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| NVENTI ON [ 0001] This invention relates well bore servicing tools. BACKGROUND
OF THE | NvBN011@M1§30002] Sone wel | bore servicing tool s precras2@aopsuenal ity of
fluid fl ow pat hs between the interior of the wellbore servicing tool and

t he wel | bore. However, fluid transfer through such a plurality of fluid

fl ow paths nmay occur in an undesirabl e and/ or non-honogeneous nmanner. The

variation in fluid transf r t al i fluid fl ow pat hs may
be attributable to vari an?@ﬁﬁﬁ%&’@ﬁ%bﬁ%ﬁ of an associ at ed
hydr ocarbon formati on and/or may be attributable to operational conditions

of the wellbore servicing tool, such as a fluid fl ow path being
unintentionally restricted bylpaPQTHEIRNVIENTION SUMVARY OF THE | NVENTI ON

[ 0003]. A 56! 0S herein is. a hod of .servicing a wellbore, conprising
provi &@%?a ffulls&fwﬁ%%lerel?a esf‘YrEElitnarecSS%% 83{51 on with the wellbore, and
transferring a fluid throggbKdROUND OFAIHEIBNVERQPOFNAl so di scl osed herein
is afluid flow control tool, conprising a tubular diode sleeve conprising
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ported sl eeve conprisi nq an outer port in fluid copmuni cation with the,
di ode fhysbipnnies thighah Senpluralivagfefleie flomepaiiomay fpafttibytable o vadapceoi B huke
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fl ow rbﬁsgaafcﬁﬁ%eemgt?erf luid transferred to the outer port fromthe inner port.
SUMMARY OF THE INVENTION
[0003] Disclosed herein is a method of servicing a wellbore, comprising providing a fluid diode
in fluid communication with the wellbore, and transferring a fluid through the fluid diode.
[0004] Also disclosed herein is a fluid flow control tool, comprising a tubular diode sleeve
comprising a diode aperture, a tubular inner ported sleeve received concentrically within the diode
sleeve, the inner ported sleeve comprising an inner port in fluid communication with the diode
aperture, and a tubular outer ported sleeved within which the diode sleeve is received concentrically,
the outer ported sleeve comprising an outer port in fluid communication with the diode aperture,
wherein a shape of the diode aperture, a location of the inner port relative to the diode aperture, and
a location of the outer port relative to the diode aperture provide a fluid flow resistance to fluid
transferred to the inner port from the outer port and a different fluid flow resistance to fluid
transferred to the outer port from the inner port.
[0005] Further disclosed herein is a method of recovering hydrocarbons from a subterranean
formation, comprising injecting steam into a wellbore that penetrates the subterranean formation, the
steam promoting a flow of hydrocarbons of the subterranean formation, and receiving at least a
portion of the flow of hydrocarbons, wherein at least one of the injecting steam and the receiving the
flow of hydrocarbons is controlled by a fluid diode.
[0006] Further disclosed herein is a fluid flow control tool for servicing a wellbore, comprising a

fluid diode comprising a low resistance entry and a high resistance entry, the fluid diode being

configured to provide a greater resistance to fluid transferred to the low resistance entry from the
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[ 0005] Furt her disclosed herein is a nmethod of recovering hydrocarbons from
a subterranean formation, conprising injecting steaminto a well bore that
penet r at asothe/wusver ranean fornmati on, the steam pronot pog/mE2i1o09910f

hydr ocar bons of the subterranean formation, and receiving at |east a
portion of the flow of hydrocarbons, wherein at |east one of the injecting
steam and the receiving the flow of hydrocarbons is controlled by a fluid
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vel | bd?B ANBRC SCRI PTI ON OF THE DRAW NGS [0007] Figure 1 is a cut-away

obl i que view of a fIU|dBRHQMDEg@Rm@h(nng1§g@gmnggy@g an enbodi nent of the
di sclosure; [0008]Figure 2 is a partial cross-sectional view of the fluid
fl ow ([QQQ7|]O| Figote bfisF guiraway phligyg view of a fluid flow control tool according to an

embodiment of the disclosure;

[0008] Figure 2 is a partial cross-sectional view of the fluid flow control tool of Figure 1 taken
along cutting plane A-A of Figure 1;

[0009] Figure 3 is a partial cross-sectional view of the fluid flow control tool of Figure 1 taken
along cutting plane B-B of Figure 1;

[0010] Figure 4 is a partial cross-sectional view of a fluid flow control tool according to another
embodiment of the disclosure;

[0011] Figure 5 is another partial cross-sectional view of the fluid flow control tool of Figure 4;
[0012] Figure 6 is a simplified schematic view of a plurality of fluid flow control tools of Figure
1 connected together to form a portion of a work string according to an embodiment of the
disclosure;

[0013] Figure 7 is a cut-away view of a wellbore servicing system comprising a plurality of
fluid flow control tools of Figure 1 and a plurality of fluid flow control tools of Figure 5; and

[0014] Figure 8 is an oblique view of a diode sleeve according to another embodiment of the

disclosure;



al ong cutting plane A-A of Figure 1; [0009]Figure 3 is a partial
cross-sectional view of the fluid flow control tool of Figure 1 taken al ong
cutting pvereliByB3of Figure 1; [0010]Figure 4 is a part ipali/uscasmssect i onal
view of a fluid flow control tool according to another enbodi nent of the

di scl osure; [0011]Figure 5 is another partial cross-sectional view of the
fluid flow control tool of Figure 4; [0012]Figure 6 is a sinplified

sche g, viewof a plurality of fluid flow control. togls of Figure 1
conngi{’@&] t ogﬁ{tgﬂ@r9 ltS&nPBtEﬂ%OémpY}F‘fvioéﬁ digde apGiBIR Oﬁfl?iWﬁ%WGP’&FﬂdeLi&?g’rgure
embodiingM4id 8ht dhepidhachesidr e; [0013]Figure 7 is a cut-away view of a
wel | bore servicing systemconprising a plurality of fluid flow control

t ool s [M16Fi guFigue Qs amorshagoakli iswv of a fliodé dpefriusarofsbadiod¢ sltews!of Fagurds gulagl 5:
and [00}4%75 %ure a(i:$ an oblique view of a diode sleeve according to
anot het" BhHBEI et S t he di scl osure;

[0017] Figure 11 is an orthogonal view of a diode aperture according to another embodiment of
the disclosure;
[0018] Figure 12 is an orthogonal view of a diode aperture according to still another
embodiment of the disclosure; and
[0019] Figure 13 is an orthogonal view of a diode aperture according to yet another embodiment
of the disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0020] In the drawings and description that follow, like parts are typically marked throughout
the specification and drawings with the same reference numerals, respectively. The drawing figures
are not necessarily to scale. Certain features of the invention may be shown exaggerated in scale or
in somewhat schematic form and some details of conventional elements may not be shown in the
interest of clarity and conciseness.
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[0021] Unless otherwise specified, any use of any form of the terms “connect,” “engage,”
“couple,” “attach,” or any other term describing an interaction between elements is not meant to
limit the interaction to direct interaction between the elements and may also include indirect
interaction between the elements described. In the following discussion and in the claims, the terms
“including” and “comprising” are used in an open-ended fashion, and thus should be interpreted to
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mean “including, but not limited to ...”. Reference to up or down will be made for purposes of

description with “up,” “upper,” “upward,” or “upstream” meaning toward the surface of the
wellbore and with “down,” “lower,” “downward,” or “downstream” meaning toward the terminal
end of the well, regardless of the wellbore orientation. The term “zone” or “pay zone” as used
herein refers to separate parts of the wellbore designated for treatment or production and may refer
to an entire hydrocarbon formation or separate portions of a single formation such as horizontally
and/or vertically spaced portions of the same formation.

[0022] As used herein, the term “zonal isolation tool” will be used to identify any type of
actuatable device operable to control the flow of fluids or isolate pressure zones within a wellbore,

including but not limited to a bridge plug, a fracture plug, and a packer. The term zonal isolation

tool may be used to refer to a permanent device or a retrievable device.
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WO 2011/ 071830PCT/ US2010/ 059121 [0015] Figure 9 is an orthogonal view of a
di ode aperture of the fluid flow control tool of Figure 1 as laid out on a
pl anar suwbaor;07i$3016] Fi gure 10 is an orthogonal view ofca/useadesapert ure
of the diode sleeve of Figure 8 as laid out on a planar surface;

[0017] Figure 11 is an orthogonal view of a diode aperture according to

anot her enbodi nent of the disclosure; [0018]Figure 12 is an orthogonal view
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accor ghNétated Y kead AohR! a RIFRE GhiBNthe HellbbR tlicHEihe B8WRhole tool from an upper part
of the wellbore above the downhole tool. The term bridge plug may be used to refer to a permanent
device or a retrievable device.
[0024] As used herein, the terms “seal”, “sealing”, “sealing engagement” or “hydraulic seal” are
intended to include a “perfect seal”, and an “imperfect seal. A “perfect seal” may refer to a flow
restriction (seal) that prevents all fluid flow across or through the flow restriction and forces all fluid
to be redirected or stopped. An “imperfect seal” may refer to a flow restriction (seal) that
substantially prevents fluid flow across or through the flow restriction and forces a substantial
portion of the fluid to be redirected or stopped.
[0025] The various characteristics mentioned above, as well as other features and characteristics
described in more detail below, will be readily apparent to those skilled in the art with the aid of this
disclosure upon reading the following detailed description of the embodiments, and by referring to
the accompanying drawings.
[0026] Figure 1 is an oblique view of a fluid flow control tool 100 according to an embodiment
of the present disclosure. As explained below, it will be appreciated that one or more components of
the tool 100 may lie substantially coaxial with a central axis 102. The tool 100 generally comprises
four substantially coaxially aligned and/or substantially concentric cylindrical tubes explained in
greater detail below. Listed in successively radially outward located order, the tool 100 comprises
an innermost inner ported sleeve 104, a diode sleeve 106, an outer ported sleeve 108, and an
outermost outer perforated liner 110. The various components of tool 100 shown in Figure 1 are
illustrated in various degrees of foreshortened longitudinal length to provide a clearer view of their
features. More specifically, while not shown as such in Figure 1, in some embodiments, each of the
inner ported sleeve 104, the diode sleeve 106, the outer ported sleeve 108, and the outer perforated
liner 110 may be substantially similar in longitudinal length. The tool 100 further comprises a
plurality of fluid diodes 112 that are configured to provide a fluid path between an innermost bore
114 of the tool 100 and a substantially annular fluid gap space 116 between the outer ported sleeve
108 and the outer perforated liner 110. The inner ported sleeve 104 comprises a plurality of inner
ports 118 and the outer ported sleeve 108 comprises a plurality of outer ports 120. The diode sleeve
106 comprises a plurality of diode apertures 122. The various inner ports 118, outer ports 120, and
diode apertures 122 are positioned relative to each other so that each diode aperture 122 may be

associated with one inner port 118 and one outer port 120.

4



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0020] I n the draw ngs and
description that follow, |ike parts are typically marked throughout the
speci f i cavpantiarassdr awi ngs with the sane reference nuneralrdis2oiespaet i vel y.
The drawi ng figures are not necessarily to scale. Certain features of the

i nvention may be shown exaggerated in scale or in sonmewhat schematic form
and sone details of conventional elenents may not be shown in the interest
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"sealing", "sealing engagenent” or "hydraulic seal" are
entry 126. However, in alternative embodiments, the diode apertures 122 may comprise any other
suitable geometry for providing a fluid diode effect on fluid transferred through the fluid diodes 112.
[0028] Referring now to Figures 2 and 3, partial cross-sectional views of the tool 100 of Figure
1 are shown. Figure 2 shows a partial cross-sectional view taken along cutting plane A-A of Figure
1 while Figure 3 shows a partial cross-sectional view taken along cutting plane B-B of Figure 1.
Figure 2 shows that a fluid path exists between a space exterior to the outer perforated liner 110 and
the space defined by the diode aperture 122. More specifically, a slit 128 of the outer perforated
liner 110 joins the space exterior to the outer perforated liner 110 to a space defined by the outer port
120. However, in alternative embodiments, a perforated liner 110 may comprise drilled holes, a
combination of drilled holes and slits 128, and/or any other suitable apertures. It will be appreciated
that the perforated liner 110 may alternatively comprise features of any other suitable slotted liner,
screened liner, and/or perforated liner. In this embodiment and configuration, the outer port 120 is
in fluid communication with the space defined by the high resistance entry 124 of the diode aperture
122. Figure 3 shows that the space defined by the low resistance entry 126 of the diode aperture 122

is in fluid communication with the space defined by the inner port 118. Inner port 118 is in fluid

communication with the bore 114, thereby completing a fluid path between the space exterior to the
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intended to include a "perfect seal”, and an "inperfect seal. A "perfect
seal”™ may refer to a flowrestriction (seal) that prevents all fluid flow
across orwOhnougissvhe fl ow restriction and forces all flparast@olss121
redirected or stopped. An "inperfect seal” may refer to a flow restriction
(seal) that substantially prevents fluid flow across or through the flow
restriction and forces a substantial portion of the fluid to be redirected
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[0028] Referring nowto Figures 2 and 3, partial cross-sectional views of
the tool 100 of Figure 1 are shown. Figure 2 shows a parti al

cross-sectional view taken along cutting plane A-A of Figure 1 while Figure
3 shows a partial cross-sectional view taken along cutting plane B-B of
Figure 1. Figure 2 shows that a fluid path exists between a space exterior
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1 are shown with the tool 100 in an alternative configuration. Mre
specifically, while the tool 100 as configured in Figure 1 provides a
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conpordAt STYF e Gl artsad QFF ¥ 043 TR B freRt on; 1| OugiFy atg from
appr eGhatgdrd At hofk kP BcL oDl igHr §teSRiddNAlectiOh MdMBotehfortive 2t 90hsy 100
together in the manner shown in Figure 4, the bores 114 are in fluid

commu rtiapsitipsro wihohzewa injettivarwelowepostion 214 t hi s enbodi ment, seal s and/ or

h itable f i ded . the flui . 116
of ¢ nd98421 2 ey SR T Sl DTS, D PR el e Bnfiolh RahlETE e
VO 2013MPieli8s iRCIY WSAOLEY DB Wa ks bodlicned ¥ ayarbes jafxedos agetherdshyvet i ng,

work string el ements, or an¥ ot her suitable device for connecting the tools
100 i mrqundi an ewraetian cealibere. 2D ot | RactEates Hy sibiertapes fumation 288weWhilsr &
servi ¢j . IS . figured . CJ ] r i ng
nycr o s B S e B eyl R R e RSN TSR o
200 compeintstst rathet, nj etidhansusfate ivehdad goRPRtioe (@ subaucfadd Welitgad icgmpletion in

conpletion rig, or workover [i%} hh is positioned on the earth' s surface
b1

. at
204 arigMéSTEREENBYE MM RPSHE HHDit BEtId AV e TP EFECEOB eHAC pdAdtPal%s a
subt ergARe Ao ! TRtk Pe 4D ormifibd Qo@'{lsﬁlglaﬁ?_tshﬂa{blé 8fiMingSedtn épzrﬂeseyéﬂé?%%h 'n
Figure 7, in sonme enbodi nents, a service rig 202 may not present, but
r at herwellhost 2r8dextendsusubstartiabiy| Vengcdy covayl Ebmothe (earth’s wwface 264 @veeh |Vegadl

conpletjon. in me enhodinents) may be associ at ed th the syste 00. The
o DB GR Y ABPE BOBORAIDOR T Ed YR SHAT Gt B AaHb S Br e GHErA08
usi Ng datiited Wi tradod whlibblel fABtidrEIMN b Y Bansiits ithh RSk L@l WRIrh O BvelBBreSpdr IS
substantially vertically away fromthe earth's surface 204 over a verti cal

i nj ectZ2én Avpbitisorad heozentarexzragongeelibare goftion A2¢ ds 1acett dirgkthy belewt andt dféset

h' f 204 . devi inj ' | | i :
Cr ansitorie 4L ARy Se B BB E s L SR ARe Fartruk BTG Bs Py s,

200 f yehdigily CoiglySESctdorg ¥idhatlhdr OF abait\fiveendtdrg 216 (e.g., a drilling rig,
conpletion rig, or workover rig) that is positioned on the earth's surface
204 ah®0Btt ends Syvtem 2AQ frbemgoaatiskt MhdpiceiPrneole ke 228 et Ppeivetiomt es
the s 1 - [ [ ann®@x ct.l Oof ViCce rj 6

shown THEE SRR b BTRL ZThay B (0Bl 0P SHIAELAGEL fh o, b feghil

pr eserbnfifuwitionat Biilarly, syaemla@00 cufriseeanekiriveiad wakpltéid 028 (@g., prdekustisf ace

wel | head conpl etion jn sonme _enmbodi ments) may. be associated with the system
200. fﬁ@g@‘%mW%la{ Mgrltyof 309%%@000%%3 cpifiged 1928 Hefﬁ%w SQIBtoL Fenffpusgiion.

Lo G0, COBHEL00 A L Sl ooV, I8%, kLo ey

204 over a vertical extraction mellbo&; portion 220, deviates fromverti cal
relative to the earth's surface 204 over a deviated extraction well bore
portion 222, and transitions to a horizontal extraction wellbore portion
224. A portion of horizontal extraction wellbore portion 224 is |ocated
directly below and of fset from horizontal injection wellbore portion 214.
In sone enbodi ments, the portions 214, 224 may be generally vertically

Y e r o o, r o, o AT o~ 2 NN



WO 2011/ 071830PCT/ US2010/ 059121 of the injection wellbore 206 associ at ed
with tools 100" fromeach other within the injection wellbore 206.

Si m | ar | ywoannwui7ag30zonal isol ati on devices 230 nay be ugeu/useoisstiat e
annul ar spaces of the extraction wellbore 218 associated with tools 100
fromeach other within the extraction wellbore 218. [0034] Wil e system 200
is described above as conprising two separate well bores 206, 218,

al ternatjve enbodi nents y be.copfi.gure ifferently. For exanple,. in sone
erbod et RGIRR. ¥FThakg 06 ssocsel il [56 i Forataeh b Eiighe WEFTHor o
Al ter Ratiibyel 206, \’S@ﬁﬁlhﬁﬁ:anﬂlﬂﬁﬁ 1ABisOhtE N8R K 36 tnfdy@Suséd & is8RR dMANIP Y RebE

| ocated in a conmon wel |l bore but nay each extend'into different deviated
and/ orof Kby exwastiah walbbiso2 BB pesocind swith ¢onls A80 dmmsachy ether eathim dhet ¢xdraction
Alternaﬁ%vegér vertical portions of the work strings 226, 228 may be

| ocat PR SeBar at e vertical wellbore portions but may both be located in a
shar eqodsa) i zont alhiedysRar B00e dédcaBed ABbve 8¢ bordpridinemabepyfadasdibbRed06, 218,
enbodi ments, tools 100 and 100’  may be used in conbi nati on and/or

separ attengtiteeergleqdimeits Mmayjhgscondeupe difgremslyr dapieximplg, Buonesimnagimenss work

confi i e Lyl h . e. W . 1 nf

cont r a1ire 228 EACIRE tMERRHE i hubthe WeRRL ARANER S L Bl e
conbi radrk etin@f 2260008 mhe Goerie 13&ed imaycobendrowettete battndyreash shatdidtondititzar e
and/ or_anongst a pluraljty of wellbores and the tools 100 and 100" nay be

associdgriagdvandfor diorizaptahve bRy qrortiansr fEem; the | cMERPIa KeTtiF A r PASTAL e Slismatingly,
wel | b 05, 79N | t g .at :

par 1 ol Lol &b oRPatRg 20d! S0 iRy IACK I Epartl® BB wtiBAR porons
oper atbuomay Htodahe tayteden facshared hontzonthlheclibope poition. iorekcls bf theab226 desadbed

assed fromthe too 100' into.the formation 208. |Introducing.steam. nto
Pne T PR B LD P00 MR be e Bty B8 GRAYOR SRARGHELY Boeiver FUt B by

the i nhegbRshS LEAMN S RYnRI oW AFaiPMIdIof tb Pedl@WIkile it B WRHbore with
hydr ocar bons downward and into the extraction well bore 218. The extraction
wor k shnifitgy 208ragyniieiramns édillt fortheri mt diemative embedimghts baryecoprteragion of (@ly. |
a pre re.dipfferential) .that tends to.draw the affecte drocarbons into
tho' oxDPane i GorRe Lty it R bR FHE Hodar uRobth Sy 6 SEIPRES e ey
t her eafid @b1sh@0PHANEOH 14 bOssbhige@Mithattiéem avaior el RéBreandnilat Pades of the
hydr ocar bon storage device and/or into a hydrocarbon delivery system (i.e.,
a pi pevdlpenes, the aggular specepip sens gpbedipieats, bdveg Hdewss partiallpdefingd by ongor mpgp!
may f%ﬁﬁh@&ﬁ&tﬁ@Evﬁésisternal bores of extraction work string 228 and

i njection work string 226, respectively. Further, it will be appreciated

t hat 00854 t r andi epératigh, btehm natydediorced into thetigjebonl @Ok sty 22tandIpassed from
considered to have been passed into and/or out of extraction wellbore 218

and i ffietRisoWentrgBs &orpgon L8 pdeedieing. steaat By thegioymatHe2(s mey feduce the

di scl I : Ui : k
o T g B A L o e MR B B R
a f |l uiaffecdedtpdrotarbenewamact ambemt s thetelgradtioni welidored 2l . f Brenaxdvaptoomt work sbfing he

wor k ing and/or. a taol.of the rk string 0036]1t will b reci at ed
that b Soebtciyoe frahtgiigen fren qosuaehul Get-dobrvrs MesoRte WRFIPE R ow
cont r Qavs @hd RBctdBY b@SSs tiftof theliel trhdtRY WHK! ﬁﬁ%eaz@mugmme%msfﬂw! drRess
flowrate of the fluid diode is approached. The Tluid diodes discl osed

her ei mydwegabprsvingye therqaétar bapeinead ewef teediactianswelitmne @1& and/imeo 7 bydroeareort o

fluid ss flow rates. therethrough,. For exanple, .a fluid flow resistanc

my | A0 R BT T ARG v R TR G Bl By Bradpeofid BEE
in fl uhdbéres $14 bOwolsatoe, 101 ahghfoam flowtichs dif atermnall Bor¥d bfl extd@c@IIPW 6L @iligd21dat
such fluid flow resi stance nay encourage a nore honpgeneous nass flow rate

di st r iapthinientionmsly sing 326.cepeetivel ihrbgedt wil by appisglaiedithaliflyid raweedng ing

t OO! Jag&)/br 959‘[0 f togl rlOﬁ,X?(len%I l:?esco%sifdgr_léhqo Weslt)éeln%\gssre tiﬁto.talﬂ%&l%nt &f &tlraaﬁ]on
fluiddiode of a too |ncre3§es, resistance to flurther increases 1n the
f1 ui d wetlbsref D08V ahdt mjdchion ugdiibore 206, sdspédtively. diAderdnigly,hehet prekentadisclosure

i ncrease, thereby pronoting flow through a second fluid di ode of the tool
that FEYCHPRES fagge HohbatERL P6lepapd anrask stringastociaa; Withriicsvelibggs
rate therethrough. [0037]1It will be appreciated that any one of the inner
ports 118, outer ports 120, diode
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apertures 122, and slits 128 may be laser cut into netal tubes to formthe
features disclosed herein. Further, a relatively tight fitting relationship
bet ween twe 2diiodes3sl eeve 106 and each of the inner port edTtalseavasddd and
outer ported sleeve 108 may be acconplished through close control of tube
di aneter tol erances, resin and/or epoxy coatings applied to the conponents,
and/ or any other suitable nethods. In sone enbodinents, assenbly of the

di ode sl eeve fo e i nner rted sIe be acco |i she
heat i r%rOP d]l“bfgéloéiFe &6 e g“%% edll gﬁ XB&rROéHO% W ‘gﬂ){ng

Heat i ngq/bPg sl 60@e $lopeMand 06 may unlforn1y enl arge the diode sleeve 106
whil e cooling the inner ported sleeve 104 may uniformy shrink the inner

port ed0@&6¢eve 104 will et ippseriater dragen samd ghbadukents,sa dlued dlcain 8% @ﬁﬂbttyvely

tol erance ed .t hat regter. than the assenb olera

t her ety %ﬁgﬁ%&qf A”P 8?“[Ui° R gt {%Et*}“ﬁ%&% ﬁbl O TSR fo%a’flﬁi‘l@ bﬂl«g IH?%

sl eeveatd QF tRaGHi8Idiodd i hpprbddhed! AhE FRiidTBWIEEdiNE SR thereds SR iddBnddl @ﬂ&or
sl eeve 106 within the outer ported sleeve 108, but with the di ode sl|eeve

106 bélpmjme@dwéﬁara:ﬁ gurvieredaitve to Bmdtrws fowenies Bralerongnt Bt exampgg] flwid flow
|
the | namEsTIREREEN, Seorhffiafl U FeRE £ A IR LORY Tl Th i

sel ectﬂov\erateethmmfgh gUluad diode.oft vall bk uppkeélhtemlmo Richdluid ot rdffarice nady dnoburaye

control configuration froman outflow control confjguration and/or from an
out f | GNUEHCHGRENESHT MgeirBRW &He distribHtiphamengst bHiqus ﬂu@oqiw‘iif‘@&rf arsingde flygflow

exaer|C8mr(§1q9+151()@50Q@0’1% X8 IQeasCaoﬁ 1'(19‘ﬁ£s§glotxpfates B%Cfﬁ@{ ﬂﬁiﬁrcﬁtsde i d ﬂ%o]he

response to longitudina nent 0 ode s e 106 relative to t
|nner1mmumedrsm%mwetdﬁﬂﬂmndmhhamounbrﬂp@nn&ﬂfbMeHMEmmﬁ&hth@ﬁaﬁfbni@@d&%f
2011/ 071830PCT/.US2010/ 059121 t he d] odehsleeve 106 %glvgﬂ%ﬁ nner
por t ed%[O0E &Y 1BFCLuthere Y&E?IB?“% P¥d @P%lé@egei%@ fde d} t may

ther eQfherhRe BWetJZ')ﬁﬁnﬁJdttS emhtaﬂ& ﬁmefiﬂﬁa@ﬁa%s flBw r!a‘dé It&réthl%wgﬁont rol tool may
conprise nore or fewer fluid diodes, the fluid diodes may be closer to each

ot her [37iur t herdt syphbe afppmma@écmatoartyeone oﬂwélevlan@rqmﬁflll& duigi pdes 186, diode

singl e t ool vi a |et of. maxi ro rate nd{or .a
ot ot antiESts T2 RSN A2s Ral B 1ol ot in T AR Bt PR BleS Puse RO R
cont r @urtadrd agthRevel§ lighdfidin gd@ﬁu@mfp Battveeh ﬁférdlma {lbeonw WBNindodach [0P QBO]ninkr
will further be appreci ated that the fluid fl ow paths associated with the

f | ui d partedialsevealPdymdcaiaripgited dleeys H meniba agcamplishethihequgbsclese conbolaaf tabea
to pr a u 0 f

0ol SRR IR0, (45, AP LA e ) o PRSP MR
| i kel ishigabte efetfddo.w Ip&bhleCérﬁiggihrﬁgits Iaﬁsdrﬂiblﬁ oflithe daglarstseve t1094tb Ithd énner ported
appreciated that the tern1 "fluid, diode" may be dISthgUIShed froma sinple
check S{FaYs E)4 1pay bs aqsPap @edtbwéle?tm& the 91063&6@11@6&961? m;srté%@ﬁf:r RATSESIEYR e
may n a Yd f I r t

rathe?b4 Qﬁ%t%ﬁg%n ?%ﬁ%e 9853?%©H3§%@§??§%@2t@%@@é??ﬁ%@‘$§ (QE%%HE

t hr ougimet Ipertéd siﬁdvedl (léldlesy udéqnmiyl ahtinkothe anigkir rp@ctbcﬂ cleewaf 104. uIrdthEsteowlarEd:dJ arctl

di odes, 112 ma conf d to allow f om1fro a h| ance

ot 1y hBHke et gnsreerl Bituea i i it e i PeghBon g AT B pGe

al | ow thdrsdyOmhlkiaWidsb Qidh &f km&&%&&:@@}é@veefmr Mitoldf diRlealdeld TOGF esiest ANGRIGNt ry
124, O course, the direction of fluid flow through a fluid diode 112 may
depen(]PerSSolp)@Y he usrgl toangtintbiloths dierisaddeac 66 within thheutes goiéd sleryeflI0gi butdiidde
112. r now to, Fi gure 8, a terpatiyve enbodlnent of a diode
sleevéﬁﬁgﬁ esaﬁﬁ&gﬁgmfﬁ88%e%? %Ogﬁbpaggﬁ%ﬁge m%ﬁ%d% apertures 302, each
conprifge3sy a hi gh a[telslms&eaaﬁsocﬁﬂﬁeﬁty mocliddd QveveeRIGShan®e waable. relzIthtJ) lthdoe
appreci ated that the systens and met hods di scl osed above with regard to t he
use ofinieh Rertedydpaved 04 japé thesoutqyportgd; slepvepKidt te @llgweselgeidverggonfighentign oép fluid
perf Orf%wago;{t 16551 Otongﬁ/ nﬁf‘o g&ﬂr&l Ocoﬁﬁ# 8&6n ?IIOX} Y %gl[fﬂ)w Coftrdl C%hfl ration
conpri sing Je 'di ode sl eeve 30 rov e se I'rectronal resiatance
of fl uhdot framsa‘necrutﬁ]mtz weretrol borfesirdtibé taaﬁl irfflow ebng@pc@pRaesiod.l Gor éxmntpltn $ools
enbodl i ode apertures 302 substantially wap concentrically about t he
centr &P fﬂ 05 %{éﬂe qOﬁggvﬁeg sl rereRtiguration iy; rBSHOFl%ﬁAFOng‘P\%W&FW moyeipgy of the

dir eCtd'lcha sgevé I?§6 ?crldftﬁf\éﬁto %‘ﬁnﬁ&ﬁﬁﬂ@& %%éve*ﬂ(ﬁ%ﬁ tfl@éllltélt 1%}9:@ sﬁé&@@ 1@8 rotation of
substantially simlar fluid fl in an opposite direction would encounter.
O course, further alternative enbodi nents of di ode sl eeves and di ode
apertures may conprise different shapes and/or orientations.

[ 0041] Referring now to Figure 9, an orthogonal view of the shape of the

di ode aperture 122 as laid out flat on a planar surface is shown.



WO 2011/ 071830PCT/ US2010/ 059121 [ 0042] Referring now to Figure 10, an

ort hogonal view of the shape of the diode aperture 302 as laid out flat on
a planar wonhaoe183s shown. [0043] Referring now to Fi gurectas2an/osyizhogonal
view of a diode aperture 400 is shown. Di ode aperture 400 is generally
configured so that fluid novenent in a reverse direction 402 experiences

hi gher flow resistance than fluid novenent in a forward direction 404. It
wi |l be appreci at that the geonetry of the internal flow gbstructjon 406
cont r B P01 Bl e 46 i BBCPAEr Gl bt 2o AP TR e ATy & 1 B 0
resi stanefatibP AefdorRe I8 FhitiRg AWt EhBdifed; a ANiCASNAGARE! 0¥l B RbmPrith ode
aperture 500 is shown. Di ode aperture 500 is generally configured so that

f 1 ui d mventwerifiicadiodese theeflwil dewtes oy 30 Zlesgperdachother bi finder dgagvirom each
resi st nee. t han fl¢1i.$dn§ve§&ent. iln 2 f orwar d. di rec.t'{o 504. Dilﬁdﬁff er&ure
500 | SNEGAPT GENBE TTHUF dipses %t HOES IS Ty REVISH & FAIEY: BB dEs™ WA fOR @iFer e
W th fahdfofla fsingw br @gg Borip.0den @ngiihation d1QbdeCoEAMTdEdd R SnfRMG o] BRd other
attached to or forne int%ally with one or nore of an inner ported sl eeve

104, dlugfl dgdessiopbged g ou emtrgh outer ported sl eeve 108. In some

enbodi s, ob i 5 er.w | O

i nner [por ed sl Z%%gf%gﬁ%efggﬁggﬁdgﬁartﬁﬁégﬂﬁgvﬁ 'EV 019 %Eg%}é%é:%a%g% &gﬁﬁ%ﬁ]ﬁ%g@ﬁg
vi ew @fiayabeli @dfigapértbumeinGd d snashown. crbisadeti @perardir & @aSents cloegiap addey to
configured so that fluid novenent in a reverse direction 602 experiences

hi ghePafticBlfte Baftet afeerdipgy. theuibd geindepanaty prRVvide filomnaeirddifrrstiongiy gghout

D ode : 0, 1; I A -d =1 i ke: : ] 06
Chat gy itrEasth HRIFBAT bPHEGhalibClopife. Tl it B G AR O
may behatdracHdd dvdet mayr bedisiingwgredi frm i simpbneheck vabree Bdrtiadailyrbe floar t ed

sl eeve,. 104 iode sl eeve 106, and/or an,outer rted sl eeve. 108... I n. sone
ermodrict 117 gb iR et eiTont nal no e RuopsFen BRi (i dh RShAihRE girtdlin
i nner ypPLIRY, BheeY odihred B0461iAt vhiead! rQRANSTROGHIER ihfoudhshé AHRCIBMd

variations, conbinations, and/or nodifications of the enbodi nent(s) and/ or
f eat urdepengfnttdne dirdgbiel offittid lpwiddiedidyodas pbY men bhewifizyredrtdiahew ylugkilew fiom t he

art are.within the scope of. the .disclosur V@ ernat i ve enbodinents tha
AR T SEEE I Tedsa T I T Rt e T e TS e e
enbodiflmnt§i)a 18WeeddtSiee whir{ il D6 tehiSh eRB ke My 45 abOsUER, th¥ligeiodwTERiCal
ranges or limtations are expressly stated, such express ranges or
| i m t dtovotsouwhcufleid sikodgndersindepend op pppigteg conshidans\assackirgesitp the ysgiof dkd ons
of i ‘?ﬁ%mg&é pde falling within the expressly stated ranges or |imtations
(e.g., fromabout 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10
i ncl udes40d. 11Ref@rring, ndv Ia3Figatecs,)an dhernaexasmbedimshesey dioda sledveBOE &l shoange
with a lower limt, R, and an upper limt, Ru,. is disclosed, any nunper
fallidyods t¢7ve SPREOMRTYs dicdepeidies % L9 ERATEER NER resifanee Gtay and Hlow
f ol I oyt ag, ap St Wil b ApbdEialcB UG ¢ 2REGh hielda¥ dlERELRHRYe with regard ¢
R=RI \Iﬁiiﬂs?aRu R1)% V\,helr el np{i ?lsa ea varll?egsgllse rangi ng from1 per ce%tWIt cge%aéo °
per cenle wsietolfi irmefl pdied2Mek ¢ OIUS SR G td823:20¢s0BB L A1 outer perforated liners 110 may be
used to selectively configure a tool comprising the diode sleeve 300 to provide selected directional
resistance of fluid transfer between bores 114 and fluid gap spaces 116. In this embodiment, diode
apertures 302 substantially wrap concentrically about the central axis 102. In this embodiment, a
fluid flow generally in the direction of the arrows 304 encounters higher resistance than a
substantially similar fluid flow in an opposite direction would encounter. Of course, further
alternative embodiments of diode sleeves and diode apertures may comprise different shapes and/or
orientations.
[0041] Referring now to Figure 9, an orthogonal view of the shape of the diode aperture 122 as

laid out flat on a planar surface is shown.
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percent increment, i.e., kis 1 percent, 2 percent, 3 percent, 4 percent, 5
percent, ...50 percent, 51 percent, 52 percent, ..., 95 percent, 96
percent, WO pawvoessv, 98 percent, 99 percent, or 100 per eemtus2ibosaeer, any
nunerical range defined by two R nunbers as defined in the above is al so
specifically disclosed. Use of the term"optionally" with respect to any

el ement of a claimneans that the elenent is required, or alternatively,

t he el t i uir th alternatjves. bein hin the sco of
the cIGIB]" sBeRingrodeion Stue A3 SyioRenE sirp: e Pngl HhEbd R aaTng
shoul d,iheutinden atppRdr LiRfRE Q¥hEgnsupport for narrower terms such as

consisting of, consisting essentially of, and conprised substantially of.

Accor d0ol y, Rbfermgomv tofFiguretl &cni wthopenahwiew ofr diedt &pyrtuméloa e,x‘smomt |Dmdfs et

out above b ned t he cl aj that foll ow pe., ncl ud

o1 oanrur dho ety Sututd So ol bR b Rinnf inaf el B SR R B R
I's 1 ngpsRP FlaladsiggndeUthihBhiddhsenatiea Fathvard Migecsipeand.i ¢akilose apgedidial dhai ms
are enbodi nent(s) of the present invention. The discussion of a reference

i n t héhaRexnaisuplethesinfesnal dlova ghstastion 40h gentribuies tg theopboyetdesaibpé dirgstigpabny
refer%ﬂ%&e&QQ¥Hﬂﬁ§ﬂgwﬂ%Qt&%%t'O” date after the priority date of this
appllca sclosure of all patents, patent applications, and

publ i ¢e044dns Réfeihginowt foFigirs ¢R amrthogasenl highvedfia diodxarppan@tsed ibshomefl @iedce
intheir entireties. [0047] Reference js further made to the foll ow ng
speci RPEERSBAIhEsHeRIly configured s, Bt HpidsmevAmanh§ & INETSE @gﬁglonom%per&pgmmes

provi ?ﬁ%hgr Foly fosﬁtaﬂ&éD 'ﬂ‘m& Hn?}x%rﬁﬂ%@ Jﬁﬁ%ddera?’lhﬁé‘cﬁ%etj@? ‘i‘ﬁ&llé? mr)éaﬁgo is

transferring a urd throug met hod o odi nent
1, wheoefiguréd éorfusai witldishahd-like ahisgpasad i%tthatnntekferw[th Horie flow3thraited dieddrod

of enbodi ne rein _the transferring. renoving.the fluid
P e T A MR A M T R R T R S
conpris3asd Queronsy faQﬂ@depsﬁ&%q@é SdpaP A &M&r@%atmvé PHgRYL %m%&ho&/ﬂieﬁﬂ the
wel | bore is associ at ed ) he met hod of enbodiment 1 or 2, wherein the

tr ansf0@strucngn&:ﬁ}ﬁgnassbeswgld@:bomthgw&@eomtdmdh@ oneheorigdislebor K)4. 6. The net hod

of e | wher ei n .t.he f ri Ses 7. T met,hod of. any
ot eced g embB O RdrEiTR 1o TR T B g Be ekt TRR T ag, yod

I NCr eapéige KOS hss%@efaﬂytc@nﬁ@ﬁed Ecﬁﬂﬁf g AGvenient @5PER8Re Iddre@idnl BRI pkiiceas e
inafluid mass flowrate of the fluid through the fluid di ode. . The
met hodriger Ay frsitedt Hynehbddnensment Wharfervard wereetion 604 ddledq aperiyre RGP i5 n

fluid c&?f%ﬂll&i cfcﬁ‘tl!lsg %‘M Eshan%[]ﬂéen(;b%{rﬂ&lonp 08 tﬁit ifefyRfe wﬁfl rﬂlpcg flow through diode

aperture 600. Obstructions 606 may be attached to or formed integrally with one or more of an inner
ported sleeve 104, a diode sleeve 106, and/or an outer ported sleeve 108. In some embodiments,
obstructions 606 may be welded or otherwise joined to the inner ported sleeve 104.

[0046] At least one embodiment is disclosed and variations, combinations, and/or modifications
of the embodiment(s) and/or features of the embodiment(s) made by a person having ordinary skill
in the art are within the scope of the disclosure. Alternative embodiments that result from
combining, integrating, and/or omitting features of the embodiment(s) are also within the scope of
the disclosure. Where numerical ranges or limitations are expressly stated, such express ranges or
limitations should be understood to include iterative ranges or limitations of like magnitude falling
within the expressly stated ranges or limitations (e.g., from about 1 to about 10 includes, 2, 3, 4, etc.;
greater than 0.10 includes 0.11, 0.12, 0.13, etc.). For example, whenever a numerical range with a
lower limit, R;, and an upper limit, R,, is disclosed, any number falling within the range is
specifically disclosed. In particular, the following numbers within the range are specifically

disclosed: R=Ri+k*(R,-R;), wherein k is a variable ranging from 1 percent to 100 percent with a 1

11



WO 2011/ 071830PCT/ US2010/ 059121 9. A fluid flow control tool, conprising:
a tubul ar di ode sl eeve conprising a diode aperture; a tubul ar inner
ported slwoewelwwEessnved concentrically within the di ode eCcEase)ionbE2i nner
ported sl eeve conprising an inner port in fluid communication with the

di ode aperture; and a tubular outer ported sleeved within which the
di ode sl eeve is received concentrically, the outer ported sleeve conprising

an outer port in fLuig.Cﬁnnunic tion mﬁ%h t he di ode aperture; w@grein
a shapE6 PHEMMNDAE Kper tRFENT 2 PSEst- HREIBIT hESICHHer PREFEL relGPF6RY t he
di ode pRREAL ¥ _‘f)erc@ﬁ'tg..a, Q_Wén@’,@@créejﬂ% ﬁ%ﬁenﬂty&tp&@eh@@%@r&ﬁt, bheod E&g@n‘c

aperture provide a flui ow resistance to fluid transferred to the inner
port fMeomvvdie aoytnemepoalt raapd dafioéd bgrievet Rf nuinders | swdefewidsmatheeatiayef is udleb

transferred. to.the outer rt, fromthe i,nner port. 10.. The fluid. flow
cont r oreq Ny S BReSat 56 of ' olih SMioA TV BBE L pEUPETER: Hohr PighBins o
provi dieatahd elehR¥t @i @géired, b alt@fﬂ@ti\fe(hjyl;litﬁie ElemnC RNt Gbqiiea! béth @t@ﬁﬁﬂ%m%gg or
10, further conprising a perforated liner within which the outer porte

s| eeveavithén therseenst ofiteeaflpin. r Eeepfsgadss tarmasuch Fs|cgmirisespinspdese and harang shouktkd

N R o R

r esi stadd c@mpaised Subkiantiall pedr | ceordingyp oths escope @f | prowationv & inat iligfited nbya tiid ui d
mass flow rate of fluid transferred between the inner port and the outer

e
por t . deSErPAOHER RBLRNGNS Prid IHICA §Y YT REk RS AQ vy At Acapg Ry tamalbrfuivalents
for mate of, o6 fPhatd W thd DLk | Bh Sh& B0y Ui Wg@%g%t&ihéﬂiﬁ%tggﬁggl&%eeﬁtige

subt erranean” f or mati on, e steam pronoting a ons of t
subt ertheasyeatfichtiomatd hn;clams areeeebadimgntét) df elas presenp dmvenoon. ofThe deschdsow dfa
hydr O(%e epegges f'n the disclosure is not an admission that it is prior art, especially any reference that has a

publication date after the priority date of this application. The disclosure of all patents, patent

applications, and publications cited in the disclosure are hereby incorporated by reference in their

entireties.

[0047] Reference is further made to the following specific embodiments:

1. A method of servicing a wellbore, comprising:

providing a fluid diode in fluid communication with the wellbore; and
transferring a fluid through the fluid diode.

2. The method of embodiment 1, wherein the fluid diode is disposed within the wellbore.

3. The method of embodiment 1 or 2, wherein the transferring comprises removing the fluid

from the wellbore.

4. The method of embodiment 3, wherein the fluid comprises hydrocarbons produced from a

hydrocarbon formation with which the wellbore is associated.

5. The method of embodiment 1 or 2, wherein the transferring comprises providing the fluid to

the wellbore.

6. The method of embodiment 5, wherein the fluid comprises steam.

7. The method of any preceding embodiment, wherein the fluid diode provides a non-linearly

increasing resistance to the transferring in response to a linear increase in a fluid mass flow rate of

the fluid through the fluid diode.

8. The method of any preceding embodiment, wherein the fluid diode is further in fluid

communication with an internal bore of a work string.
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wherein at | east one of the injecting steamand the receiving the flow of
hydr ocarbons is controlled by a fluid diode. 14. The nethod of enbodi nent
13, wher evo 20hi@71830ei vi ng the fl ow of hydrocarbons is atrcClramsstiopssiei al |y
gravity assisted. 15. The nethod of enbodi nent 13 or 14, wherein the steam
Is injected at a |l ocation higher within the formation than a |ocation at

whi ch the fl ow of hydrocarbons Is received. 16. The nethod of enbodi nent
13 or ﬁrel t he SL is i.njected into a first wellbore portion while
the fl% M/Of Y oearmER wP CPRORETNEd from a second wel | bore portion. 17.

The et hod Qfib fiRAsHeTRR e d8np RS £4iBde ARerfutd:St wel | bore portion and the
second wel | bore portion are vertlcally of fsét fromeach other. WO

2011/07183@@@@ﬂ@8@01®w059$%wenm$u@¢Nenmmuh@Hyomhowbodwdenmeﬁﬁﬂwmmoxebﬂmihe

re orti.on Ho second &%oﬁgérélon are bpth horizont al
wel | bS Svep%ort?lfrg "Flﬁﬁ?e%? ) B CSEE%“&‘FC 18‘&‘” WEY B i cal wel I bore
portion.  hkSubdileodt@t dﬁ&éd@fee%ﬂf)@ﬂhlﬁ’fﬂﬂﬁlcﬂale didde siGovelibrecdifed @bnckBrickerigd N

the steamis injecte hrough a fluid di ode having an outfl ow control
conf i QuicaPPId shfivE compasing awower peyidn St erorgunisatioa veth e diode epjjres 1 ui d

di ode havi Nhe ?J'?l al htaf}éé" rog?kﬂef ﬁ%ﬁe %g{:‘jn.!rguzg %c‘ 0 of %196 1n£gle g{)W &nggYeh aﬁl%bcﬂg dre nt

19, wherein a eas d di odes i's assocCi n |so at ed
annul aperspacadaflodaien wethebateg pbi adlative tathe diadt appatiteipadiige dlfibidfesy Ryisanzonal

' sol atto (f)hqiddt?z;;lisf%gréd tOV\El)le er?nle%/pgzt 1fr8o?r)no‘5)1ceﬂo/ug§%?)}t0a/rlcoi 5agd%foelrent fluid flow resistance to fluid

transferred to the outer port from the inner port.
10. The fluid flow control tool of embodiment 9, wherein the diode aperture is configured to
provide a vortex diode.
11. The fluid flow control tool of embodiment 9 or 10, further comprising a perforated liner
within which the outer ported sleeve is concentrically received so that a fluid gap space is
maintained between the perforated liner and the outer ported sleeve.
12. The fluid flow control tool of embodiment 9, 10, or 11, wherein a fluid flow resistance varies
non-linearly in response to a linear variation in a fluid mass flow rate of fluid transferred between
the inner port and the outer port.
13. A method of recovering hydrocarbons from a subterranean formation, comprising:

injecting steam into a wellbore that penetrates the subterranean formation, the steam
promoting a flow of hydrocarbons of the subterranean formation; and

receiving at least a portion of the flow of hydrocarbons;

wherein at least one of the injecting steam and the receiving the flow of hydrocarbons is
controlled by a fluid diode.
14. The method of embodiment 13, wherein the receiving the flow of hydrocarbons is at least
partially gravity assisted.
15. The method of embodiment 13 or 14, wherein the steam is injected at a location higher
within the formation than a location at which the flow of hydrocarbons is received.
16. The method of embodiment 13 or 14, wherein the steam is injected into a first wellbore
portion while the flow of hydrocarbons is received from a second wellbore portion.
17. The method of embodiment 16, wherein the first wellbore portion and the second wellbore

portion are vertically offset from each other.
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CLAI M5 What we claimas our invention is: 1. A nethod of servicing a
wel | bore, conprising: providing a fluid diode in fluid conmunication with
t he wel | bwoeptizntas3or ansferring a fluid through the fl ui éctiusdeo/oi2The

met hod of claim11, wherein the fluid diode is disposed within the well bore.
3. The method of claim1l or 2, wherein the transferring conprises renoving
t he quid fromthe well bore. 4. The nethod of clain13 mherein the fluid

conpri dr oc roduced froma_ hy droc bon faq ch t he
wel | bd e i Eﬁ‘ﬁ ﬁ‘?ﬁ?gﬂn'? dsmeﬂfﬂg Ei84ths flr&tl “.!1? e B?“l%n 2 “gh‘@e bore

tr ansfgrifdnNGe EAAMbHSGRalRYABbA Jagkidrd @nad it etk %sB&l@te&‘Wlﬂlth%gred V@ftlca-lhs@elfﬂ%lfé"Od
of claimb5, wherein the fluid conprises steam . The method of any

pr ecedorigpnc| ai m wherein the fluid diode prOV|des a non-linearly increasing

resist nce tr f rrl increase in a fluid
mas Pow e Ofod MG B3 ol h el Froaita: BB TR st haRRen Dudian dny
pr ecedjuny d@d@lmln\gr@r @mtﬂow@ntrby t:@hfi?;lumﬂ@nl WhifeUthe ey io hfthcﬁlrbsmfébéiaéd on
with an internal bore of a work string. 9. Afluid flow control too
conpr itkiopgh a fluid diode having an inflow control configuration.

20. The method of embodiment 19, wherein at least one of the fluid diodes is associated with an

isolated annular space of the wellbore that is at least partially defined by a zonal isolation device.
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a tubul ar di ode sl eeve conprising a diode aperture; a tubul ar inner
ported sl eeve received concentrically within the diode sleeve, the inner
ported slwoewelioomgsni sing an i nner port in fluid communi eariuseomiosdi2t he

di ode aperture; and WO 2011/ 071830PCT/ US2010/ 059121 a tubul ar outer
ported sleeved wthin which the diode sleeve is received concentrically,
the outer ported sleeve conprising an outer port in fluid comrunication
with the di ode aperture; wher 'nlﬁﬁéhape of the diode aperture, a

| ocation of the inner port relative di ode aperture, and a |l ocation
of thaypULEI1RAN is JuelRtht¥R k0 the di ode aperture provide a fluid flow
resistance to fluid transferred to the inner port fromthe outer port and a
different fluid flow resistance to fluid transferred to the outer port from
t he iqner port | ow control tool of claim9, wherein the

10. The fluid f
di ode ‘aper tAnFlSﬂ‘iogOgBWHC’glérae‘gcllféSrepF%ﬂ}P%“% vortex diode. 11. The fluid flow

control toghowdingh&iuM Bo® inFRid édthinb@EatfAAEH G RetllBoRedridor at ed iner within
whi ch the outer ported sleeve is concentrically received so that a fluid

gap space it@nsfairieaifhedthhatahdbnileiddiqsier f orated |iner and the outer ported
sleeve. 12. The fluid flow control tool of claim9, 10, or 11, wherein a
fluid flow resistance varies non-linearly in response to a |inear variation
in a f2 ui dThesstiiddof ciame , ohefeintnd fluidatisdesis disgoded twigantht kellboveer port and
the outer port. 13. A nethod of recovering hydrocarbons froma subterranean
formation, conprising: injecting steaminto a wellbore that penetrates the
subt eryr ane f i At tSRIMRY i . e
subteﬁfaneggle S%ﬁgﬁﬁgﬂ?ngﬁg %ecelJ?ﬁgﬂ%%kﬁggg%&gﬂ%%?%F%%gﬁﬁﬁ?%gﬂgf%ﬁﬁéﬁ$
hydr ocallborres; wherein at | east one of the injecting steamand the
receiving the flow of hydrocarbons is controlled by a fluid diode. 14. The
nmet hod of claim 13, wherein the receiving the flow of hydrocarbons is at

| east gpart ikl ye@6aVvott ¥aR8S3, ShBein the fluid comprises hydrocarbons produced from a

hydrocarbon formation with which the wellbore is associated.

5. The method of claim 1 or 2, wherein the transferring comprises providing the fluid to the
wellbore.

6. The method of claim 5, wherein the fluid comprises steam.

7. The method of any preceding claim, wherein the fluid diode provides a non-linearly

increasing resistance to the transferring in response to a linear increase in a fluid mass flow rate of

the fluid through the fluid diode.

8. The method of any preceding claim, wherein the fluid diode is further in fluid

communication with an internal bore of a work string.

9. A fluid flow control tool, comprising:
a tubular diode sleeve comprising a diode aperture;
a tubular inner ported sleeve received concentrically within the diode sleeve, the inner ported

sleeve comprising an inner port in fluid communication with the diode aperture; and
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15. The method of claim 13 or 14, wherein the steamis injected at a

| ocation higher within the formation than a | ocation at which the flow of
hydr ocar wo=oii7isscei ved. WO 2011/ 071830PCT/ US2010/ 059r21/US2@0/03he1 met hod
of claim13 or 14, wherein the steamis injected into a first wellbore
portion while the flow of hydrocarbons is received froma second wel |l bore
portion. 17. The method of claim 16, wherein the first well bore portion

and t he secon vvel | bor e e vertical.l ffset fro each ot 18.
The met hod aotP ‘}er%omaﬁ&ﬂé‘? W% "f’li“F%fhevﬁgP‘i)(ﬁog?eé/eﬁ%Feth’dﬁ ﬁ‘%fe{l'i‘i’éh@éé%
wel | b%%r BQ{"téd s@é&vé E@mﬁ%ﬁg Ek%ﬁté%@h M écﬁ?ﬁh@m@ﬁfo‘h'\ﬁﬂﬁthé RRjde %&tul?@t h

associated with a shared verti cal | I bore portion. 19. The nethod of
claim 13, Mhereisa shgpe of theodlosﬂ@ apvmaf¢,e¢ hodahien of ¢lzminnsr peait eclhed ththsudjpde

hyr ot BEane 10Ga Bl ol aSR P A e iF S AR s PR slge eslanee

confi golFiatd t@aihsferr%@ to theeniBepbAdrod thel RikeNpb, anWhTi@érBntaluid GG treQREnRfto TR
fluid diodes is associated with an isol ated annul ar space of the well bore

t hat iteengerediadhe pen poat frgm desrinpyPoly a zonal i sol ati on devi ce.

10. The fluid flow control tool of claim 9, wherein the diode aperture is configured to provide a

vortex diode.

11. The fluid flow control tool of claim 9 or 10, further comprising a perforated liner within
which the outer ported sleeve is concentrically received so that a fluid gap space is maintained

between the perforated liner and the outer ported sleeve.

12. The fluid flow control tool of claim 9, 10, or 11, wherein a fluid flow resistance varies non-
linearly in response to a linear variation in a fluid mass flow rate of fluid transferred between the

inner port and the outer port.

13. A method of recovering hydrocarbons from a subterranean formation, comprising:

injecting steam into a wellbore that penetrates the subterranean formation, the steam
promoting a flow of hydrocarbons of the subterranean formation; and

receiving at least a portion of the flow of hydrocarbons;

wherein at least one of the injecting steam and the receiving the flow of hydrocarbons is

controlled by a fluid diode.

14. The method of claim 13, wherein the receiving the flow of hydrocarbons is at least partially

gravity assisted.

15. The method of claim 13 or 14, wherein the steam is injected at a location higher within the

formation than a location at which the flow of hydrocarbons is received.

16



WO 2011/071830 PCT/US2010/059121

16. The method of claim 13 or 14, wherein the steam is injected into a first wellbore portion

while the flow of hydrocarbons is received from a second wellbore portion.

17. The method of claim 16, wherein the first wellbore portion and the second wellbore portion

are vertically offset from each other.

18. The method of claim 16, wherein the first wellbore portion and the second wellbore portion

are both horizontal wellbore portions that are both associated with a shared vertical wellbore portion.
19. The method of claim 13, 14, 15, 16, 17, or 18, wherein the steam is injected through a fluid
diode having an outflow control configuration while the flow of hydrocarbons is received through a

fluid diode having an inflow control configuration.

20. The method of claim 19, wherein at least one of the fluid diodes is associated with an

isolated annular space of the wellbore that is at least partially defined by a zonal isolation device.
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