WD 2011/ 071830PCT/ US2010/ 059121 FLU D FLOW CONTROL DEVI CE FlI ELD OF
THE 1 NVENTI ON [ 0001] This invention relates wellbore servicing tools.
BACKGROUND OF THE | NVENTI ON [ 0002] Sone wel | bore servicing tools
provi de a prezeppigsf fluid fl ow pat hs between the i nt ®Crars2ap/oshz
wel | bore servicing tool and the well bore. However, fluid transfer

t hrough such a plurality of fluid flow paths may occur in an
undesirabl e and/ or non-honbgeneous manner. The variation in fluid

transfer through the pl uralgt m y be

attributable to variances |F;1 II?'Ihe P EQ)con I'tions ]Tﬁman associ at ed

hydr ocar bon formati on and/ or may be attributable to operational

conditions of the well bore sery @ ﬁﬁ'ﬁbl@s a fluid flow path
Y- pa

_being unintentionally restrict atematter. SUMVARY OF. .
THE | NVENDILDN ['Dﬂﬂﬁ}'dﬁitismiedmesdwdmemelsawmoetmﬁet hod of servicing a

wel | bore, conprising provi W L. d comruni cati on
with the well bore, andtraﬂm(ﬁgﬁg ﬁg{]}ﬁg Nihe fluid diode.
[ 0004] Algoazfi s JopasklBercbRid t8olk bﬁéﬂvﬂle%'pﬂﬁiﬂﬁ? of @k ﬂBqu:Jaths GORIRER fhk Merior
a tubul ar di ode sl eeve conpri S| ng a di odée aperture, a tubular inner

ported 8f Bevelpeeseryisinadeplcenthe eliboye. wilawaver finid tefingfarthequab wech a plarality of
i nner  pogidefhw lpgtﬁyﬁm %@P{{r iR élﬂgm@élgja B&ha/BCkdn- l‘ld?nc]ccleﬁ,o% %Wn'ﬁgt\)aﬂglmn in

wi th the di ode apert out er porte eeved w t hi
whi ch t Reiddiaoefer Ehl@ghehei Bluraétmfvfédd élowq:@ms mhayalbe zytnbtlﬂa‘eleomwauanpurmehh fluid

sl eeve I g, a uid co nlcat di ode
apert urgg]{y?t g?e&n agsﬁ%%t% ok&afcﬁ:ar fl émgll%r 8, M3y I gmj%tﬁ t??gla%onal
i nner postditicdk af ﬂwewetlmotemlvﬁhnogieoamahtasrzeﬂm&rﬂdwapalﬂobaﬁg mﬂnteﬁudnhﬂy restricted
outer port r.el atlve to the diode aperture provide a fluid flow

resi st aR¥ B afer r ansferred to the inner port fromthe outer port

and a different fluid flow regisianeeortad NweNtigpsferred to the
out er port fromthe inner port.
[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 pot.

[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 hydrocarbens 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
froma subterranean formation, conprising injecting steaminto a
wel | bore that penetrates the subterranean formation, the steam
pronoti ng a6 kawoaR3ithydr ocar bons of the subterranean formpcattiserip/ozazi
receiving at least a portion of the flow of hydrocarbons, wherein at

| east one of the injecting steamand the receiving the flow of

hydr ocarbons is controlled by a fluid diode. [0006]Further di scl osed
herein ' . r Y

conpr i st el ghtsPH AR it AP kard S coBfBitaid i B Blrteged q rgpyen
resi st amsstagnd enyry ftome thiellaw uhsmtaomheenluglantye Cloif mgu fled rhte. rl?h@ﬂmdeloaz control tool
greater erred to.the |l qw resi stance entr

1 t.o flui t
o oo TS st E et a beltr HE SISt S M gt PR 6 o posgd leeve

fluid messived awstanti#lyasnepifealledithia thd\@old slkdle DBE DEet paRa sREVEE M Dising an
the high resistance entry fromthe | ow r esi st ance entry at the fluid

mass f | GWeF B andrwéowwoateﬁ Blesvecdipers| SUP%@UE‘%WFWF%@N aEquph thegdiods sleeve,
tubul ar gdi Qe p%he@mge@masa{phahngn%ufu ?91% qmerlﬁﬂe{ gmm Iﬂarhggoc %rdt@ﬂl the low

sl eeve received substantially concentri cal e sl eeve,
t he i nné&pispars Wirysind dheeouses mprtur@ayrty @wciarﬂdemﬂp@p highaeristange omrxerTlpannee@on

st eeve fg F&Q%&%gﬁ&fﬁmﬂhé Aleh Yo fRRESDNT £l d]e/oﬁ&owﬁrﬁséyh& S %edsw%he%e low

the outer-porte eeve Wprising an-ou
be assomsataech guttyh Theedibdesleess msalyamcmoxablenylaamitot the iroet ﬁdSrteﬂCLleteveTaytththe

associated wifh the hi S|sta ce e The. i nner por

Rosoci atey Bt et REmtvle PSS pSRaHEE Gt T 1onh i HBOR B Jhe oty e may
associ abeehostdbie tdngivk GViHeesitGtRREE sRB yhd sbhliattth® detes h@ey@ly MRYm&Rable into
novabl e relative tqQ the inner ported sleeve so that the inner port

may be ADYHEMI® Vit Hedughbtsisonesreniye niherfbid dinde ey degrpbouset wgeaﬁatetmﬂmd
di ode slgeve,NRYRE;s NSRRI E IR bR Hi M elifalden ke er?igta%s%ﬁ%g ?ﬁ@ﬂmd

so that the outer port may be noveabl e |nto aSSOC|at|on W t

resi st aflew cemquoolme be|confggugidod érandst fhéd baswedncanrisuer boregeé ther fatid flaw control
fluid VP{ Fﬂﬁh@ld is transferred fromthe high resistance entry
to the OM/reSIS ance entry. The fluid flow control tool nay be
configured to transfer f BRIEF DESGRHTIGON OMTHE iAW eGSt he fluid flow
control mellbore. RIEF DESCRI PTI OF THE DRAW NGS

[ 0007] F[@ﬁﬁe ﬂ%“ clﬁta: éb\?é%}”adbﬁ? B Xt or la\lflﬁ‘i" FOPIRroebAtselfing to an

t ool acsﬁbahmgub@ﬂ@mn@mﬁmgjnent of the disclosure; [0008]Figure 2 is

a partial cross-sectional view of the fluid flow control tool of

Fi gure 0008 o 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 plane B-B of Figure 1; [0010]Figure 4 is a partial
cross-sect ivomad11wvwse of a fluid fl ow control tool accor diorgsbaonse121
anot her enbodi ment 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 si rrplified schematic view of a plurality of

f1ui d f l[@ﬁsgontl{l rc%?soin 01‘81 5139%{3\% O%O anneCt &d %@ﬁeﬁﬁ%g Iil{,)}a{éo}clt(r)orlrtTc]no"i1 of Figure

portion i Ng aceordi I'ng o
di scl osﬂraelaic[ﬁiﬁbﬁ]alﬁﬂzgwsmﬂce s a cut away view of a well bore servicing

system | a,plural of qudeowcontr tools of Figure 1
and_a pl f} <19 i OFhORnAORTY 81 dig @emlepfélaﬂéodssleswf Figure 8 aslaid
[ 0014] Flogwne,l aﬂ@g@ﬂc@m [ que view of a diode sleeve according to

anot her _enbodi nent of the disclosure;
[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.

b T

[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

”»

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 orfentation. 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 refrievable device.
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WO 2011/ 071830PCT1US20101059121 [0015] Figure 9 is an orthogonal view
of a diode aperture of the fluid flow control tool of Figure 1 as

| aid out on a planar surface; [0016] Figure 10 is an orthogonal view
of a di ode vapearti/omesoof the di ode sl eeve of Figure 8 as lpairdiseuit/osmia
pl anar 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 of a diode aperture accordi ng

Lo ot Re! et SRRELITSRL oF 5 e o S A LORATLE B e

enbodi me&ilocatd fulisetlioded1as iBver part of the wellbore below the downhole tool from an upper part

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
lllustrated 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.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0020] I n the

drawi ngs and description that follow, |ike parts are typically marked
t hroughout the specification and drawings with the sane reference
nuneral s, megpaachinssl y. The drawing figures are not necegIarshdiyota2l
scale. Certain features of the invention may be shown exaggerated in
scale or in somewhat schematic formand sonme details of conventi onal
el enrents may not be shown in the interest of clarity and conci seness.
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pl ug, a packer ermz I SO i'on ooI be used

refer t (bl@t}p@rgira;h@ﬂmdeﬂmdesélbr Inathrsemhoémwbt ef tﬂetuod:éOO thliode apertules 122 are
2011/ 071830PCT/ USZOl 002 u her term:bri

o1 g™ PR SOV MRTtevs yostm Rt uIRe) Grop b SorRigen iy asfose apsfnce by

and set ci@inigSidder aaellaoMﬁéx Pl prigfro Xigng@b bibae epdpraleon? tiieu ghaned 1@sistance
tool from an upper part of the well bore above the downhol e tool. The
term br FRfge! Lﬁowgfﬂ B alirpaive smbedigients b digds ARsTFRS [de wayeomprise any other

retri evﬁﬁlaﬁled:%é{ﬁlgﬁy fok BROMIMS e Qmﬁ@éf?écpon ﬂﬂﬁ tlraﬁsrféﬂied tRi8Ah the fluid diodes 112.
"seal i n? seal i ng engagenent or y raul i c seal are

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 or through the flow restriction and forces all
fluid to beveosdi/nasiced or stopped. An "inperfect seal" wayusefigosoin a
flow restriction (seal) that substantially prevents fluid fl ow across
or through the flow restriction and forces a substantial portion of
the fluid to be redirected or stopped. [0025] The vari ous

character,isti d ove, as ot her features, and

char act &FFERY %’éat%ﬁé”ce E@ﬁ"qa?%eéﬁﬁﬁeﬁae ‘iwlu tE?eqPBWCM IﬂFa?bE cﬁ%d&cﬁpwme 122 may

appar entielimgit tahgpaee gt folRahsi 0 géreeallgr dontdrinlc bive odt e Ehbd Sis Q@Z!Sllﬁ%ome
upon read})gﬁ t he t{(ﬂ | owi_n det ai l ed description of the enbodi men
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enbodi ment_ of the present disclosure. As explained below, it wll be
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Li sted 1 ];b successively radially outward | ocated order, the tool 100

conpri s an innernost inner ported sleeve 104, a di ode sl eeve 106,

an out e[00R9) t eResdreEy fovl BSFig@B4 afd O WaRiaDEs-RUticial Aewé of @k el 10006f Figure
110. The various conponents of tool 100 shown in Figure 1 are
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other, However, in

8 embodlment seals and/or other suitable features are provided to seorecate

the fluid gap spaces 116 of the adjacent and connected tools 100. In alternative embodiments, the
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[ 0029] Referring now to Figures 4 and 5, partial cross-sectional views
of the tool 100 of Figure 1 are showmn with the tool 100 in an
alternative configuration. Mire specifically, while the tool 100 as
confi gured won2dinguss 1 provi des a hi gher resistance to fecaru$dmenster
fromthe fluid gap space 116 to the bore 114, the tool 100" of
Figures 4 and 5 is configured in the reverse. In other words, the
tool 100" as shown in Figures 4 and 5 is configured to provide higher

resi stanc flud.transfer fromthe bore 114 to the flyid gap space, .
156 Gl ombhg e RS er o Gt ol hEpg Shmefnct way st staRle SBGF ro
to the obirectirRahd @oBt160id fliecorthniaftidnt he space defined by the diode

apertur . re specifically, a slit 128 of the outer perforated
liner. ﬁ‘&%ﬁi ng%%ngﬁ%‘wﬁ&&l&l Srvellporererdiingetysisar fQr iashepn ssronligued for

to a spacRuess s rBoovERS: BdtRELBRY §sinkZOsteanDags{lcd g%h?gfaﬂﬁgé (PED) method.
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122. Figy , t . [ Al ' .St

ontry 198 GF RO B R RS 0 BB N el LA N o
t he spaces thef perettatby a tsilgenranaar fopoation1208. Whikean pgactiod 3@ vics rig 202 lisishbwn in

bt woon T LAk Bongiy & Piis: 0D i R pe bt e o B ce

bore 114wclikeebsiblR@by (or bitesiand wellhead tdhipletdViA sbifle ErhBBdiasnts ndyhe 2sd¥BMted
be referr_tﬁd to as 236 "outflow control confjguration” since the fluid
r

di ode 1T W8HRGHr £8° torchon welioghlp mashedrilied it thesybigraneanfprmagion 208
the bor gsidd 4ny BGiQUBNAREG febbtighedi Benkddort RAM O dhee A0 SitantiniyPvdfiGily
bore 114 through the fluid diode 112." [0030] Referring now to Fidure

6, a si AYRY froadthe dprte’s shtfagei Y4 ofr evisriicebingection wellbare grortivg &21Redeviiates from
shown. M | ecl.at e i.n. S . i t ols..10
. competo igladfe R BeCEN 5 o0 P URGRPRALISE FeuchBTpdudtaL
ot her amdisitions o olidrizpnteldnjecitantadlbofe partivel2llhor e work string. In this

enbodi it will be reciated.that tools 100 .are confjgured . so .
Shar ] oTdHBEL ' < e Sysist S0P Bk BGuiHay PR RS FechRur s rilfedie
4, the bengstichldg, @k &otitovil tig)dhf epastticadd b® theWattht s S@i€dte QDN GKd exdten¥e o4, and
in this enbodi nent, seals and/or other suitable features are provided

to segr 8GHPE 2p FETRFP aWEHerSs pat St peectisiostthe subfpaemnt famatienAR®ct While an
tools 1@0rmclith @Ni& Habiy/R sKEWPHI FBRE S, inlsBfe eMBodiments, a service rig 2165 may not be
2011/ 071830PCT/ US2010/ 059121 t ool § 100 nmay be joined together by

t ubi ng, Pkesnk bt rathey, estandert sufaey wellhpabedrapletsan (onbibesudasd wellhiead completion in
connect | - ' - U ﬂ:[guﬁ t4,@n. .Ref i n W
to Fi gulrs%%Hgoﬁﬁt%olﬁ%p%ée%\ﬁ%éé#ﬁgwggs e !;tglg(? OIBS Ts %\%%ge}ilg'?(‘:v ggéqlag}é;%ay be
f or produlédniptcathe/sobtenaeay Erinagorh 9l oday mon suitdble riyillingsteamiguas siihs tekdaction

gravity drain SA! nmet hod. stem 20Q conprises an injection )
Jervi coPHEPaTE cbRgR buhhdhly: RN s BT LR oGrBe B R verical
rig) thaktrdcior @8ilidr® pediod P20 Neeveddst o veMichiagR O BB EaRKE QGME08  over a
and around an injection well bore 206 that penetrates a subterranean

f or mat i B8VigerBextpEiqneweliborepasian ¥ ansk wangidions tg adippizonjalepBugiion pveftbeya partion
7, in some ﬁ'ﬁﬁb@t‘}’éd”@f"ﬁ&‘ RaSEIMEER Wd i "

rather, a standard sur Yace vvéll Ithea\g 1%8% et | o%%%rl&gaeg-@éw&%wgm offset
wel | heaéromdwpental grjedtion syghbore pxtidn Abht Is jsoma ymbedimeste chepostonsi2i h 224 eay be
system 200 1.0 EGE] 206 drilled into the

subt er ra%%gﬁ@%ﬁg&h ngﬁe% uiécllhg)g{eg%gbsoﬁl@eb%gmlﬂri | 1ing technique. The

i nj ecti (039! | borSysRA6 20/t fantlar sethmisan tanainjectivie rwork adtliye @06y (efer, opfotilingion

earth's surface 204 over a vertical injection wellpore portion 210,
Govi at oS RPhHE (CREEFTR of A MOLY; O (PR Pt PAch SOPREREE! T patioy  control
devi at edoafﬁohﬁﬁbﬁ.ogitﬂﬂiﬂ)@@g@e[ﬁQUOic@ﬂlpﬁgeg,anaék@‘a&tfcﬁnﬁ&ki @Mz DI .o, production

hori zontal |njection wellbore portion 214. [0032(1 System 200 further
string/tubing) comprising a plurality of tools 100 each configured in an inflow control configuration,

and

It will be appreciated that annular zonal isolation devices 230 may be used to isolate annular spaces
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string/tubing) conprising a plurality of tools 100" each configured
in an outflow control configuration. Simlarly, system 200 conpri ses
an extraction work string 228 (e.g., production string/tubing)

conpri si ng wo pdiwnalkid y of tools 100 each configured in a@riuzkdioMser21
control configuration. It will be appreciated that annul ar zonal

i sol ati on devices 230 may be used to isolate annul ar spaces WO
2011/ 071830PCT/ US2010/ 059121 of the injection well bore 206 associ at ed

with togls 100' .fromeach ather within the injection wellbore 206. =
S i ar By Do SPHRER S8Rt dab oS b iy e Hherg i 68 njecion
annul ar wgpee 08 SiniRrleXdnhalat 2ddal Welht dQTeRicds B30AnEPEd Al o Wolbfe dnB®hSspaces
100 from.each other within the extraction wellbore 218. [0034] Wil e

~ syst em 2086 Stgeliad, Veiheragby assaciaed it Wrlkigl A0wsomessh ather wathinhbeextraction

206, 218.n8d:ternati ve enbodi nents may be configured differently. For
exanpl e, in some enbodiments work strings 226, 228 may both be

| ocat ed[M034h si ngWailewysteapo?®) is Apscrbatlanbovesdsycompdsing tvad seponteivaiiboref 206218,
wor kst pj ngs. s t : i n-a conmmon. wel | bor.e but
may eac Itextlgﬁégﬁbﬂ%%?i@ag&%n‘{an§§6%£§Ig%%g%/ 15?1 Rol %bﬁltsé)pev\e@mo%l}e@tb work
por t i onstrihgo?ad, 228 acyriorh beldcatediin peinkicomellbtet eAlrahitivelyy veriiei boidhs of the

portions of the B% stri.n 26, 228 may be | ocated in separate
verti caf}voafeﬁtﬁl%rzgg ﬁf’?aé’ﬁggbsl{ﬁzlow lﬁﬂfﬁmﬁ@n MEURRTE gut rﬂayae_aﬁlh‘g?t@% into different
hor i zont@lia®hhd6y Bor@htal GRIbArE pRARAs Font AR &RAMEen Je%E4I R8Ebn. Altematively,
enbodi nents, tools 100 and 100" nay be used in conbi nation and/ or

separ at é?‘fi‘_”tl FOdERt olethe Mok Hangs220he28BrY bolosated irhseaaisurerticahivalbaterportions
confi QUBALHANHAADE Qbcated 1hECRURA h%!*l%:ﬂn?ﬁ v&eﬁg&]etﬂaﬁidfsfel ThRQEE otMhE bR described
inflow control configuration. Sti urther, in alternative

enmbodi membedimaniy tednbPthand KR’ oky beuosed in 0ombinatichGad/onsgpataely woklied fluids to

wthin Q ngst a pluralit f. . wel | hores . .and .
the t ool's aBEE B yE ol 2Rl SBIRNERDR It loecads Bl Bt SEuiRCyin
i sol at eah miflowl cantrelpasfsirationt [Seillvelttdban @Bemithe eatdodingntsSHFG@mMbinatiors G Bols

enbodi S ing at least partially defined by one or nore zonal

Cao at | 5 i, {106 8k 10 Gaagh2 i G REAPAES™ BEIY AL efrifborss and
the inj e@todd10004d 1901 inBPbe ABoddic WaB aRfrent W driBak@RbRited ARnuldipet Bethe
formati on _208. |ntroducing steaminto the formation 208 may reduce

the vi s¥64hass, Bie HHY RYWH de sppopEbediments, baing gt ke pmﬁplésc@eé%/aecébseam or more
t her eby,;&l.| QUL &LR¥d 339 to draw the affected hydrocarbons downward
and into the extraction wellbore 218. The extraction work string 228
may be EME8kd t o Inwpentem staaminmtyde fercediiotoghpingson woxkestring, 226 apd pssadrfeom

di fferepti t to d he .af.f ected. r ocar bons, j,nto the
extract @%r{g({)/% rlﬁ@gibtroi tﬁg(@%ﬁ% ?@%yg?]nntoﬁ%m?%%%m i‘gé?h&rﬁ’gnﬁtip&r%dga{%yoﬁ uce the
may t hevieadsiteof fomefhydppearbont affattetl be texhjeaed stodin, wedrtloniewaikSrand tb 8fad the
a hydroc rb(glr]1 alt Or | grre (ﬂ)evi ce ar‘rk‘d/ or_into a hydrocarhon delivery .
Syst em tiiecied hydrogubdss desinward STg nio e OpE VAIGE ¢ Hat TS TBSPBaYop aing
of tool 228180y bd BRisedBYmAiRaM MBfeina9501@fp1'és§1ﬁ‘§ ger.@,l a PRESR @ffedtid {lti t&H¥s to

work string 228 and injection work string 2 resggectlvely. urt her,

it willdpey Gpsfecehhelioeakans fiptgitee extegdeereiingring 268 snavghr the yeolnf00. The
" on ! ) . .
tool s %wc]a%ns % tﬁ%?eagt%gﬁé ;ﬁg.ohpomg g}&%%ﬁ%oggiﬁgg?iwﬁn% 191'3% ]'&élfo;%/glgoon

of extraction wellbore and 1 nj ection respecti
Accor di stglage devire apd/esiamit a lfidsahibon delivenntyetnl (a¢. espipelaas flewill tegapbretiiatid that

bet ween wel l.bor ok strin ssoci.ated with the well bore .
20117 o7tB3bReHTORB A0 $Bo lh rak Birl o5 i B Bty aien werk suing 225
enbodi nantigjectidhevdrk siritlg 2@ despedtioely) Fuplertit @01 ©f apbReiawattkat StiditA@sferring into

and/or a tool of the string. [[0036]1t will be appreciated that
in some¥BSH Pr{eﬁ?f)g,mﬁ%q%ﬁ P&Ydae%aés[iﬁiﬁéiﬁ &aé%??w&sed%o and/or out of extraction

wellbore 218 and injection wellbore 206, respectively. Accordingly, the present disclosure

contemplates transferring fluids between a wellbore and a work string associated with the wellbore



provide fluid flow control so that resistance to fluid flow increases
as a maximum fluid nmass flow rate of the fluid diode is approached.
The fluid diodes disclosed herein may provide |inear and/or

non- | i near w@siishasse curves relative to fluid mass fl owcratse®o/so121

t heret| u-ough. For exanple, a fluid flow resi stance nay i ncrease
exponentially in response to a substantially linear increase in fluid
mass flow rate through a fluid diode. It wll be appreciated that

such fl resi stance m courage a.mgre hpnogeneous ss f] ow
are i e T i o Beeou Ay e 7 f Bloter RIS RGRT ol TR Graek Sine
contr ol afded a tbOILf tHeOork sfidp. exanpl e, as a fluid nass fIOM/rate
through‘ﬁﬁﬁlrst f|UId di ode of a toql increases, resistance

furtherl

di ode ofdvhe ﬂmhomnﬁmbwﬁem&f@é RPiui® NeWDhEBAed ACWMbIHRHOMIA mass flow
second fluid diode of the tool that may otherw se have continued to

exper i erseohthe i dipdajisdipprigeched| dike flaidediedee disclosesiuginein r@@ Prqvide Kviept and/or
be appr inne t

i odo. aio BAGErH1Bho AR 1 B CRoP P anchdieon i £5: BRBNE, i fow
t o f or mashenéeatyingcade sgpons@ihilipen essponseuo tahsabstarsial e liagariadryast iirg fAtid mass

nner  pOPTAR® GRBR 108 S BUVEP® o Tate SRt Gue Jol T otigae el Sncounge

acconpl siteshérhis @ues @ladsBow edi¢ Bigdiibefion bR ostivamBisemuid &b@és&ﬂ(i%ﬁwlerfﬁﬁd Row
and/ or epox coatln s gﬁglled to the conponents and/ or _an
3

o t abl €5 9HA00. 1 1FD's g caWBBla Aehiud nag%@%weamaw’aqst)é@dww@atool

106 to mﬁeaseanﬁglsteﬁéettsqu&ie@%}eﬁeaaémn RRYIGE nRSCONP IS et Mnd 6AL 1R Ll of
di ode sl eeve 106 and cooling the inner ported sleeve 104. Heating the

di ode shedoel mapingepsa, ticfebyrirgmeniyigaiieye thrieshdd sxtend fleidydode0d thiidok that may
cool i ng e inner
ported Sﬁ%@ﬁ%ﬂ%gé &?&B%ﬂn%kﬁg¥ é%%é &yﬂﬁrunq%%mé ékﬁhmggn assenbly
tol er anﬂlﬁ)Sﬁhy be brvmmhéeaj)prdomtedl thatgmgadneroftthamnbhpmmsm:rbhed ports 120, diode

t ol erance insertion of th orted s| eeve

nto ¢ haeelrid 2y i TR 1BE sl eloe? for iepinii S BB e dBeiore] herein
assenbl guitte, diddres! @AY Eittk@brelatibihip Eekneeeauh@axoa@rsre@& Rleane:ad iV 8f teUhner
with the di ode sleeve 106 bei ng cool ed and the outer ported sleeve

bei ng ha%ﬁtf'éloﬁleemé%}llv%owtw%ﬁkw Ei¥oswi proracemplithed Hirengd dgse sowirol @6 tube
may be gR¥RRL §olkRhak! Yé?smt End/&tCedoR P &oafRRE ?he?ll P A&, Lhe/ 3?%&?12 other

ported sl eeve 108 to al | ow sel ective reco uration of a flu
cont r ol stitsble mehodso Tansamef ¢rohediroents, gisseobhyf pfgtllpaiwct@nslefervg 0o dlust inneported

control fi / I 0 I nfd
oo 1 SRR 7R o QLR R v RN UG S E R o co B SHhA peBl e
configuied Heatingubddibée cladvegds aﬁam:ﬁomﬂymmgastee dindt clRegvet 108i wisile cooling the

novenent of th i od | eeve, 10 rel ve to th nner ofted sl
T4 and PP aTe RO ¢ oK Eg Sy i b Srrorora Seps 104 T Bse enfafzed and

2011/ 0734&3@@%@&&52&1@&%%1%1&5&&@ nf&y od Brovidee VRt k(e kteahlth'eeasae@nmaﬁom rance,

i nner ported sleeve 104 and the outer ported sl eeve 108, or a

conbi natlesRy mkinggnsertion of e inaer perted plagyei 104 insprifsclioderslegve 406G eagier A|sispilar
control RE;QQJS HY% YoeQREP a%&n'iﬂ?é &e?ﬁode%% idau\!vﬂlﬂ'ﬂ%dcﬁﬁefl PBH@d £1éeﬁh%§] but with

di odes | oser to each other or further apart om eac
t he var ﬂ@uisodfelsmvt Wicddmg cotble@alsi thgbléeitm@ltd stegvepeing hededa vari ety of

maxi fmu d f OfN I%R%Ev gr?lgécﬁ } elﬁq t'h %oFie e%gxlfe O}'n%orfygr O('t)\ﬁlbl% 1}3]Iabi}zedto the

conbi natl n of diodes cont rgured T0r TNl ow con
di odes amaf pagted elée\fa)ro401uﬂft1hmwmqmtted)ﬂeev[e Q08 & Alfowndeldetifanetdigiculagon of a fluid

appreC| t ed th | ui d f socj ated wit e fluid .
di odes ‘5’8“ r 3@1 yan dn can FRSA RN TR 34 s"“éféjé’f POl cqpiigyration
to prev Qﬁ&bﬁi&ﬂgﬁ BEHI16H Rohtiol @aﬁﬂdu%ﬁba&@amhw lcontf¥t GOREHURGILY., FéM&ahbldl ©ols

di odes nﬁy BFOVIde flow control® functionality wi t hout~ undul Y
100’ may be configured for such reconfiguration in response to longitudinal movement of the

diode sleeve 106 relative to the inner ported sleeve 104 and the outer ported sleeve 108, rotation of
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[0041] Referring now to Figure 9, an orthogonal view of the shape of

t he 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
or t hogonal wo sm1/0fisiohe shape of the di ode aperture 302 asTh®eao0ssh21

flat on a planar surface is shown. [0043]Referring nowto Figure 11,
an orthogonal view of a diode aperture 400 is shown. D ode aperture

400 is generally configured so that fluid nnvenent in a reverse

directign 40 Xper, her flo i st ance anflu

SOt oD gD NG o By Sl SRELRAF P Rt Pirfs R TOY, or 2
of the tahEhaih théress. O]hiSﬁ]fthmtdltamat%&GelﬁlﬁUdlmddwfaﬁﬁnd Blotvh®@ntrol tool may comprise
above-descri bed ‘;:I]% ctl on @_l‘fferences in fluid fl ow resi stance

[ 0044] REPET P4 [RYCNBHF dipdes: iq diodghmgy Prglgesn A9 caFn SihenPr Burlipigapart from each

aper t ur gtheQhel »%ngﬁlmma diddeder ARBEIL Wt nRQPrévide el bﬁ/m&gﬂmin%lﬁ& ﬁm%chttes
that fluid novement in a reverse direction 502 experi ences highe

fl ow r ediderandegle ehmay GPaIPHB\Aerrarhingtian af diedesencaligied oy inlpwsomtr ODind?éher
apert urﬂulﬁQ@od‘e§c&(ﬁ%ﬁ1¥eF%r§Qﬂowcolﬂ g W th island-like obstructions 506

that interfere wt ow t rough di ode aperture 500.
Qbst rucf®0dfk 506 Mmyll hethat becaphediated timt thedlukdow pathgasadadlgtcd/wttlh\ﬂmmicbcﬁodes
nore of _an mnerg}gorted s| eeve 104. a diode sleeve 1

outer pBPY et SYHEYEL s M nRIY SR i TN CE oM sTH, ‘hpb‘?(gnthIB"%}%%/ dge t©

wel ded piartialiitemnitee jAotdi@idlglyOthe fauid Aivdes pay paside! ey ot functionality without
13, an _orthogonal view of a_di ode

0045] R f Fi
Eiper t Lr gﬂ%@ogngggeaﬁgg i 1@,58@, QF Bow Pat o gsng- | e Aisriatrs icilk epppegiakg that

that fl HieQeHipVﬁ{ﬁﬁrﬁloden Bay BY QlsB8zihE& GlohPR sBlide SRR JaBRC epalh&@i}sxr she fluid
flow resistance than flui'd novenent in a forward direction 604.

aper t ur 8io8@0l l2of dhenreygat derlgsre 11]%3(3“% apgplytelly prryent fuad Gpwtin a@mtléwsr @@@tlon
that i n%ﬁﬁtﬁ%& B%’ytb@ cfo{-‘)ﬁ't!r ?c{ Qzﬂ'ﬂlgleqjeﬂeg% "él%a Eldrtfqvf 919 the ﬂu1d dxodes

Gbstructions 6 o or formed in egr
nor e of d@endlannen a pma:dtleni oﬁﬂméﬂewlﬂﬁmm diod¢sold@ rmiyéaewenﬂgﬁhﬁad taahidwaﬂuﬂmow from
out er ﬁ’ﬂ" d sl ee

wel ded” SMEBREVIRE B et & B R TR GPPp 014 Mot L ine TR g i (i

| east oﬂewefmpﬁlldmmhstameéhﬁgz h2s et agdevishhatdnen324. con&vuﬂsa; th® BBection of fluid

and/ or tr'lrg\glﬂflrlogﬁ;[ 2I1 ﬂu1d diode 112 may depend on operating conditions associated with the use of the
fluid diode 112,
[0040] Referring now to Figure 8, an alternative embodiment of a diode sleeve 300 is shown.
Diode sleeve 300 comprises diode apertures 302, each comprising a high resistance entry and a low
resistance entry. It will be appreciated that the systems and methods disclosed above with regard to
the use of inner ported sleeves 104, outer ported sleeves 108, and 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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of the enbodi nent(s) and/or features of the enbodinent(s) nade by a
person having ordinary skill in the art are within the scope of the
di scl osure. Alternative enbodi nents that result from conbining,

i nt egrati ngyo andbnssom tting features of the enbodi nent pgraLQ0BIEH
within the scope of the disclosure. Wiere nunerical ranges or
limtations are expressly stated, such express ranges or limtations
shoul d be understood to include iterative ranges or limtations of

li ke ma | Lin e _express ed, ranges ,or
1wt gt b atd Bdte 10 SRRl Ve b Sudb e PR3 e apgrpre 3025
greater 1ﬁmantﬁt&&1plm¢dluﬂﬁ&eﬁt shdwn0. 12, 0 13 etc ) For exarrpl e
wheneve rical range_with_ a Iomer an up

“lpas] S

limt, clyips Ry gy lﬁ&hat?e@#*awnﬁlnﬁewf ﬁihﬁd? %“P%‘&@ if shown. Diode

| speci fi gadrhuye Aicsis |ﬂf@1§5@ﬂly doﬂﬂ%ﬁéd b6 tha@fluid tn%e&@ﬁt'&‘ﬁ‘x%m@‘&ﬁ@@c’foﬁ M teRbdYences
t he range are specifically disclosed: R=12414*(Ru-Rl), wherein k Is a

vari abl Sigheifdivn eesistapes thalpﬂn@emvwntlm@ foevad diregiion 04, 1t willthe appreciated that
20111 07 430RFEDSE ORI TP BE E58or ASY £y oS a&ae%egcfasa §50ional

2 percent cent ercen
per cent dlfﬁzenp@nnﬁntdﬂowresxst%:eper cent 96 percent, 97 percent,

er cent Mor eover numer i
per cent o) POREENL, O L0, Res el L SOXEL e OB UTELL Sl %P%a Pipde
di scl os &phrtubiSﬂ)OQfs gbiveallyedonTignged scomal fijid nwviedtes BeSlerse AirRéioneI08 réﬁﬁl%nences
of a clﬂgg&gﬁans that the elenment is required, or alternatively, the

el enent W regianee dianpibiif meverentain %&Wﬂ’é’i digectipn A Qﬁ@ﬁesi‘ﬂ?ﬂ@eo?m is

the cl acffighiea Bf vk AR GakBIKEB R ENRIAS SEOTRF il&fre Wik HALFowARbush diode
havi ng shoul d be understood to provi de support for narrower terms

such as 2pastiss 30 @@Sf@fc‘tm@bﬁ%ﬂ‘eﬁy hegttachicd tt ¢r afoxmzdomwﬂr@lhdw@lmmm smue of an inner
subst anhbi‘?eldl sYee% IOrf‘ C@B gév 108 hzgﬂd)%? AR% %¥ Blrt%t ?gekl{e 9Bs.! ome gn til’Ielgntb
e d b ‘f‘rﬁ oy

by the description’s OVE he "clai s

fol |l ow, obshatnmsﬁ@@maynbd: wellidmgmait]hemqagonmdemt}e imfer pdntbdswbyeemfi mat t er of

t he cl aj and ever ¥ is [ncorporated as further . .

i sc1 0o l3S} e SR e SE et | S SO ERE G P B I A VY Biode
t he preagifurd (EDﬂeimgtlfﬁhllde&ﬁﬁdhé‘dl!:,tﬁﬁlhtoﬂ[m@fmo&elﬁ‘l@ﬁt% an&Rrse MirkdiRn 602 experiences
disclosure is not an adm ssion that it is prior art, especially any

r ef er enBighemilew pesistancs, o 1Ruid ireaycRghteing fapaidhdirestionpp4.y Da%&eean@ftmprﬁog is
appl i catfHyured F6r Qéesﬁltﬁ)fféﬁrﬁ lﬁ(fe HstrudBBheBb ﬂlapg'ﬁ&f&e %Hlﬂu%thntﬁrou@pqmde

publications cited in the disclosure are ere I ncor porate

r ef er enégeriure G0e Obsteystippselitaray qeeaath]smcarfem mtsgralurwiﬁeonermdt@r@ qf anhenel
foll ow ervi,gd n

ol PRARERLL ey SRR BR800,k TBHIP Rl TBEYIGL. S, AL en
wel | bor ebstiactibnt Sthsibe be walgechmfdthﬂr‘dlsbjuhmigh tl-l;ehmqef bcmed sId:b@edE)A. 2. The

met hod odi nent 1, rein the fluid diode is osed t hi
The wel 09455 N TR or rarbiEirentts hiloone oy ets sm i ERgs ringfps moa Heatons
t r ansf esf he gmeodiEEY And/BIMRYIRE of IR elbdiifhenf(OMhidaeyViepekd2aBving rdink skill
met hod of enbodi nent 3, wherein the fluid conprises hydrocarbons

produced fheot &% Jithisc Bientiars of b IdRIofIEh MiPBHIve Hankeejmasey ghaf gesult from
associ at&fbining; inttBRHAR LM 8 @ft&[@féﬂl‘ﬂf@? oL }gj: c%bo%lw% Eﬁ%glsg%thm the scope of

transferring conpfises providing t tot
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, Ry, and an upper limit, Ry, is disclosed, any number falling within the range is
specifically disclosed, In particular, the following numbers within the range are specifically

disclosed: R=R+k*(R,-R;), wherein k is a variable ranging from 1 percent to 100 percent with a 1
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6. The nethod of enbodinment 5, wherein the fluid conprises steam 7.
The met hod of any precedi ng enbodi nent, wherein the fluid diode
provides a non-linearly increasing resistance to the transferring in
response t aw@2011m\83% i ncrease in a fluid mass fl ow rat e pofrushmohiouiid
through the fluid diode. 8. The nethod of any precedi ng enbodi nent,
wherein the fluid diode is further in fluid communication wth an

I nternal bore of a work string WO 2011/ 071830PCT/ US2010/ 059121 9.
Afluid f|OMICOﬂ ) t ubul gr_ di od sl ee

orpr | SPHEL NI e rleRerecht 2°3el ot B, ety HpefeefiOS pRice) getpepercent, 51
recei veﬂemﬁncﬂ’lpd’ld:e(nm |.y9snbérbdng d6herdtng g pelceay el pérbt,i 99NRicepObf €00 percent.
sl eeve rising an inner port in fluid commuynication wth the diaqde

apert ur &loregygr. any numericplyrange dgfipedy by dre el wrehsted AetiednDnhecaborpds also

di ode s %ﬁ%ﬁfﬁalﬂysdﬁﬁgs%ﬂVQﬁe &P E}%QBM l&p@bhmy" Lhe P8 to raeyz teeﬁheﬁ! &%vam means
corrprl S ng an out er pOI‘t I N | uid communi cation with di ode

aper t ur éat the elemeiiéy efqnired, %ab@naﬁﬂeiyhéhedﬂ@a@ta@é@tt @q@edabtptb@ét@m@twe@ﬁaemo

the 'nnaﬁmﬂl%% sdo éafﬂqxaahﬁ g dt‘ejdr&f?i%r RRRL Gdh G c@'@gna%f }é&lﬁ@Eﬁ, ggawﬂiv&g'l%oum

outer port re ve tot aperture provi

resi st ahe endmtcﬁdsto @1¢w®rsspmﬁednalmthehenmmmmh ap ootsisting of, thieistog essepily of,
and a different flu S|sta to fluid t ferred to

outer paid SpRBlisetntoRatafy T AeeqRE, ot it €1 BREEH Fonby B py e
enbodi rrawcnpuonwhem hisove bt 1d uaﬁed Bp @felcliBs that RUGH] tgatrse@etlmﬁmﬂavauoealuaalems

vortex di . 11. The fluid flow control tool of embodi nent 9 or .
further© %g‘ﬁﬁlﬂi’lg‘it ﬁ'&‘“&l ?fetP? giinise Each AR eXfRY AlRd isHneoRparated iy fugther M%EFG into

sl eeve R $OHEEMLA ab@HeYcldifs Gt &AbANENAS ofthE | PidsEntdARABHAC Thi alscussm of a
mai nt ai ned” bet ween the perforated |iner and the outer Ported sl eeve.
reference in 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 dicde.
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.

3. 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 fransferring 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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12. The fluid flow control tool of enbodinment 9, 10, or 11, wherein a
fluid flow resistance varies non-linearly in response to a |inear
variation in a fluid mass flow rate of fluid transferred between the
i nner port vamdoihmssut er port. 13. A nmethod of recoveri ngT/US2010/059121
hydr ocarbons from a subterranean formation, conprising: injecting
steaminto a well bore that penetrates the subterranean formation, the
steam pronoting a fl ow of hydrocarbons of the subterranean formation;
and recgivin t.Least a.portion.of the flow of hydrocarbons;

wher ei n%at I%afgutldgcr’l‘gC%?ncilﬁoéﬁ’icﬂ’jng%ﬁlgng steam and the receiving the

fl ow of hydroamuhodisdt Seserbbpliditch diydeapbiiied di ode. 14. The net hod
of enbodi nent 13, wherein . the receiving the flow, of hydrocarbons is

at |east par Rl ingerRAred slevejreqeigd concgnuigally witinBig dide slptselthginger pogted

or 14, vle/Rbmpkififs it MAR fof ih AhRChAthulcafon WERkE bdB LGk Wid hi n the
formation than a location at which the flow of hydrocarbons is
received. 18 Wbpig opier Reyepdadecsrrbyithiparitichl Be giodg sleevenie meseived hencsntdeally, the
isinje ' fi ' ' : f -

nyclr obas ban " eA SeBecobsiE h BLoR3h Bl Lol R ) B o e

met hod of enbbdimmenthap6 of ihe diede apérend, iar Bratival ¢fhtbe énneo pbit oelathrediot the diode
second | | bore rtioncare vertically offset fromeach.other.. WO,
2011/ 07 SEUBCRUBBHR O BEDRT Rt e ok B pEEfisciir et H‘i‘%,ﬂ"_w resistance
wher ei ntd fhid friafissérradab kieanger poft ttfoantha Rdtet pért SRCOHiteed 1108 FlewReNidtinde to fluid
are both harizontal wellb retﬂfqrtions that are both associated with a
shared {apsferego IOPGBP@T%E‘J‘P ORI PES:  The net hod of enbodi ment 13,

14, 15, 146, Tifs n@E ddv MR &ol of BRLSIiIRAMN I, ﬁwﬂemi@ﬁ‘feetﬁoaehﬁﬁ%{ﬁ@ i§c$ﬂﬂéiuféd to
di ode having an outflow control configuration while the flow of

hydr ocaP®sié aiverteedieds/ed through a fluid diode having an inflow
control jgonf gkl M8l 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 steamn 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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20. The nethod of enbodi ment 19, wherein at |east one of the fluid

di odes is associated with an isol ated annul ar space of the well bore
that is at least partially defined by a zonal isolation device.

CLAI M5 Whatwowoiechassn as our invention is. 1. A nethod @icTasembosngy a
wel | bore, conprising: providing a fluid diode in fluid conmmunication
with the well bore, wherein the fluid diode is disposed within the
wel | bore; and transferring a fluid through the fluid di ode 2. The

nmet hod cl I [ h ra e rlse n
£1 ui d f(rf%m tﬁw}“ ?a&b&a& o s Wﬂ?‘Iﬁ%‘ thy W2{Thers BGigh AT fiey e nPw[ﬁllaow
conpr i seertiy dredotr izoiasntplrodiborc ok ticosiat hydbmmagobmmdfvﬁﬂfmihnﬁﬁ véticdl wellbore

whi ch the well bore is associated. 4. The nethod of claim 3, wherein
the trafR¥¥8Fring conprises providing the fluid to the wellbore. 5.

The et hod Oﬁ‘h&héﬂlgdéfemfﬁéﬂﬂ 18, hler id,ubdiceny, %@&IM@Q% ISQHJCa-thhrouch a"

method of claim!, wherein the fluid diode provides a non-linearly
i ncr easflfld dieds Byvirgcan cutfiowecantrahsqrdicpiation il ek Bpw eof thydepcpibpresals received

h?gagasamb@haaﬂlﬁ&aﬂdmbunqma@&&m!afcotnhgm%ﬂ it d through the fluid

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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7. The nethod of claim1l1l, wherein the fluid diode is further in fluid
comuni cation with an internal bore of a work string. S. A nethod of
servicing a wel |l bore, conprising: providing a fluid diode in fluid
comuni cation with the well bore; and transferring a fluid through the
fluid diode wherein the fluid diode is provided by a fluid flow
control tool, conprising: a tubular diode sleeve conprising a diode
aperture; a tubular inner ported sleeve received concentrically

wi thin the diode sleeve, the inner ported sl eeve conprising an inner
port in fluid conmunication with the @iABd aperture; and a tubul ar
outer ported sleeved within which the diode sleeve is received
concentrically, the outer ported sleeve conprising an outer port in
fl uid conmumihg &t dadmaswirinkentida@: di ode .aperture;..15 wherei.n a shape of. .
t he di ode aperture, a location of the inner port relative to the

di ode aperture, and a location of the outer port relative to the

di ode apert YinGneMbdYiedRinda deliddleodhiQy. resi stance to fluid transferred
to the inner port fromthe outer port and a different fluid fl ow

resi stance providing gyl diodeain 8ficoommulicdtion ith éhe welibazs, whpein the fluldaivid ifvispds@R@Nin the
port. 9. ThHdbPHewmRod of claim8, wherein the diode aperture is

configured 5OV vort ex. di ode. 10. The nethod of claims8,
wherein theE§Tuﬁ ?qﬁﬁﬁ%%ﬁ?%§?”%b0| further conprises a perforated

liner within which the outer ported sleeve is concentrically received

so that a fluid gap_space is maintai ned between the perforated |iner
and t he out % F‘ heﬂ‘BgTdé)Efla'gT Je év{]):ézln the transferring comprises removing the fluid from the wellbore.

3. The method of claim 2, wherein the fluid comprises hydrocarbons produced from a hydrocarbon formation
with which the wellbore is associated,

4. The method of claim 3, wherein the ransferring comprises providing the fluid to the wellbore.
5. The method of claim 4, whercin the fiuid comprises steam.

6. The method of claim I, wherein the fluid diede provides a non-linearly increasing resistance to the
transferring in response to 2 lincar increase in a fluid mass flow rate of the fluid through the fluid diode.

7. The method of claim 1, wherein the fluid dicde is further in fluid communication with an internal bore of a
work string.

8. 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 wherein the fluid diode is provided by a fluid flow control tool,
comprising:

a tubular diode sleeve comprising a diode aperture;

a tubular inner ported sleeve received concentricaily 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;
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11. The method of claim 10, wherein a fluid flow resistance varies
non-linearly in response to a linear variation in a fluid mass fl ow
rate of fluid transferred between die inner port and the outer port.
12. A method of recovering hydrocarbons from a subterranean
formation, conprising: injecting steaminto a wellbore that
penetrates the subterranean formation, the steam pronoting a flow of
hydr ocar bons of the subterranean fornmation; and receiving at |east a
portion of the flow of hydrocarbons; wherein at |east one of the

i nj ecting stszinagiver of i ﬂﬂ@ewrv,langtutnhéthefl#ng\mroﬂathytdmo@m 1peOns, abds: location of
control | ed B§ousr Foft gpative ¢iths digde aporpue proyiden fyid fitvorekisoice © Piaid trmskRed tottpdmepont t he
recei ving t A& P YW 261 "AGUFERAr DTSt Midiamsiongy tortheiostr boyt fign iy egport.
~assisted. 14. The nethod of claim 12, wherein the steamis injected
at a location hi gher within the formation than a | ocation at which

t he fl ow of %Aydrethednf foms wherintgdiedewedure is hifigurdhepravigé hodkx @bae.cl ai m 12,
wherein the steamis injected into a first wellborc portion while the
fl ow of hydrocarbons is received froma second well bore portion. 16.
The net hod of Ti6 hathodotkRim 8GR Ok d 8w EohtFoPibol WRkel R3RrRes PRI Mne AN WG
second wel | beosuer o blbeodls ciceniriay feicBailsh ot OffaslH spekd IOMBiRRER el LNBY perforaed -
The net hod Urkragd Beonerb&tedsder ein the first well bore portion and the
second wel | bore portion are both horizontal well bore portions that
are both associated with a shared vertical wellbore portion. 18.

The met hod of 116 hatedbikRim 19WREES Ahuili By SEERMES ndn rUleQS!tmqg oggggoqldlg»g' 1al¥onl'“ d
di ode havi n@aﬂlﬁd1%&1’]‘0*]ﬂWoﬁQﬂiﬂnQ‘an@&ﬂl@dn@Ufnﬂboggnd\M@b tePp rat'tlr'I l'ow o

hydr ocarbons is received through a fluid di ode having an infl ow
control configuration. 19. The nmethod of claim18, wherein at |east
one of the {3 t h.an.i sol ated annul ar space
of die well %ofg%oﬁgfgﬁgln%%déﬁ%%% b"?&”é’?ﬁ‘e n%an fOHT]e’I"m] mc]fmn)? a zonal

i sol ati on diejwitimeteam into a wellbare that penetrates the subterrancan formation, the steam promoting a flow of
hydrocarbons of the subterranean formation; and

receiving at lcast a portion of the flow of hydrocarbons; wherein at least one of the injecting sleam and the
receiving the flow of hydrocarbons is controlled by a fuid diode.

13. The method of claim 12, wherein the receiving the flow of hydrocarbons is at least partially gravity assisted.

14. The method of claim 12, wherein the steam is injected at a location higher within the formation than 2
location al which the flow of hydrocarbons is received.

15. The method of claim 12, wherein the steam is injected into a first wellbore portion while the flow of
hydrocarbons is received from a second wellbore portion.

16. The method of claim 15, wherein the first wellbore portion and the second wellbore portion are verfically
offsct from each other.

17. The method of elaim 15, whercin the first wellbore portion and the sccond wellbore portion are hoth
horizontal wellbore portions that are both assaciated with a shared vertical wellbore portion,
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20. A nethod of servicing a wellbore, conprising: providing a fluid
diode in fluid communication with the wellbore; and renoving a first
fluid fromthe wellbore via the fluid diode, wherein the first fluid
conpri ses hydrocarbons produced froma hydrocarbon formation with
which the well bore is associated; and , providing a second fluid to
the well bore via the fluid diode. 21. The nethod of claim 20, wherein

the second fluid conprises steam

18. The method of ¢laim 12, 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.

19. The methed of claim 18, 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.

20. A method of servicing a wellbore, comprising:
providing a fluid diode in fluid communication with the wellbore; and

removing a first fluid from the wellbore via the fluid diode, wherein the first fluid comprises hydrocarbons
produced from a liydrocarbon formation with which the wellbore is associated; and

. providing a second fluid to the wellbore via the fluid dicde.

21. The method of claim 20, wherein the second fluid comprises steam.
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