WO 2012/ 074678PCT/ US2011/ 059631 A DEVI CE FOR DI RECTI NG THE FLOW OF A FLUI D
USI NG A PRESSURE SW TCH Techni cal Field [0001] A device for directing the
fl ow of awbl2ai2h7e&spr ovi ded. I n certain enbodi ments, theciascae/osm3used in
a system having at |least two fluid passageways with a simlar back
pressure. According to an enbodi nent, the systemis a flowrate regulator.
According to anot her enbodi nent, the flow rate regulator is used in a

for directing ¢ Lﬂi’@&@fgﬁ%ﬁ!@@%ﬁg&@ﬁﬂﬁg SRR er n Pirer
fluid passageway; a pressut®ISGuAIREMNERE SVAECE e switch, wherein the

first fluid passageway operationally connects at | east the pressure pocket
and the pressure source, and wherein the pressure switch is positioned

adj acent to the pressure source. In sone enbodi nents, depending on at |east
one of the properties of the fNﬂahnidaifEﬂdmﬂthat flows into the pressure

pocket changes. _According to these enmbodi ment s t he east on_ of . the
properti esntg)fe0 He fluid are €& @5 o %ﬁjﬂ Yithe f1ow

rate ofs thefildid i npa g8aend fénw&ﬂ@ﬁ%ge% ctéaﬁlae SL%OSJSI@@ afy the fluid,

and the density of the fluid. [0003] According to another enbodi nent, the

shape system having at least two fluid passageways with a similar back
pressure. According to an embodiment, the system 1s a flow rate
regulator. According to ancther embodiment, the flow rate

regulator is used in a subterranean formation.

Summary

[0002] According to an embodiment, a device for
directing the flow of a fluid comprises: a pressure pocket; a
first fluid passageway; a pressure source; and a pressure
switch, wherein the first fluid passageway operationally
connects at least the pressure pocket and the pressure source,
and wherein the pressure switch 1s positioned adjacent to the
pressure source. In some embodiments, depending on at least one
of the properties of the fluid, the fluid that flows into the
pressure pocket changes. According to these embodiments, the at
least one of the preoperties of the fluid are selected from the
group consisting of the flow rate of the fluid in a second fluid
passageway, the viscosity of the f£luid, and the density of the
fluid.

[0003] According to another embodiment, the shape
0of the pressure pocket i1s selected such that: as the flow rate
of the fluid in the second fluid passageway decreases, the fluid

increasingly flows into the pressure pocket; and as the flow



of the pressure pocket is selected such that: as the flowrate of the fluid
in the second fluid passageway decreases, the fluid increasingly flows into
t he presswoeoparkes; and as the flow WO 2012/ 074678PCTPUSAB2MN0586881 rat e
of the fluid in the second fluid passageway increases, the fluid
decreasingly flows into the pressure pocket. [0004] According to anot her
enbodi nent, a desired flowrate of a fluid is predeterm ned, and when the

flow rate of.the flui.d. i.n second f] ui.d .passageway decreases bel t he

br edet ot fd Prio Ve LR o I Tohor Hel Ao T Crt S o S e
pocketr 1compaTRd 40 Wher, thesfd awdateOofpddhesddelighdurd.he second fluid
passageway increases above the predeternmined flow rate. [0005] According to

anot her entdfi%fent, a f1 oW GAE Y H I IR RRE devides iFed
eeaaang, 1 d |0 Bl UL ARG I DESARIet At d i §

passageway; and a fourt I'ui d passageway, ‘wherein as at l'east one of the
pr opertttices lofi d hien fd Wetk cclvanges,d trhes fdadvd o hietc fdaomss irtlowt héwepr essur e
pocket changes.. Brjef Description of thg,Fi%yres [%906 The featur$§ and
advanﬁ&ﬁ??@ﬁrqﬁ$¥%i ow rate, the fluid Increasingly flows intc the

pressure pocket compared to when the flow rate of the fluid in
the second fluid passageway increases above the predetermined
flow rate.

[O00O05] According to another embodiment, a flow rate
regulator comprises: the device for directing the flow of a
fluid; a second fluid passageway; a third fluid passageway; and
a fourth fluid passageway, wherein as at least one of the
properties of the fluid changes, the fluid that flows into the

pressure pocket changes.

Brief Description of the Figures

[0006] The features and advantages of certain
embodiments will be more readily appreciated when considered in
conjunction with the accompanving figures. The figures are not
to be construed as limiting any of the preferred embodiments.

[0007] Fig. 1 is a diagram of a device for
directing the flow of a fluid.

[0008] Fig. 2 illustrates a fluid increasingly
flowing into one cof two different fluid passageways.

[0009] Fig. 3 1s a diagram of a flow rate regulator
comprising one embodiment of the device for directing the flow
of a fluid.

[0010] Fig. 4 is a diagram of a flow rate regulator
comprising another embodiment of the device for directing the

flow of a fluid.



enbodi ments will be nore readily appreci ated when considered in conjunction
with the acconpanying figures. The figures are not to be construed as
limting woporforadre preferred enbodi nents. [ 0007] PCE/US201A3W3Li agr am
of a device for directing the flowof a fluid. [0008]Fig. 2 illustrates a
fluid increasingly flowng into one of two different fluid passageways.
[0009] Fig. 3 is a diagram of a flowrate regulator conprising one

enbodi nent t.he device f ectln e MlOf a fl.uid. 010] Fi 4 is
S Sy am dog i oYL oS e S e s D e i et S5 The
dEViCQMEQkﬂﬁHﬁﬁﬁmﬂumtﬂHté'ﬁ@@dﬂéﬁbﬁélﬂéﬁlctea in Figs. 3 or 4.

Detailed Description

[0012] As used herein, the words “comprise,”
“have,” “include,” and all grammatical variations therecf are
each intended to have an open, non-limiting meaning that does
not exclude additional elements or steps.

[0013] It should ke understood that, as used
herein, “first,” “second,” “third,” etc., are arbitrarily
assigned and are merely intended to differentiate between two or
more passageways, 1inlets, etc., as the case may be, and does not
indicate any seguence. Furthermore, it i1s to be understood that
the mere use of the term “first” does not require that there be
any “second,” and the mere use of the term “second” does not
require that there be any “third,” etc.

[0014] As used herein, a “fluid” is a substance
having a continuous phase that tends to flow and to conform to
the outline of its container when the substance 1s tested at a
temperature of 71 °F (22 °C) and a pressure of one atmosphere
"atm™ (0.1 megapascals "MPa"). A fluid can be a liguid or gas.
A homogenous fluid has only one phase, whereas a heterogeneous
fluid has more than one distinct phase.

[0015] 0il and gas hydrocarbons are naturally
occurring in some subterranean formations. A subterranean
formation containing ¢il or gas 1s sometimes referred to as a
reservoir. A reservoir may be located under land or off shore.
Reservoirs are typically located in the range of a few hundred
feet (shallow reservoirs) to a few tens of thousands of feet
{ultra-deep reservoirs). In order to produce o0il or gas, a

wellbore is drilled into a reservoir or adjacent to a reservoir.
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WO 2012/ 074678PCT/ US2011/ 059631 [0011]Fig. 5 is a well system containing at
| east one of the flowrate regulators depicted in Figs. 3 or 4. Detailed
Descri pt iwo 2p002478s used herein, the words "conprise, " PCmaseqri/os¢eac| ude, "
and all grammatical variations thereof are each intended to have an open,
non-limting nmeaning that does not exclude additional elements or steps.
[0013] It should be understood that, as used herein, "first," "second,"

“third," et re arbitrarily assigned . and are nerely .intended to
di fferenti a[tCUeglb@t ween tvvoabrw% é;aﬁés]%glé‘\é%/s,Njitﬁ?)éltecs?il&lct.a%lé%“t le' case
may beyiigndydoesyatelr i i catie Anyprsequence.a kEtiherdmr &0 idrddideo Jia

understood that the nere use of the term"first" does not require that
t her e We Ffy I'SSEEGITE 2L lahd aife orst & use of RIEiUEr M seddnd” e %ot

requi ne thaf there be any " I{isd," eLc [o%%l%]égiﬁé%"e?. herein &, Jlud is
a substance 'having a conti nuous phase that tends to flow and to conformto
t he odutrldIneieofvdnts cadnt dirmdri nshign arite Isulistcancd i ttestred atnda ittenper at ur e
of 71 F (22 C) .and a pressure . of one atnosphere "atni (0.1 negapascals
"NPa® e KA cark B8 G (Ui O TG, | A hORSGerBUS e Bl yone
phase wwheneas - a hetieregenegus-ddd4,d has amf eddanonedisting phase.
portion of the wellbore. As used herein, “into a well” means

and includes inte any porticn of the well, including into the

wellbore or into a near-wellbore regicn via the wellbore.

[0017] A portion of a wellbore may be an open hole
or cased hole. In an open-hole wellbore portion, a tubing
string may be placed into the wellbore. The tubing string

allows fluids to be introduced into or flowed from a remote
portion of the wellbore. In a cased-hole wellbore portion, a
casing is placed into the wellbore which can also contain a
tubing string. A wellbore can contain an annulus. Examples of
an annulus include, but are not limited to: the space between
the wellbore and the outside of a tubing string in an open-hole
wellbore; tThe space between the wellbore and the outside of a
casing in a cased-hole wellbore; and the space between the
inside of a casing and the outside of a tubing string in a
cased-hole wellbore.

[0018}] A wellbore can extend several hundreds of
feet or several thousands of feet into a subterranean formation.
The subterranean formation can have different zones. For
example, one zone can have a higher permeability compared to
another zone. Permeability refers to how easily fluids can flow
through a material. For example, 1f the permeability is high,
then fluids will flow more easily and more guickly through the
subterranean formation. If the permeability is low, then fluids

will flow less easily and more slowly through the subterranean
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[0015] Q| and gas hydrocarbons are naturally occurring in sonme subterranean
formations. A subterranean formation containing oil or gas is sonetines

ref erred wo 2002/4678servoir. A reservoir may be | ocated woaars20ia08068r of f
shore. Reservoirs are typically located in the range of a few hundred feet
(shall ow reservoirs) to a few tens of thousands of feet (ultra-deep
reservoirs). In order to produce oil or gas, a wellbore is drilled into a
reservoir Qar. adja%Fnt to a resgivoir. \O 2012/%&6§78PCT/U82011/059631

[ 001618 Wa 1 Chn i (dE ™ Rt Fout® 1Tt at iF6n S & 120 gas™ Wat er, or

i nj ectdupt eveldne A Weldnused tig pr aduee @i lo,orsgas s general ly referred to
as a production well. As used herein, a "well" includes at |east one

wel | bore. AQGI%lbore can ifrdliude WFEAIaIon iRAGaed Sand thord Z6rrdn
port i ai, lagl“%{,c%es%{w%ﬁ}faa't%htbe ‘io%‘égxdcea%l%fn & 8d; A% uned herein, the

term'w‘;‘ﬁ ore"™ includes any cased, and any uncas open- hol e portion of
t he wellliar.e. FAs usedhdiereiwytey nirmduoeldy ineansranditancl (4ides i nto any
portion of the well, including into the wellbore or into a near-well pore

r egi ol VASE i @Wl@dr e.° pfog%c{%jofﬂ%qu“ﬂtihor? oF WE1S borE iR %@an open

hol e ari.caped hpl €5 nyanRPReRhel.emeld bore pert N cra tuRing &g ing may
be placed into the well bore. The tubing string allows fluids to be

i nt r oduced! ivitid coroifll owed Her oiasa reshvtlelipbr t ilon wft tahve Miesld Isoreeielen a
cased-hal e wel.| bqr.e port.ion, casi i s _placed inta-th l.I bore which can
al so cont grfan{ abet %l%llené}esstlrﬁeﬁjg.ﬁ,&llﬁl’ﬁr}%olree “%at%crcéarﬁ&;iogllar?efae\r,l\ﬁcu Us. Exanpl es
of an wudiusd maluide, ki iar egetfildinlt ed oddre: spade thatavesh Hie
wel | bore and the outside of a tubing string in an open-hole wellbore; the
space B3t He Wiel 1350 SsidP e outside of a casing in a cased-hol e

wel | bore; anrbdogye space between; the Jhside of- A La5ipeand dhe quf side of a

tubing string in a cased-hole wellbore. [10018] A wel | bore can extend several
hundr eds) eoft fogetwedrl severa uswwusamdgiadferf datodditry .a $litear ridmeghing

format,i on. The s betrer‘r anean formation can have dl‘ff%{)ent. Zanes. qu 5

18  where wa i1s 1hjectad anto ¢ e58%Volr Lo dl ace T
exanple, one zone can “have & igher per reabi |r”[y conpared o' andt'er” zone.

Per meafid idhat efeey sido rawweas |aufing ds ieanf lrewdhraudba dmmterd.al . For
exanple, if the perneability is high, then fluids will flow nore easily and
nore dliscRI3FSthr Hfe U ricanes f aineEticon: LY fFafeperdRealil ithe i s

low, then iyl ds, w 1d. iJ.ow il ess easidy-and mye gl.owyhrough it he
subt erranean WO 2012/ 074678PCT/ US2011/ 059631
[06021] In addition to the problem of undesired
fluid production during recovery operations, the flow rate of a
fluid from a subterranean formation into a wellbore may be
greater 1n one zone compared to another zcne. A difference in
flow rates between zones in the subterranean formation may be
undesirable. For an injection well, potential problems
associated with water flooding technigues can include
inefficient recovery due to variable permeability in a
subterranean formation and difference in flow rates of a fluid
from the injection well into the subterranean formation. A& flow
rate regulator can be used to help overcome some o0f these
problems.
[0022] A flow rate regulator can be used to deliver
a relatively constant flow rate of a fluid within a given zone.

A flow rate regulator can also be used to deliver a relatively
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formati on. One exanple of a highly perneable zone in a subterranean
formation is a fissure or fracture. [0019]During production operations, it

i s commorwban12a4eredesired fluid to be produced al ong wpPCh/ush@186%8t ed
fluid. For example, water production is when water (the undesired fluid) is
produced along with oil or gas (the desired fluid). By way of another
exanpl e, gas may be the undesi red quid while oil is the desired fluid. In
yet anoth X y be t.h sired fluid while water and oil are
e GG e AT (0 Bendiie) ATt Calied ad s AR ¢ Ao ndest red
flui d asmRossi bl & i0020)DWAN G s ecandarih LoV el Yy0peftd GRS,z an injection
wel |l can be used for water flooding. Water flooding is where water is

i nj ectleFatitd tive regeriidiqutas digisl -acédlwid Wrargasia Had e ot duced
Qur L NG LY I SEMMALI0RCTALI NS s The WRLAL LA e LU an Ml

physi ca y sweeps sone o the remaining oil or iIn servoir to a

pr oducitri anme]Jbore at Jr02Hdat iaddiftdromrteo zm mmblaemtofemnﬁeﬁﬂraenbrfl uid
production during recovery oqperations, the flowrate of a fluid froma

subt erT4hé&%n et it &R we ity BE greaterh F 9né zone conpared
to anofherezone..Adifference in flow rates between zones in the
subterranean formation may be undesirable. For an injection well, potential

probl ens as¥E3ted with atervel sisdiiig tfél,fhrﬂlqlife@lé% tityge | UGy iafefd i ci ent
recovqfrlxllq:{.l%se? vc%ral ggse 4 erprgsefaﬁ | Ir:ft yto ﬂaﬁ]eubt %r nearn f(grlr@a}'tht (%n and

di fference i owrates o fTom |njec ion we
subt erdianean ey mMatdwof AHd dwuiat & neguwwat ofi fifar e used d o hel p over cone

sone of these problens. [0022] A flow rate requl ator can be used to deliver
a rel 95 9F " Eorst afCIIGW Yatte o £ dSH hltﬁ‘eadcﬁﬁ/‘é%*? Zone-CTA Fi%w rat e

regul atpry can@hsohe dised to;Helimer B elaliv el sageways have a
similar back pressure. In ancther embodiment, the system is a
flow rate regulator. As used herein, the phrase "similar back
pressure” means that the back pressure of the two different
passageways is within +/- 25% of each other, is within 25
pounds force per sguare inch (psi) of each other, or is within
25% of the total pressure drop through the system. By way of
example, the two different fluid passageways can have a cross-
sectional area that is +/-25% of each other when the length of
the passageways are the same. By way of another example, if the
cross-sectional areas are different, then the lengths of the two
fluid passageways can be adjusted such that the back pressure is
within +/- 25%.

[0024] According to an embodiment, a device for
directing the flow of a fluid comprises: a pressure pocket; a
first fluid passageway; a pressure source; and a pressure
switch.

[0025] The fluid can be a homogenous fluid or a
heterogeneous fluid.

[0026] Turning to the Figures. Fig. 1 is a diagram

of the device for directing the flow of the fluid 300. The
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WD 2012/ 074678PCT/ US2011/ 059631 constant flow rate of a fluid between two
or nore zones. For exanple, a reqgulator can be positioned in a well bore at
a | ocati omof2or2/g4¢rarti cul ar zone. Mre than one regul at ecTasrobaswsed for a
particular zone. Al so, a regulator can be positioned in a well bore at one

| ocation for one zone and another regulator can be positioned in the

wel | bore at one location for a different zone. [0023] A novel device for

directjng the flaow of fluid uses changes iJy,pressure tao.cause a pressure
o ot oo W s b R P T T35 Prerenc i
passagewaysie ACL IO NGty b odiureid ,3d3)e ARVILe s fidfe USE Hdh a system

where the two different fluid passageways have a simlar back pressure. In
anot he¥®%enbddi R @ Sy stfemA e S8 FW A 't §RdTdt 6r VoASigsed herein,

h " sy | . f
the phnase . siJ0 abascé&u%rt‘?%;%‘ér ‘ivlhe’%g(')}?ﬁ %attr\%&glt gk, Prassweof. fhe two

di fferent passageways 1S Wt eac er, 1s wthin 25 pounds
f or ce quemisgusar e T Ipepsivreofpeacdt @dlercarorthave w tihins 2 5%eofirtche8 tlot al

pressure dr t hroygh t he system B of exanple, the two different

P ot 0 e e Bncly s ot v e s Xe oo mn T oF st SRR EbY each
ot her jwhen trhe Jenglh ofuitheRassrgewayspar e the samoBmamy, afhanot her
exanple, if the cross-sectional areas are different, then the |engths of

the twaaHUI passagewesys < ar de adUsteed such wdratthche Iiadk qpegsisure i s
W thi g4/ - aZJgL%%q l[}:?%yga'%\cec.%i%n{égcetro A1 emadi Q{‘t{io% ds V'tt%%f fs%rcgqnlc{ ecting

the flow o conprises: a pressure pocket; a firs |'ui d passageway;
a presswre rspBIe; andcaduinres sur esrswinttehlinfd@i25]aFhetf | tcamdefa the
honmogenous fluid or a heterogeneous fluid. [0026] Turning to the Figures.

Fig. PH¥S ditsgrdmdre thé idevitcd For diftfectlitng! tHe ¥ ITow'st t™Hé 4 d 300.

The pressure pocket changes. Preferably, the at least one of the
properties of the fluld is selected from the group consisting of
the flow rate of the fluid in a second fluid passageway 202, the
viscosity of the fluid, and the density of the fluid. The fluid
that flows into the pressure pocket can change. The change can
be that the fluid increasingly flows into the pressure pocket.
The change can also be that the fluid decreasingly flows into
the pressure pocket.

[0027] According to an embodiment, the shape of the
pressure pocket 301 is selected such that: as the flow rate of a
fluid in the second fluid passageway 202 decreases, the fluid
increasingly flows into the pressure pocket 301; and as the flow
rate of the fluid in the second fluid passageway 202 increases,
the fluid decreasingly flows into the pressure pocket 301.
According to another embodiment, the shape of the pressure
pocket 301 is selected such that: as the flow rate of a fluid in
a second fluid passageway 202 decreases, the ratio of the fluid
entering the pressure pocket 301 to fluid in the second fluid
passageway 202 increases; and as the flow rate of the fluid in
the second fluid passageway 202 increases, the ratio of the

fluid entering the pressure pocket 301 to the fluid in the
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WD 2012/ 074678PCT/ US2011/ 059631 devi ce 300 includes a pressure pocket 301,
a first fluid passageway 302, a pressure source 303, and a pressure switch
304. As uwoeadotra7ed7a, a "pressure pocket" neans a vol unePsuuseundesiby a
structure, where the structure has at | east two openings. The pressure
pocket 301 can have a first opening 311 into the first fluid passageway 302
and a second opening 310 into the second fluid passageway 202. In an

enbodi nent , . tg‘%.sh%fe of the [yo%s?s re pocket 301 can ir#”lcl ude the first
openi g FTL Havitty HWE Same di%arret s and Cross s et 6 s S$he second

openi RGP ARG oG Hapean feredigrenisu s icdeaadoone ofithea furoperties
of the fluid changes, the fluid that flows into the pressure pocket

changé®urpisstergBlyEUlite &F |Sddsiome loflnt e ancopertices iclundfe F1AW ¢ i s

sel ect rom.t o] %gpvsiﬁ)tli f JSd0w. rate ‘ flduidy b a
seconﬁ%lled@pae%%é%rgv\g% 02, the@%tgcaoglﬁly go]T \Q{tifrlg)tflpgjifcé%et{gsng%gi é%nsi ty of
the fludedi. The fluid that flows into the pressure pocket can change. The
change can that the fluid increasingly flows into the pressure pocket.
The ehange GH7H 50 be ¢ hatc e I dutHUS RGP TIIE 1 15 ERE eseur e
pocketyr [{OQ2 HAGGONA g Lk s anbedid@nist dheshape Lf. the gyessure pocket

301 is selected such that: as the flowrate of a fluid in the second fluid

passage\iep 20 decreedsles,d tife of |afadrichdrleds] mylsp FoRy 140 e gsessur e

pocket,,3015 -as flow rate of. the fluid. i e seco ud. .
passagt(;?\:f\é/ag/f lfgg}dilﬁjccrrtee}%elsn,gquheﬁﬂﬁ d nt(jgcg)crtélaes ipgrgﬁg}\#%ogo i n{{g:{ 1e’ %r%Ssur e
pocketas30he Accarddiing tof anet Haruienbodittentseddiel shapel qfa ddweyggs 202
pocket 301 is selected such that: as the flowrate of a fluid in a_second

f 1 ui d AsSagERay D02 deticedses caheGlat i'd B tHE-F "G emtSeyinfg fddet

presswg pookels 30Ld ad laHddt the seeend fluid dassaganayn 202 dNneeases;
and as the flowrate of the fluid in the second fluid passageway 202

i ncreasesett Y atd saofeatss fdudird tdntter iafg Ttive Preewsurtey pdcleetf 1304 tigr t he
fluid.in the . 2012/ 074678PCT/ 011/059631 second .f.l ui Ss 202
deor cao85 T & Bt e EHBoAI Tt e hepa T 'THe Drbsaure odRet 301
i s ciregidearing aided;e sordiicc Waarke tor3oadl ldoptfilaald iim shapeecthel filguirees show a
singl e pressure pocket 301 but a plurality of pockets could be used.

[ 0028 FACCoY " Ivg tz&zaﬁéi%s&?do&i%rﬁs, e Vslt’?&ﬁeg_ld%“{ tHe Preedduré ﬁ_ﬁ’cket 301
is selgct ed sych Ahats As 4N W soe e Ofeadd uid d na ssecand fd ui d

passageway 202 increasés, the fluid increasingly flows into the pressure
pocketf1301 ecaricrasia Hérevigseosiune gfoaksd fAAN da hche Isecbnad: fihd d
passageway 202 decreases, the id decreasingly flows into the pressure
pocket%efﬁ%l.Cl é&lolrodipr?gsﬁageéﬂr‘?c}’t r?fedrdJéjdr%:or(ﬁar?eerﬁ', the shape of the pressure
pocket 301 [ico23gl ected sughtddiatinpsd heoHrseosintyp Dfnem tf,| Wind ighaesecond
fluid passageway 202 increases, the ratio of the fluid entering the

pr esstiitle PECcREEBOES TG AR tife SSESHES IS pdsSagefay- 202907 reases;

docr oases. TRETatl & oF ThE FIurd Gncaig tna o cestr e patket 301 16 the
fl ui d dimcrdes isecond fdwd d rpas Sdgewanye 202 edgeradases301; and as the
density of the fluid in the second fluid passageway 202
increases, the fluid decreasingly flows into the pressure pocket
301. According to another embodiment, the shape of the pressure
pocket 301 1s selected such that: as the density of a fluid in a
second fluid passageway 202 decreases, the ratio of the fluid
entering the pressure pocket 301 to fluid in the second fluid

passageway 202 increases; and as the density of the fluid in the

second fluid passageway 202 increases, the ratio of the fluid



[ 0029] According to anot her enbodi nent, the shape of the pressure pocket 301
is selected such that: as the density of a fluid in a second fluid
passageway02022/deeBeases, the fluid increasingly flows iPaT@skéwg/opre@ssur e
pocket 301; and as the density of the fluid in the second fluid passageway
202 increases, the fluid decreasingly flows into the pressure pocket 301.
According to anot her enbodi nent, the shape of the pressure pocket 301 is

sel ected such that: as the density fluidin .a secqnd fluid passageway
202" deit ereed The e Hnd ) ot 3 aing THE! proaath & Poekb 301 1o
flui d dithe secord £ Wod passageway. 202 increases; and as the density of
the fluid in the second fluid as‘sag%v(\)/g% 202 increases, the ratio of the

fluid WO 20P83P24678PCT/ USIBL HO5I63 tieq nglahe prigssurfd Wekket 301 to
the flyjgd . in.tLh Ui | . i
e r%s%dg k Ne Fprond fd ui %&aﬁ%&%}"% et Paf%[ %Szesﬁar{cp%%g)sm%eqev' ce

300 i a‘first fluid passageway e first fluid passageway 302
(and ams setdrera ywas Sageway Sutedra he rauditrany 1 arec trangud iata 1 pyramudal i,cuer
curlicue in shape.. Althqu illustrated as a singl e passageway, the first
I @ s tay 0PN oy S eSS doek YT S ot FaAtre S (1 pl e
passagaways ﬂ%ﬁﬁ?&%dg“és@@f Adel (arfs dily) utdat ghdudeudy)ladhes first

fluid passageway 302 operationally connects at |east one pressure pocket
301 ari¢adturee st by Prasane VSOl co BB tekbrirexxaiplidelt-he A rst fluid
passa be..connec ..qne 1 res cket 301 and
conneglel\ggysatt%oﬂ%ﬁ?gl g}lcgg'ng"t at%}%hgélﬁ%r;ssfﬁl?g”s uarasc%g%d%y %%%Ofi rst fluid
passageways t3@h cdry iqueinede sa 44 ristaSfd wirgk eutdsetur38Goclee fAdistarfd wtd

passageway 302 can be connected at one end at the first_openi nc\;{&ll into
t he pg€§s%1’ 50 KES BFFE P Shidcted &t 1976 Btver éifd Bt Sthet Uit 1 uid

out | et 33Q JMQ, 3R RIBSHE & SR ee B3 JHhe PIessre SWdeh S diet
preferably positioned adjacent to the pressure source 303 within the second

f 1 ui d 39ds sagewsyZGLedAcdoridieng the rare rehidodi thento rasval sy es8urce s®d-ce 303
is the.sa Si.z nd, crQoss cti s the first flui.d qutl.et. 330. 031] The
comond S R e e e T el & et e e
from a3cari athe ofi mst eflivals pdanples; dosuwdralle gmirerdtals amelnsdesndut
are not limted to: netals, such as steel, alum num titanium _ and nickel;
al | oyé,t dﬁbzfstﬁlcrs?t CoIfposia el didie 4d'F iFES T FdEd pﬂ?éln(ﬂqdc; ceram cs,

such as, fngstencanhl dg Q- almna: @l astoners;, and, fssolymaplie qmterial s.

[ 0032] According to an enbodi nent, the device for directing the flow of a

flui d 360 dreeamed igvwe &y st hdliang rats dugas tswivie IdiXFlerientp fd igmchb ly

passa%ﬁ¥§9§ié&¥§ Jg?g%é%fnegléﬂél%¥g%sure source 303 within the second
fluid passageway 202. According to an embodiment, the pressure
source 303 is the same size and cross section as the first fluid
outlet 330.

[0031] The components of the device for directing
the flow of a fluid 300 can be made from a variety of materials.
Examples of suitable materials include, but are not limited to:
metals, such as steel, aluminum, titanium, and nickel; alloys;
plastics; composites, such as fiber reinforced phenolic;
ceramics, such as tungsten carbide or alumina; elastomers; and
dissolvable materials.

[0032] According to an embodiment, the device for

directing the flow of a fluid 300 is used in a system having at

least two different fluid passageways that have a similar back
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WO 2012/ 074678PCT/ US2011/ 059631 pressure. According to this enbodi nent, the
system can include a second fluid passageway 202, a branching point 210, a
third fl uwo peesageway 203, and a fourth fluid passagewagTAB4011l08968hi s
illustration, the third and fourth fluid passageways 203 and 204 are the at
| east two different fluid passageways that have a simlar back pressure
wWth respect to the second fluid passageway 202. The fluid passageways in

th t be altered t id Yi back . F | e,
the crOSSWECt ol e of & e SecORt Tt pasEagevdy 202 ar THE Junct ur e

of the pressiy & pockel 3L cany oyl teneddarger @iailegr 4 archange the
back pressure of the third and fourth fluid passageways 203 and 204

r el at ifiiélith Rafe sgeeorid 4901 dshssdgewdy! 202219 00881988 veah A sedit in Fi g.
1, the,s i.d :pass - ANGh 404 i urth

£1 ui de%%%g gggv\%f;y a%&%ng%%ﬁ%&f&t? e rfg{lchl ngfl 13%?% tr"higsftoaw ef?“ﬁdﬁ; gzc%}r)]d f1 uid
passagewa\? 202 rearn Her arich daxtto ttvhe dilifredrsarid flourd pddasokweassagevays 203

and 204 such that the third fluid passageway 203 branches at angl e of
1800 W% raessdé‘li’tlatfo%ﬁ’fg‘ g&¢ond' 1 dfl&%pgrrfs%%éiﬁaf%ﬁ By Sy %1 t her
examplgys dhedhi rab S | uitd Passagewys WA brangh atyaardef wof angl es

other than 180 (e.g., at an angle of 45) with respect to the second fluid
passage@rsZD .o e il tvie fiigicd eass ageesyi 1204 cdivralsenirlancitst a

vari ety ¥ S Wit S t.,to ;e%qggfl i S enay 02.

Pr ef erabi yS, aslr%gtt%hoélv%lhi%r%%f I%Etlcg h|oeasstseg:goe,]?\/\7;31y ﬁ}%és%c esﬂ%‘;}tJ an fﬁtg%él of 1800
W t h riespecird @ ft hehes eoend flauipth ass @apawayn 202, dlhenddea daurnt ko:f | ui d
passageway 204 branches at an angle that is not 1800 with respect to the
secondMAMISEF pas SAGewsy D2 LAk tHe e i ind oi M- PL RS HEYWHiY d 1 ui d

passageway SR Wi arreed Adiwid dalet 2L anddhefowth fluid
passageway 204 can include a third fluid inlet 212. Although the third and

f our t Pk vpas Sfeways, 203 and 204, WD 2012/ 074678PCT/ US2011/ 059631 are
the only t\éﬁo%ﬁsageways shown in eF:]S%%efnérﬁa\g%g g sinld %retclﬁogl[cak fressure,

there is n I'mt to the nunber o ent ‘passdgeways could be
used. J=0034jcthe; &2 ceurf aradigrecintng tie dHiow ofnca fdurth IAG:iecan be used in

any system Accordi r% to certain enbodi nents, the system conprises at | east

two difFererft A Ui Ha\A i % Siii9 &0 e i 1ot -es sliie . S AP ek anpl e
of a SyStieMd-S & JdoW 1AL L80W a0 2%t d ldistnated 4y Hgs+i3 and 4. The

system can conprise: the device for directing the flow of a fluid 300; a
secon@dddadatyrass XSy R @04 sudhi ridiaft dilek pdsisabaay 208 s samkva ff AHX h

f1uid,passageway 204. Accordi to an.enbodi nent, the third fluid

s agEuy TH0 S d Tt et h T o S SagRy 504 i & S Sihit i chack
pr essy=essatherSy o cay fuust her dedhide axdigist, fdnd dHiddetr1208  The
system can al so include an exit assenbly 205 conprising a second fluid

out | etPZTEISTHY APt RN PISHGwh Corfpricsiimy lorid deViles 30¢:ehdvever.®4he
SYSte”&Q%ﬂ,'%&!%QFEHRh%sQﬂ?@u@ﬂevﬂﬁ¥£%%§§§%t to the second fluid

passageway 202. The fourth fluid passageway 204 can also branch
at a variety of angles with respect to the second fluid
passageway 202. Preferably, if the third fluid passageway 203
branches at an angle of 180° with respect to the second fluid
passageway 202, then the fourth fluid passageway 204 branches at
an angle that is not 180° with respect to the second fluid
passageway 202. At the branching point 210, the third fluid
passageway 203 can include a second fluid inlet 211 and the
fourth fluid passageway 204 can include a third fluid inlet 212.

Although the third and fourth fluid passageways, 203 and 204,
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[ 0035] According to an enbodi ment, the systemis a flow rate regul ator 25.
According to anot her enbodi nent, the flowrate regulator is used in a

subt er r anearzof2or7me8i on. A flow rate regul ator 25 used i RCA/Gsadxt®s96anean
formation is illustrated in Fig. 4. [0036] The device for directing the flow
of a fluid 300 can include: at |east one pressure pocket 301; a first fluid
passageway 302; a pressure source 303; and a pressure switch 304. An
exanpl e of such .a device is illustrated i.n Fi.g. 3. .The device 300 can al so
ol LG TP A i PSSR Boc KA S0P BG4 6 cis  GeUHeE 300

havi ng ddw & ILssW e Ppreketiss 3L.1ikii t he, de ¢eudRe igrcldides mmre than one
pressure pocket 301, then the pressure pockets 301 can be connected in

ser i ePaF AdFe SECINR T |Ad passaf@ry 202. Each of the pressure pockets 301
can also b ected to t first. flaj assag 30 ANy, C

2012/ 07467850 "US2011/ 0596%5% g%@ucsesi%}nrd S coqn%%ﬁ%lrﬁ %o%ﬁ?ﬁef evice 300
and adpteniodibrentssd égarading tdieendevizZgeB3Q0nes mearitearapply to the

device 300 regardless of the total nunmber of individual_ conponents.. Any

di sCuSSIORIGE S art it dlr DomFURgHC o Athe Wi G300 (&R o phdbsul e
pocket, 3%y dui ANy ity NGl iwde dhesiingearsfrar m of, thergonpenrent and al so
the plural formof the conponent, w thout the need to continually refer to

t he cafFomahtls m ot i ssinfgivl i@t cand Dl drldlusteihachrisudhias. Femdexanpl e,

It a g C‘(jz%sei Osg/-sit%‘{no'c"a%f c & RIESSHLE pocker 10'}39 tc‘éi%tﬂ[ q e ﬂgﬁem ood
t hat the di scussion pertains to one pressure pocke singul ar) and two or
nor e priessurier ipbA0R;s A plaraald .fluid pdL03HwENe AdAsi ¢ can reht@ruitche system

and flow through the second fluid passageway 202 in the direction of 22la.
The fIRASFAFAFel ia0g i @the didedth on ol ??%%el‘“iaifha?\%‘ a SPEGFIET 16w

rate, W se@8idivaerANd tdRNSIHMg T8 fd QU SRR wM SRBBidE Qe densidy of the
fluid may change. Accordlng to an enbodi nent, the device for directing the
fl ow oflvd d InAsE BB A% 2k itgrved ss udmitlsat depdendiasgwore at Theastvsdewe of the
propertie f.the .fluid, the .flui n, i.ncreasjngly £l ow jnto the pressure
pocketcaéb%ugrrthtehre lrnaCiLl‘LluéTeofa the LtI %131 éjntle?r |e(reltg e prTfe?sesuS esncpegnclgeat% 301 can

i ncreasiesc ierl wyanpl exias ddweenfdlow 208 e ofptita fd W dadecieases,d as the
viscosity of the fluid increases, or as the density of the fluid decreases,
t hen tor?et]fqtui?d)@ncr%i%‘@tf”f ‘e 1 ito Ct%%é%@%c?ﬁi’éﬁ%@fodr the ratio

| nor eases.. egandl essof the, depandent-yonerty of. the flishde o, the

flowrate of the fluid in the second fluid passageway 202, the viscosity of
the fluid, [®03FHe density Agfcame fd dicd)gn agebrdve rfdndi,d thec reeadiangliys fd ows

: ﬂf:?e?s}ie%g Irr%sﬁfsﬁu ror\e%&ﬂ% thrife%%'r gg{cl %)%%3;“%35% :aﬁfo;t‘?}ae%gs |brots le”fe}cnlt}:iu’ijdcﬁlaessag evay
302. As dvhedddiddnaeasiinglysdd ows d it thedddast ddwid ipassageway302,
the pressure of the pressure source 303 increases. It is to be

rate regulator 25 used in a subterranean formation 1s

illustrated in Fig. 4.

[0036] The device for directing the flow of a fluid

300 can include: at least one pressure pocket 301; a first fluid

passageway 302; a pressure source 303; and a pressure switch

304. An example of such a device 1s illustrated in Fig. 3. The

device 300 can also include more than one pressure pocket 301.

Fig. 4 depicts a device 300 having five pressure pockets 301.

If the device 300 includes more than one pressure pocket 301,

then the pressure pockets 301 can be connected in series to the

second fluid passageway 202. FEach of the pressure pockets 301

can also be connected to the first fluid passageway 302. Any

11



WO 2012/ 074678PCT/ US2011/ 059631 under stood that any di scussion of the
pressure of the pressure switch is neant to be with respect to the pressure
of an adjwoent2/as@a. For exanple, the pressure of the presdase@1vsmesce 303
is illustrated in Fig. 1 as Pl and the pressure of the adjacent area is
illustrated as P2. As the pressure of the pressure source 303 increases,
the pressure switch 304 directs the fluid to increasingly flowin the

directj.on of .222 into the fourth fluid passa 204. Fig. .2A.illustrates
Tl Ut G R B s e DBl tuin o BowT ) i et B direity sacond
flui d passagenpy R02ideclieamas, i whentthe iggasi ths afhd hefildd ddoncr eases,

or when the density of the fluid decreases. [ 0038] According to
anot héicdamsodisferitt, @ (IRl swiidte odf e FidHad I9R8Hedsey:s -as fihe

Vi scosjt the fd uj q_eclqr es, densi ty.of L hgyd | W d, i ncreases,
t hen t%hle%f Ui dé{:relgagjiang y&%%owscoi r}igtogl%tr#;%pr essur&eé pocceket 30(L1g gjr ’tﬁd:a ratio
decr egsesssuAs tdreddtuidDldecrseasiargl o liowsludst attehesipreesisur € poacket 301 (or

the ratio decreases), the fluid decreasingly flow into the first fluid
s agdliy P AS Fiel i o iegs gl Y F o TR 6 ERE T et T
passageway,s302,t 4 he Rriessine, ofe ddie oy assuregHsce 303 1dagr aases. As the
pressure of the pressure source 303 decreases, the pressure switch 304

di r ectssirdvel o wird o Unweh dasithgiyr fUBwith t B rdieredtilon off 221b into the
third fildid passagenay, 209 F g, 2RI ystaatesdd ul 4 flawthrough the
en e f T

systemv@n t ow rate of the i the secdnd uid passageway 202
I Ncr easesyr e tha tvitdeosiiyr s itde ddriad rdecreases prars amen ddwkedensi ty
of the fluid increases. In sone instances, the fluid can travel through the
first FE9IFHds SPENdY BOE T th& TRHTRES o B21id dHere is a net flow

of fluid outggaf7it he pressufie pocke! 301 Andd e thesecont f4wd
passageway 202. [0039] The conponents of the device for directing the flow

of a fihiaBO0 hearsdserichtigrriel dteed agifotast A2 am éfffeeciingotion of
2012/ Q,zA4678PCT/ US201,1 9631 .from one conponent_ ¢ se . effect on a
%2?’15161 %e %ﬁg{lchcsrave]leng 1n ntl%e #Tgfetcﬁ:lo& %r% %;L[a A hta;c/ve fa t he

di fferent ‘conpone y Way of “exanpl €, e depen proper 0
flui ddedite J lowys ate 0f tiheddidid ighd hersecond find dipassageyay 202,
then as the flowrate of the fluid in the second fluid passageway 202

decr edSESOR e /f 1 daicrieasiindiie fllog! iNito FHE Pr-es SH@ IFOcKettBE.  whi ch

i n turdueRuses, d he fd W tQ ingreasinglind low intg, the figsh 4 136 is
passageway 302, which in turn causes the pressure of the pressure source
303 t ddsigreasesuakhitdla i pidpemilicauses dthe preassume svil tidte 304 eo tdiasect t he

1 4o Jocrgesi o0 1At Che Loursh 14 BASSRenny, 105, v.re
pocket 301 or the ratio of the fluid entering the pressure
pocket 301 can increase . For example, as the flow rate of the
fluid decreases, as the viscosity of the fluid increases, or as
the density of the fluid decreases, then the fluid increasingly
flows into the pressure pocket 301 or the ratio increases.
Regardless of the dependent property of the fluld (e.g., the
flow rate of the fluid in the second fluid passageway 202, the
viscosity of the fluid, or the density of the fluid), as the
fluid increasingly flows into the pressure pocket 301 {or the
ratio increases), the fluid increasingly flows in the direction
of 322 into the first fluid passageway 302. As the fluid
increasingly flows into the first fluid passageway 302, the

pressure of the pressure source 303 increases. It 1s to be

12



pocket 301 can depend on the following: the flowrate of the fluid
traveling in the direction of 22la; the viscosity of the fluid; the density
of the flwD®p122e678onbi nati ons thereof. The anmpunt of fpairdSedaws®nt ers the
pressure pocket can also be a result of the nonlinear effects of the flow
rate, viscosity, and density of the fluid. By way of exanple, as the
viscosity of the fluid increases, the fluid increasingly flows into the

pressure, pocket. 301, the fluid increasingly flows into the first fluid

s S 65 e prSs T U TS precsi & SAREE $03 THrc Basee Dnd ¢ he
pressufg tWM tigh el didedes +1ihe bt 10 dnenrasiNgyufd Qw ian the direction
of 222 into the fourth fluid passageway 204. As the viscosity of the fluid
decr easEsicqte #ad-d dect asimyglyy At 1R tehe fpridss e s5ocieets BUES t he
fluidgecreasin of 4.t hg firsy tluidypass @2, Lhe pressure
of the pr elggur egjs%uréct%%golépggér'easeéss,r én% tth %r gsggg\éﬁéwgtcﬁ %O4 directs

t he fladlichdemt roresasisngllyl fdtow el tdre Rdi.r eétsi oheobr22%brentd the third
fluid passageway 203. . 0041] A desired fl ow rate of fluid can be

bt e BBEAEE G 5 R SrHTEE o FEalEe St e DENedt R bAeE Tt t he
type afd |Mﬁcﬁrﬁcﬁrﬂr{&rédﬁr%q\g Ge.owl N8, predetierddimed, fJowxatie candi ffer
based on the type of the WO 2012/ 074678PCT/ US2011/ 059631 fluid. The

pr edeti@rifitied flis iedtse dsain val2dd -be Fd e APed IHasdd adiesatt Ivegstl lore of the
propertie f .the id enteri the devi.ce. The at..l east. o of_ t .

pr opertt}}réyzlgglant}%e Sfé)eﬁ eeg'} ewg’e%r oer?;% h%odvr grt?ptecc?nfs ihcs S nfglugT% tlhner{\%lescsoesclr})t%yCi of

t he flfliud,d tche densidy 202 tdhe fdaded,, ancrcamd natdcans therfeathe Faruiexanpl e,
dependi ng on the specific application, the desired flowrate of a crasbased
f1 Ui d ey 58 Predet eiihéd ¢ B 1150 Hart @ & e dSF (BSOS wher eas, the
desired fl q\@dﬁc}e of an oid-hased d W ddmnde puedetenm ned tg,be 1300 BPD.

O course, one device can be designed with a predetermned flow rate of 150
BPD and:tanottherthadéditcel darw e sdesi gried et secqeriddetcd e d fliov rat e of
300 BPD. [0042] Accordi t 0. an .enbodi nent,--.t he, device for di,recting the

{1l ow SPATIAH 300 15 0 500 Such (AGt R R e rar d gt THe f1ui d
in a secont dddiicth qpassageiay: 302 tde ateasas el ew ddieqor edat ernmmed | ow
rate, the fluid increasingly flows into the pressure pocket 301 conpared to
when t7& 9 SR THRESOT- t B fIRA & S ke Second F10itd Pas sagendy*s ner eases

above e, fi edgl-enmnebil| oW 13 - AGOIAING 1.0 Another erhodi ment ¢ he

device for dirécting the flowof a fluid 300 is designed such that when the
fl ow rdstaeeafs it f [fliavs nird ssedend fdadi & Ipdsh agewap 80 i30&.eades tdlsove t he
predeterm ned fl ow.rate he fl.ui.d creasingly flows into the ssure
Pocket' BOT Chpred L e ehe T ow iad T tHe 1] G 1 e SiZnd 1 ui d
passagewaypdecigases below e yredehards el fdowd=ales. Aggordidg to

anot her enbodi nent, the device for directing the flow of a fluid 300 is

desi gieESSUHEte (Hatthth e S37eiRA sty I e T9aHSF /ddcre asEs Below a

predeter.m nedgi4 SLOsi Ly e &l i ecreasingly,f) ows, j nto e pressure
pocketsev{%loqglcmcorrpar%{(ijL tcf)tswhtfahtné tielﬂvcgstg)o%r}ty oa%git e3)1‘l ul ir?crtg!aéses above the
pr edetdrmaaieicbrvicst @A by ;1irarnd tiken tihes ilscigsidas sofgatvizey 408 .d iFigr.e&@Fes

above the predeterm ned viscqosity, the fluid increasingly flows into
1f1u Lrates HTJE flow é%rgﬁgh é%e system when tﬂ%z%&ow rate of

the fluid in the second fluid passageway 202 increases, when the
viscosity of the fluid decreases, or when the density of the
fluid increases. In some instances, the fluid can travel
through the first fluid passageway 301 in the direction of 321
and there is a net flow of fluid out of the pressure pocket 301
and into the second fluid passageway 202,

[0039] The components of the device for directing

the flow of a fluid 300 can be interrelated such that an effect

13



WO 2012/ 074678PCT/ US2011/ 059631 t he pressure pocket 301 conpared to when
the viscosity of the fluid decreases bel ow the predeterm ned viscosity.
Accor di ngvoaomroséter enbodi ment, the device for directi mgTiuseorflosog3nf a
fluid 300 is designed such that when the density of the fluid decreases
bel ow a predeterm ned density, the fluid increasingly flows into the
pressure pocket 301 conpared to when the density of the fluid increases

abovegfsthe predet erm ned density; and \/\/ﬂﬁe t.he denfﬁ'j&yf of tthe fluid "

i ncreases’ above YHe Predét8r mited déhs %Ctt e dect easitgly Fl'ows
into tehe pressurspeokset 30k comaredida wiend:he, densddy ofyithe d liHd
decreases bel ow the predeterm ned density. [0043] According to another
enbodiffent T Based ditea Priedetiey mhed FABW riate,d HasEasiaip Yok endingft t he
devi c digecting 1 fl.ow of . .a; f:l uid 3 ' [ §§§§§ n the
f|0m1§§{§%% %ﬁ% f?%idhﬁéé¥%3§g§ﬁaﬂiﬁmé%hggv#égggﬁfgmfgéreasé%ﬂﬁéé¥gf or

t he densittassdeGr edases haldvwnarmraes iofg itvhe fdwse d rfdcovishd ntr@ dsher eprressurte
pocket, 301 conpared to when the flow. rate of the fluid.increases above, the
Vi scoddly dlicreages Below? b fltendity ihcrudses Hbove.t Aikdrtithg t o
this emodiivent ,rivhen yoye Lfvdihaedd uiygh fdrows, int:e, the essire pocket 301,
more of the fluid will flow through the first fluid passageway 302 in the
di r ectdsFofr 32X ddpariad IUFaMfen 1Gs SBF tche fangad o st dtie tHeressure
pocket. 301, When fiore. of. the fluifh{ los, thrqugh g he first, f1uid passageway
302, a pressure 5f the pressure source i's greater]fhan a pressure of an
adj acentcray=ed r(g.yg. L1 ovhem Rl tirse dieatter filhanl R2)ssalkeers it B0 4ar essure of the
pressure source 303 is greater than theéore_ssure of an adj acent area, the

pressure swit%@P1304 dir ect™®s FEFIUT P4 F i 2SN GV Fiow 15 R4 Hi%ect i on
of 22z, dta t3e four thfddd dpassageway,204; . Agtordifg 10 anat hele

enbodi nent, when the pressure of the pressure source 303 is greater than
t he pridssigh & refvedn radjiacdnite allemctive mriedAlas Slia ol B idiv et $an WO
2012/ Q74678PCT/ US2011/,059 i ncr.easj.n ropor.t.i on .of t t ot fluid to
Flow i G g1 FectiBn ‘of 22 e tne Polt R U ‘Pass agsusy o H a
pr ef eraredhrenodifmeiily oMen drhe r essure ofsihe gyessurerselree 5303 i s

greater than the pressure of an adjacent area, the pressure switch 304

di r ecti$ ¥ ifajdr iTE SPOVHE TS 16 T G IS He i rédt@ o IGIC 25 4 ntid d he

Four t hydluid, passageway,304. fAs Hsed hergin,) 4 he L enm "Jmjord iy, Jreans
greater that%] 50% An exalrrpl e of the flow 31{‘%7 f1ui dgtthr ough thel ég/yst em when
t he prigssurlerigf itrher qersessurtéiss dunciel 308 res: sgmedtert ltchan itthe priessure of an

adjacent area is illu at i n.Fi.g, .2A._ [ 0044].Moreover,. when .|l ess of the
Fura et up i mE i i Shrdedt TR e anT el
t hr ough tike ddIsigdldit damssagewar: 3024 vt hevdigresidion ofoude Gopared to

when nore of the fluid flows into the pressure pocket 301. WWen |ess of the
f1 ui d GRS o dght tHe FTSES TSI {Pass atfwayt 201 S 415t dsistire Tof t he

pr essuresounee I iy Lesgadhan adressure o anadiagenioAnen feg . uhen

Pl is less tha Accor I‘y, en the pressure of the pressure source
303 | pds=sgyaviran 20He pries suree wfs cars iddj acderithearfdarial slgctriemsagy, vdEuum can

be created in the first fluid passageway 302 and cause t fluid to flowin
Che die] GG ASAE Ve Tife Broecuto For e Tpreedie Lour dads s ess
thap td%%r@a%ﬁ&idjl%z af1 A @d‘]t&ﬁeﬂ}ie &8sst tf__fl%iFH Ry S @'023,0‘%1@! rects t he
fluid to increasingly flowin the direction of 221b into the third fluid
passagefp2@3.of the pressure source 303 decreases, and the pressure

switch 304 directs the fluid to increasingly flow in the

direction of 221b intc the third fluid passageway 203.

[0041] A desired flow rate of a fluid can be
predetermined. The predetermined flow rate can be selected

based on the type of fluid entering the device. The

predetermined flow rate can differ based on the type of the

14



Accordi ng to anot her enbodi ment, when the pressure of the pressure source
303 is less than the pressure of an adjacent area, the pressure switch 304
di rects awoinyidasB8ng proportion of the total fluid to PCOWS2O10RE31
direction of 221b into the third fluid passageway 203. In a preferred
enbodi ment, when the pressure of the pressure source 303 is less than the
pressure of an adjacent area, the pressure switch 304 directs a nmajority of

e T Lo B R M IS LN,

t hrough the 1ysdemhert the pressune of df_he;rw ESSUIE SAWceEA3d s | ess

than the pressure of an adjacent area is illustrated in Fig.

2B.
[ 0045]9Fe dfevi déf Gt disPedt iy e tfhebwwpetrﬁelera wed 360 § qﬁ?etﬁdgrfewrt o be
an in qugﬂi i i cal he
flui ddct%% I'ncreasi ngﬁ%%tﬁ ocﬁldlfnt%léels\t gcr%sghe thi r% o?%t?r’t hgh\f/ﬂ 51 pasgsageway

203 orofR20hdased dgn aatd |leastitaha dlowhreatem fof  trher fdasingy 1, heie\pesmsng y of

the fluid, the density of the fluid, and conbjnations thereof w thout any
ext er 4 Gt eRFEHLI 6N 2RI R 515 G519 sfaﬁvbrﬁalt(? Wi éh G4 enconpass

cert aigy LEQdiBNtGy A deRicded rihdd G0 De @W'Ha@%&sl%éla%a% general l'y

vertical uncased section 14 extendi ng dowmwardly froma casing 16, as well
as a géeral hermaszoritel dasdaset flast |r@rtel8>fe>@tnerm|lrr@etaﬂd)lfg}huai may

subterran n, f.ormation .20, T r n.formation .C ortion
of a resgr %&erteor?%éq C{'Jtcteontb rc:a%aosté??gr VOI'T. O[u(fogf?] AT ulﬁll%gvg S r| ng (such
as a mammtecomﬁwblmgn&idem)mﬂr&d Sl lrettd it hewddbenrel Bhother

I nterconnected in the tubing strlng 22 are nultiple well screens 24, flow
rate rEgHR 698 3% v Packetd e E{WWW@&E Kerd' 76 t$edlt ofF° an
annul ys28 forned

[0042] According to an embodiment, the device for
directing the flow of a fluid 300 is designed such that when the
flow rate of the fluid in a second fluid passageway 302
decreases below the predetermined flow rate, the fluid
increasingly flows into the pressure pocket 301 compared Lo when
the flow rate of the fluid in the second fluid passageway
increases above the predetermined flow rate. According to
another embodiment, the device for directing the flow of a fluid
300 is designed such that when the flow rate of the fluid in a
second fluid passageway 302 increases above the predetermined
flow rate, the fluid decreasingly flows into the pressure pocket
301 compared to when the flow rate of the fluid in the second
fluid passageway decreases below the predetermined flow rate.
According to another embodiment, the device for directing the
flow of a fluid 300 is designed such that when the viscosity of
the fluid decreases below a predetermined viscosity, the fluid
decreasingly flows into the pressure pocket 301 compared to when
the viscosity of the fluid increases above the predetermined
viscosity; and when the viscosity of the fluid increases above

the predetermined wviscosity, the fluid increasingly flows into
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radi ally between the tubing string 22 and the well bore section 18. In this
manner, a fluid 30 may be produced frommultiple zones of the formation 20
vi a i sol aveaopm7sé’ens of the annul us 28 between adj acenPCpaiseél1ofIsBhe
packers 26. [0049] Positioned between each adjacent pair of the packers 26,
a well screen 24 and a flow rate regulator 25 are interconnected in the
tubing string 22. The well screen 24 filters the fluid 30 flowng into the
tubing.string 22 from.the nul us 28.. The fl ow.rate .regul.ator regul at es
Lhe TI0E FATE S 26T (e CHAPCTT GEI0E [ OSSEEE Gt Ko THI T 19675 A5 he
tubi ng1stird Re:2dadased 10 cold adeChanacterd sties oftt.he fddbdigy ¢o the
flowrate of the fluid enterig%:the flowrate regul ator 25, the viscosity

of thextdisd; sgreateaaddnsithe sfetie flan dlnattanst Hére dntsodidferit Flthe! wel |
syste ] i njectl a t fl .at. tor. - regul ates the
y @dg)m§c%%ﬁ%¥éazédyhg$kh:MH%D'%%@ %ﬁ%%ﬁ%ﬁéﬁ?&%éﬁ%%;%@ g

flow rate of 30 out tubing strin into ormation 20.

[ 0050]detc rstxeud sd dael cnotee b vttt drive nael 1desyssittem hhd & lidildusitrrcatesds iy Itvhe
drawi ngs and is described herein a rely one e | e of W de variety of
wel | Sy ET T Ao e A s B A iCh R URE A e b ed 1t
shoul dbe & eard iy understeod hate the: Rrideiles of s idisclosungear e not
limted to any of the details of the well system 10, or conponents thereof,
depi ctié idendid Wrawitiygs foriidesarddsed dferadiave A mgastermiiedwel | syst em
10 can,dnclude qth oMo ts .not, depi cted in the draw For..exanpl e,
cemmnt iy e ek THere e o et Bt ik i S A s S et
may al3d bemgsedtd naddidd and algpacker 3 26.hd GOht]Bylamaye aafe sanetiher
exanple, the wellbaore 12 can include only a generally vertical wellbore
sect i ON LA GCLEFHAGUFEGHYY -a general Iy horizontal wel | bore section 18.

The fluid 3®oean be producedromd he fordmald.on@dqithe | WadLowd Al so be
injected into the formation, and the fluid could be both injected into and

pr oducedatemna fegt rAtdwrate, viscosity or density, the device for
directing the flow of a fluid 300 is designed such that when the
flow rate of the fluid decreases below, the viscosity increases
above, or the density decreases below, more of the fluid flows
into the pressure pocket 301 compared to when the flow rate of
the fluid increases above, the viscosity decreases below, or the
density increases above. According to this embodiment, when
more of the fluid flows into the pressure pocket 301, more of
the fluid will flow through the first fluid passageway 302 in
the direction of 322 compared to when less of the fluid flows
into the pressure pocket 301. When more of the fluid flows
through the first fluid passageway 302, a pressure of the
pressure source 303 is greater than a pressure of an adjacent
area (e.g., when P; is greater than P,). When the pressure of
the pressure source 303 is greater than the pressure of an
adjacent area, the pressure switch 304 directs the fluid to
increasingly flow in the direction of 222 intc the fourth fluid
passageway 204. According to another embodiment, when the
pressure of the pressure source 303 is greater than the pressure

of an adjacent area, the pressure switch 304 directs an
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[ 0052] The wel | system does not need to include a packer 26. Also, it is not
necessary for one well screen 24 and one flow rate regulator 25 to be

posi ti onewokzetvgest8each adj acent pair of the packers 26PCItUS2&11845%061 not
necessary for a single flowrate regulator 25 to be used in conjunction
with a single well screen 24. Any nunber, arrangenent and/or conbination of
t hese conponents nay be used. Mreover, it is not necessary for any flow
rate requl atar 25 to be .used in. WD, 2 1%]/ 0714678PCT/ S2011/ Q59631 conj unction
with 8T Serber Bht 1%, ST SR O VoS, Tt Al nj ected 1 ui d

coul d dae-ddawed dhraaggh i f 110w rahe-dre guh et 28sa geviiowto Al saf |:om ng
through a well screen 24. There can be nmultiple flowrate regulators 25

connedt®Ed 9y @ePqsHrmstel YOrersdrieeLrU053 1AL i Gr aFEESs PTG t he
wel | sgy£ens qq?z%atféro‘ﬂg{za%% gth[)ee%eaés‘%{rez%df %%C%%fcj;ascgeg\t(“aﬁe%x qther conponents

of the tubing string e positioned in un sections 14, 18 of the
wel | barmee sEirArpyyisect 1308 ofi rtdve anved Inbroreer 112 ey thee dased! dgro uncasedy and

asel Mo tTOT 1 The MAhar e T A daBTria: tht hE prTRGrDl b lor ohf o
i SC1 087 1, :0054) It i zober APPraGAL e by L10se Skirklad 500 theart t hat

it would be beneficial to be able to regulate the flow rate of the fluid 30
ent er issgrinteo athehauldiley stfr ifg 1zl thremadadhe ones tefin twierf dfati on 20, for

exanpl t =\ ter i or . _Coni 4.in.t f or.natj an.
a her sl 8 Sod BT Bb P R MR R B e R o
bal ancih@gmpraadiuctdran daeemi(ori lilnjsectatend iint ®igwl2a.pl e zones, m nim zi ng
production or injection of undesired fluids, maxim zing productiaon or

i nj ection o[fo"cféslji red flui d&T&EEr, when [J%meft@@rifr@%v@lt%’%@sﬁo 3, 4

and 5,:He fdom fate egulzfor 123 car e pasidionad 1 rrithe drubjng std ng 22
in a mannér such that the fluid 30 enters the first fluid inlet 201 and
travelfsist dilrdct ives 2@Erah 3 hint Hdsselomd flagi o fhB8SFagewsna 1268 .t For
erampl e IS R e SR A SR A
20. less of the fluid flows through the first fluild passageway 201,

a pressure of the pressure source 303 is less than a pressure of

an adjacent area (e.g., when Py is less than P,). Accordingly,

when the pressure of the pressure source 303 is less than the

pressure of an adjacent area a suction or vacuum can be created

in the first fluid passageway 302 and cause the fluid to flow in

the direction of 321. When the pressure of the pressure source

303 is less than the pressure of an adjacent area, the pressure

switch 304 directs the fluid to increasingly flow in the

direction of 221b into the third fluid passageway 203.

According to another embodiment, when the pressure cof the

pressure source 303 is less than the pressure of an adjacent

area, the pressure switch 304 directs an increasing proportion

of the total fluid to flow in the direction of 221b into the

third fluid passageway 203. In a preferred embodiment, when the

pressure of the pressure source 303 is less than the pressure of

an adjacent area, the pressure switch 304 directs a majority of

the fluid to flow in the direction of 221b into the third fluid
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Therefore, as the fluid 30 flows fromthe formation 20 into the tubing
string 22, the fluid 30 will enter the first fluid inlet 201. By way of
anot her eweargpi2a74678 an i njection well, the regul ator 25remyUsh@1psmBdt i oned
such that the first fluid inlet WD 2012/ 074678PCT/ US2011/ 059631 201 is
functionally oriented towards the tubing string 22. Therefore, as the fluid
30 flows fromthe tubing string 22 into the formation 20, the fluid 30 wll

enter the first fJuid inlet 201. [Q056] An, advantaqge for en the device for
it ectrie It Gt 4% A THG0 s Ao (o o Rt & Foguiaea 25 1 n &
subt erjtaneahd grmidore 2E dre thatsddrecanhield Jogulatiedheddrownate of a
fluid within a particular zone and also regulate the flowrates of a fluid
bet we ¥ S5/ 6T Hordd! Zchies ST nctdver ldd\viant %4 Hat Rige #&+ ce 300 can

hel p sol ve r obl em of 0 A f_ a;:het er. Qu fv i qQr exanpl e,
if oil is t%déﬁdggsi red fl uiqg{et 0 %%Po%urc%&%cﬁ%qg}g\%&esf éJOPcO;%n e designed
such tfhatid f30Matiey detiensd he fdeowir dtrelareguleattorde?5 cad ,ong eM,t hitt hes oi |,
then the device 300 can direct the heterogeneous fluid to i.ncreasingly flow
nto CHE RIS 1 G % DGF Paddth o Lhe ecrbase M aacdeit y of
the fliyjtd, chheiersat idHitny ofr thedevime i30Q aldous, foregpes fdgy probl ens
in a formation to be addressed. [0057] Therefore, the present invention is
wel | ddeEmedn ¢ tatitedist tie didy aivd cadfaritagds wight ithsed iasagelly &F t hose

t hat e inherent .therein. T rti ar enbodi s .di sc e ve are
il ustaE;ha if\}éﬁc()fﬂ yt,heasc{eterhseqtﬁ/r ggfegct%el nf\cllgjnjt%l{’or?q%a% %%q%&%eﬁlegdoc}neg@pggcti ced

i n di ffierrentt buty eqiiaeralsgnti mmennenstiapparent to those skilled in the art
havi ng the benefit of the teachings herein. Furthernore, no limtations are

intended to the details of construction or design herein shown, other than

as descri bethggnit he cl ai mershel o d ty i1 1t herefor ao exident-that the
particular illustrative enbodi ments disclosed above may be altered or

modi f isedcamh sal Icestieh rv anitatd oS tare  dongladdradgdniitrhiFia.hé ,scope and spirit
of the present .ipnvention, Wil Q i 1i.0n nd. met hods ar.e, described in
ternms NdjTa J’%cogrr?prllzg;ﬁr‘lags, i 'gceélrﬁrﬁl%l}r:ld@&glréa'll r@cﬁa |er<1}g"sevcgcrlloc?usﬁcorrponent S or
VO 20 B H46 (8PAHWIS20/0 59631 ssteepsind 166,Conpaesiitli ons angmetdiads al so
can "consist essentially of" or "consist of" the various conponents and

st eps MRS FNRERed é@cq%é%%%%qwrthq%qh @&%Wé}eqf} mtis
di scl gsad,. @ny, myrberrand. apy ingldidedd.ange draldd ng i dhe srange i s

specifically disclosed. In particular, every range of values (of the form
"f r omaahmge ardior abowtd g cergr ,tequinssdeentdiy,. "from approxi mately a to b, "

or, equival , "fromapproxi.mately at ") . di.scl osed herein is to be
inder stood YA for th elbry HIRbEI- S gl BricHpge S WA ¢ ho

br oadefuriange afi nepl ues.i vsa.1ddhe i e Wdl e <l s have ddeideflai n,
ordi nary meani ng unl ess otherwi se explicitly and clearly defined by the

pat entiée. tXbriedverd stHeichdd iafiq evmritirtices el ssiresa? 24as et 53+ he
I(:It ai ”Ereogﬁeat%eﬁé' ?%?h@q{geiﬁgg&gge% one or nore than one of the el enent that

i ntroduces. | ere i's any conflict in the usages of a word or termin
this speci fiogatdlon and on€ler morkeyratdtyes)]l arf Dtdrerardoduned& fdratedray be

| neor porated herein by reference he defnitiens.dhah grgoonsistent wieh
i8 In this manner, a fluid 30 may be produced from multiple
zones of the formation 20 via isolated portions of the annulus
28 between adjacent pairs of the packers 26.

[0049] Positioned between each adjacent pair of the
packers 26, a well screen 24 and a flow rate regulator 25 are
interconnected in the tubing string 22. The well screen 24
filters the fluid 30 flowing into the tubing string 22 from the

annulus 28. The flow rate regulator 25 regulates the flow rate
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WD 2012/ 074678PCT/ US2011/ 059631 WHAT IS CLAIMED I'S: 1. A device for
directing the flow of a fluid conprises: a pressure pocket; a first fluid
passagewaWQ 2a120r7é&8ur € source; and a pressure sw tch, wreTAiSR01I0&96B1 r st
fluid passageway operationally connects at |east the pressure pocket and
the pressure source, and wherein the pressure switch is positioned adjacent
to the pressure source. 2. The device according to Caim1l, wherein

dependi on at le one qf the, properti.es the fluid, the fluid that
FPPend st Al ER 3% Tnd MRS 5 Ho' et Sttt o O'ai m
2, furdthers cemrdtsing o secord Jildyi & passageway and-avergi nHderiati d east
one of the properties of the fluid are selected fromthe group consisting

of t hefigw attdoft idie Ftd o 9 it sdfond i Uil frasisageay:"a Hé Widcosity
of th%rf ltlHed’deq{%qttyh%fd%% tfyiuqfd .t heInf lalﬁoqrher embodiment, the well

system 10 is an injection well and the flow rate regulator 25
regulates the flow rate of fluid 30 out of tubing string 22 and
into the formation 20.

[0050] It should be noted that the well system 10
is illustrated in the drawings and 1is described herein as merely
one example of a wide wvariety of well systems in which the
principles of this disclosure can be utilized. It should be
clearly understood that the principles of this disclosure are
not limited to any of the details of the well system 10, or
components thereof, depicted in the drawings or described
herein. Furthermcre, the well system 10 can include other
components not depicted in the drawing. For example, cement may
be used instead of packers 26 to isolate different zZones.

Cement may also be used in addition to packers 26,

[0051] By way of another example, the wellbore 12
can include only a generally vertical wellbore section 14 or can
include only a generally horizontal wellbore section 18. The
fluid 30 can be produced from the formation 20, the fluid could
also be injected into the formation, and the fluid could be both
injected into and produced from a formation.

[0052] The well system does not need to include a
packer 26. Also, it 1s not necessary for one well screen 24 and
one flow rate regulator 25 to be positiocned between each
adjacent pair of the packers 26. It 1is also not necessary for a
single flow rate regulator 25 to be used in conjunction with a
single well screen 24. Any number, arrangement and/or
combination of these components may be used. Moreover, it is

not necessary for any flow rate regulator 25 to be used in
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4. The device according to Caim3, further conprising a third fluid
passageway, a fourth fluid passageway, and a branchi ng point, wherein the
second flwDaopagsageway branches into the third fluid passagesaypssad t he
fourth fluid passageway at the branching point. 5. The device according to
Claim4, wherein the third and fourth fluid passageways have a sim |l ar back
pressure. WD 2012/ 074678PCT/ US2011/ 059631 6. The device according to Caim
3, wherei.n the shape of the pressure pock is selected such that: as the

i ow r&te BE L& FRUTH A i THe Secstt 4 ui d Pacs deErenEss Fhe f1 uid

i ncreasding,y tfilcows e d e Jpressinel pecketswaand msddre 4 laww ataof the
fluid in the second fluid passageway increases, the fluid decreasingly

f1 ows 9T AE FlessUrdpocketse ZOWiRg dévicehaceordiing tesd #4m 3,
wher eig, he RE. Qf, 1t R 6s3Yy efaf’c%g ftgdjllgat%%'se@se%oﬂ%%b:ﬁte@tfn a5 4!

viscosity of the fluid increases, t increasingly flows into the
pr essureergddcKetqgr arrd-iass t he viscosity of the fluid decreases, the fluid

decreasingly flaows into t pressure pocket. . The device accordi to
G a3 oS T he shapa o & RE preLerE Hocks: HTE S8 doried Sith Aat - as
the densii y-L0fe theydilatid dagr easas rd e fdwithy nanrasinglpsddaws dmto the
pressure pocket; and as the density of the fluid increases, the fluid
decr edgienglup DO ws 1M 4% e Pprass s tpoakast .1n InCHfe dadde cascdridi Ad to
Claimé%‘ﬁ@?%%flﬁ%%é'yiflQwhy@%%tion of the wellbore 12 may be cased

or uncased, and any portion of the tubing string 22 may be

positioned in an uncased or cased section of the wellbore, in

keeping with the principles of this disclosure.

[0054] It will be appreciated by those skilled in

the art that it would be beneficial to be able to regulate the

flow rate of the fluid 30 entering into the tubing string 22

from each zone of the formation 20, for example, to prevent

water coning 32 or gas coning 34 in the formation. Other uses

for flow regulaticn in a well include, but are not limited to,

balancing production from (or injection into) multiple zones,

minimizing production or injection of undesired fluids,

maximizing production or injection of desired fluids, etc.

[0055] Referring now to Figs. 3, 4 and 5, the flow

rate regulator 25 can be positioned in the tubing string 22 in a

manner such that the fluid 30 enters the first fluid inlet 201

and travels in direction 221a through the second fluid

passageway 203. For example, in a production well, the

regulatcoer 25 may be positioned such that the first fluid inlet

201 is functionally oriented towards the formation 20.

Therefore, as the fluid 30 flows from the formation 20 into the

tubing string 22, the fluid 30 will enter the first fluid inlet

201. By way of another example, 1in an injection well, the

regulateor 25 may be positioned such that the first fluid inlet
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of the fluid in the second fluid passageway decreases, the fluid
increasingly flows into the pressure pocket; and as the flowrate of the
fluid inwbeopdaoestd fl ui d passageway i ncreases, the fl uiPdTdseoi@asieagl y
flows into the pressure pocket 10. The device according to O aim 3,
wherein as the viscosity of the fluid increases, the fluid increasingly
flows into the pressure pocket; and as the viscosity of the fluid

decreases,. t fluid creasingly. flows jnto the pressure pocket. 11. The
dovi o@Uk gt s A o L TR i A e e Ly o HHe AA-d deor eases,
the fluieddmofegasingne fdionst 38 ¢itdies W2 020 k20 H46A8RCHIIS201 2059631
pressure pocket; and as the density of the fluid increases, the fluid

decr edsicndlyrmatows? idfto e TPress il Wpdckémnten ZheTHd rfdvilcdel gt dorlditng to
G ai m4 wherein as the fluid increasingly flows into the pressure pocket,

the fl'uid increasingly flows into the first fluid passageway. 13. The
devi ce accdradid€j to C ai maAl2 adveerteige a1t hewefl uilee idrcriessifugly flows into

the first Hyuid as%ﬂggm%y tgﬁ#ﬁ%ﬁ Sy € fromthe pre sureéépurce
incre CHE i & & i gsfotoléléjlsrﬁ Bl,n\ﬁneffjé%vhr S he pressure
fromtﬂ%ﬂ&ﬁ%WQﬁS@W&%dﬁ&%ﬁﬁﬁ%nHﬂ%@&ﬂﬁﬂ@@ﬁ%é%%ﬁﬂ%ﬁk%ﬁm%ﬁJWd
to increasingly flowinto the fourth fluid passageway. 15. The device
accor digtyted- ddiamIlew wiedreeiaf as e d Miitdvdimer easitiglut o1 gwsre et t he
Pr ess%rlesooorce‘&%g’aéﬁ]hecﬁf' wd, | ’}Cart%%s!o’%g'o{ ffl'éjol"é? Be@%e\%}]heufd st H‘]foll_’;él d
passageway. ) e device according to al m15, erein as the fluid
i ncreasimgl.y fadrovishdmtaeivdre dga Sts fihstd tpas segaeway ,3athe: 401 essiyr esdfirnam t he
pressure source i ncr eases. i .

he problem of production of a heterogenecus fluid. For

example, if ©il 1is the desired fluid to be produced, the device

300 can be designed such that if water enters the flow rate

regulator 25 along with the oil, then the device 300 can direct

the heterogenecus fluid to increasingly flow into the third

fluid passageway 203 based on the decrease in viscosity of the

fluid. The versatility of the device 300 allows for specific

problems in a formation to be addressed.

[0057] Therefore, the present invention is well
adapted to attain the ends and advantages mentioned as well as
those that are inherent therein. The particular embodiments
disclosed above are illustrative only, as the present invention
may be modified and practiced in different but equivalent
manners apparent to those skilled in the art having the benefit
of the teachings herein. Furthermore, no limitations are
intended to the details of construction or design herein shown,
other than as described in the claims below. It is, therefore,
evident that the particular illustrative embodiments disclosed
above may be altered or modified and all such variatiocns are
considered within the scope and spirit cof the present invention.
While compositions and methods are described in terms of

I£4 W

“comprising, containing,” or “including” various components or
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17. The device according to Caim 16, wherein as the pressure fromthe
pressure source increases, the pressure switch directs the fluid to

i ncreasi igbyofYowsnto the fourth fluid passageway. 18PCThiS2@iewswal
according to Claim1l, wherein as the fluid increasingly flows into the
pressure pocket, the fluid increasingly flows into the first fluid
passageway. WO 2012/ 074678PCT/ US2011/ 059631 19. The device according to

Claim 18, wherein as the fluid increasingly flows into the first fluid
pasSagaRiy” (HE FERSiTE FPBmY e T aLstT € S6Ured | Hersases. 20, The
devi ce seeariding; tar Tl mckds Whergin @ the iRres sWie ddomd heipressure
source increases, the pressure switch directs the fluid to increasingly
fl ow TP I -he Wrowmate T lauindsasisadei@fde 2. LiTe deidce idddordichgt o d aim
9, wh i he ] ui. Si i t et, the
flui dq{é) ce;} eglss,ilnﬁll& ylg'f :H&\%,ch?);s{eo "t ﬁagg}if %rufsnib%fvilﬁtﬁ gdélg;ggrgml/aq?/fé% %ZFH} %%Ee devi ce
accor diaig itrey @i hawhenreian ias ddee iffii=d Idectieadiawgid. fllows into the
first fluyid passageway, the pressure frogﬁtehtre%1 pressure source decreases.
23. THE deVi'eé Tac &ordiing ¥ O M2 Sanétlei i ad e pr Ftor the
Pressyif 3oy, ce fdecreases1dhe Pr essue SWteh divect $ the of luigd to
increasingly flowinto the thi rd fluid passageway. 24. The device
accor dichg ved sdtdivm 10, r avherainexagnative ff lauitd déor elsidnglsed T limtis t he
pressure .pocke t.he fluid de ingly fl into the fjrst fluid .
Passagindy. Hoerdmddanl ehceirdl nats i st dadrdh B e then o
decr easiurgly dHeoows-daiter thendd rest fdidied pagsagewaye tdeenpy eésswte from t he
pressure source decreases. . N , ,

claims have their plain, ordinary meaning unless otherwise

explicitly and clearly defined by the patentee. Moreover, the

w 44

indefinite articles “a” or

A\ 44

an’”, as used 1in the claims, are
defined herein to mean one or more than one 0of the element that
it introduces. If there is any conflict in the usages of a word
or term in this specification and one or more patent(s) or other
documents that may be incorporated herein by reference, the
definitions that are consistent with this specification should

be adopted.



26. The device according to Caim25, wherein as the pressure fromthe
pressure source decreases, the pressure switch directs the fluid to

i ncreasi ngbyofYowsnto the third fluid passageway. WO PCT/US2011/059631

2012/ 074678PCT/ US2011/ 059631 27. The device according to Caim 11, wherein
as the fluid decreasingly flows into the pressure pocket, the fluid
decreasingly flows into the first fluid passageway. 28. The device

accorqj g&?&g@@ vvherel n as the fluid decreasingly flows into the
first c}%p )} t he pressure fromthe pressure source decreases.
29. The device according to Caim28, wherein as the pressure fromthe
pressure source decreases,the pressure switch directs the fluid to

i ncr edsi ngldy ¥9OwWs g (He aiirg fihs d pas sdgewdyl. 11 BEOTFHE SRS ce
according to d aj @Jé%@&%”%%sckelt;

a first fluid passageway;
a pressure source; and
a pressure switch,
wherein the first fluid passageway operationally
connects at least tThe pressure pocket and tThe pressure
source, and
wherein the pressure switch is positioned adjacent to
the pressure source.
2. The device according to Claim 1, wherein depending on at
least one 0f the properties of the fluid, the fluid that flows

into the pressure pocket changes.

3. The device according to Claim 2, further comprising a
second fluid passageway and wherein the at least one of the
properties of the fluid are selected from the group consisting
of the flow rate of the fluid in the second fluid passageway,

the viscosity of the fluid, and the density of the fluid.

4. The device according to Claim 3, further comprising a third
fluld passageway, a fourth fluid passageway, and a branching
point, wherein the second fluld passageway branches into the
third fluid passageway and the fourth fluid passageway at the

branching point.

5. The device according to Claim 4, wherein the third and

fourth fluid passageways have a similar back pressure.
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wherein the fluid is 31. The device according to C ai mheterogeneous. 1,
wherein the fluid is 32. The device according to Caimin a flowrate
regul at orwoR2p12nies78¢i n t he device is used PCT/US2011/059631

0. The device according to Claim 3, wherein the shape of the
pressure pocket is selected such that: as the flow rate of the
fluid in the second fluid passageway decreases, the fluid
increasingly flows into the pressure pocket; and as the flow
rate of the fluid in the second fluid passageway increases, the

fluid decreasingly flows into the pressure pocket.

7. The device according to Claim 3, wherein the shape of the
pressure pocket is selected such that: as the viscosity of the
fluid increases, the fluid increasingly flows into the pressure
pocket; and as the viscosity of the fluid decreases, the fluid

decreasingly flows into the pressure pocket.

8. The device according to Claim 3, wherein the shape of the
pressure pocket is selected such that: as the density of the
fluid decreases, the fluid increasingly flows into the pressure
pocket; and as the density of the fluid increases, the fluid

decreasingly flows into the pressure pocket.

9. The device according to Claim 3, wherein as the flow rate
of the fluid in the second fluid passageway decreases, the fluid
increasingly flows into the pressure pocket; and as the flow
rate of the fluid in the second fluid passageway increases, the

fluid decreasingly flows into the pressure pocket

10. The device according to Claim 3, wherein as the viscoesity
of the fluid increases, the fluid increasingly flows into the
pressure pocket; and as the viscosity of the fluid decreases,

the fluid decreasingly flows into the pressure pocket.

11. The device according to Claim 3, wherein as the density of

the fluid decreases, the fluid increasingly flows into the
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WO 2012/ 074678PCT/ US2011/ 059631 33A device for directing the flow of a
fluid conprising: a pressure pocket; a first fluid passageway; a pressure
source; awm02a17esure switch, wherein the first fluid paTdsgeEnayI63t
operationally connects at |east the pressure pocket and the pressure
source, wherein the pressure switch is positioned adjacent to the pressure
source, wherein a desired flom/rate of a fluid is predeterm ned, and when

the fl te of dl d fl d | ow th
or edetSHATEE oW Tt 14 RS 11 G er Sad gy ThOWe, LG TG pr dScure

pOCkeHﬂﬁﬁﬂpﬁkﬁﬁea51ngly flows into the pressure pocket

12. The device according to Claim 9, wherein as the fluid
increasingly flows into the pressure pocket, the fluid

increasingly flows into the first fluid passageway.

13. The device according to Claim 12, wherein as the fluid
increasingly flows into the first fluid passageway, the pressure

from the pressure source increases.

14. The device according to Claim 13, wherein as the pressure
from the pressure source increases, the pressure switch directs

the fluid to increasingly flow into the fourth fluid passageway.

15. The device according to Claim 10, wherein as the fluid
increasingly flows into the pressure pocket, the fluid

increasingly flows into the first fluid passageway.

16. The device according to Claim 15, wherein as the fluid
increasingly flows into the first fluid passageway, the pressure

from the pressure source increases.

17. The device according to Claim 16, wherein as the pressure
from the pressure scurce increases, the pressure switch directs

the fluid to increasingly flow into the fourth fluid passageway.
18. The device according to Claim 11, wherein as the fluid

increasingly flows into the pressure pocket, the fluid

increasingly flows into the first fluid passageway.
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to when the flowrate of the fluid in the second fluid passageway i ncreases
above the predetermned flowrate. 34. The device according to C aim 33,
further cwopoizi7egrsa br anchi ng poi nt and wherei n the seecmdstéiniosvesl
passageway branches into a third fluid passageway and a fourth fluid
passageway at the branching point. 35. The device according to C ai m 34,
wherein the third and the fourth fluid passageways have a si m | ar back

pressure. 6. The device according.to C.aim wherein . when the flow rate
D “The i U AT S AT o hassoday eI et Thee

pr edetierdvned ddiow Makey i essure ft theiPT esSIH-R1SeUS, Ca HesS [eahfle t han
a pressure of an adjacent area. 37. The device according to C ai m 36,

wher eifif Gihéi et X §Frassuree® Bica He Praesafre source is greater than the
pressure of an WD 2012/ 074678PCT/ US2011/ 059631 adj acent area, the pressure
switch directs the fluid to increasingly flowinto the fourth fluid

passageway.Thed38levihe deviceliace dradidigito 18, aiwhedt inker eile wherns dihe
pressu e of the pressure source is greater than the ﬁ%ressurcglf({ an adj acent

ar ea, e ST G Tt S T A or i Y S "ot IGWw4tit o the

fourt h:Hé Lﬂlqlzﬁﬁ%%%‘f}@éasﬁ%l yThe Aeviae, %@f‘é)rﬂiidlgzﬁ F1¢ i@l Pa3bageherei n
when the flow rate of the flui d in the second fluid passageway i ncreases

above the predetermned flow rate, a pressure of the pressure source is
I ess Eﬂﬁn %ﬂﬁg%ﬁggk%e%%5%%&%%@a%%p%ﬂ%ﬁ%?9, wherein as the fluid
decreasingly flows into the pressure pocket, the fluid

decreasingly flows into the first fluid passageway.

22. The device according to Claim 21, wherein as the fluid
decreasingly flows into the first fluid passageway, the pressure

from the pressure source decreases.

23. The device according te Claim 22, wherein as the pressure
from the pressure source decreases, the pressure switch directs

the fluid to increasingly flow into the third fluid passageway.

24. The device according to Claim 10, wherein as the fluid
decreasingly flows into the pressure pocket, the fluid

decreasingly flows into the first fluid passageway.

25. The device according te Claim 24, wherein as the fluid
decreasingly flows into the first fluid passageway, the pressure

from the pressure source decreases.
26. The device according to Claim 25, wherein as the pressure

from the pressure scurce decreases, the pressure switch directs

the fluid to increasingly flow into the third fluid passageway.
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40. The device according to Caim 39, wherein when the pressure of the
pressure source is |less than the pressure of an adjacent area, the pressure
switch diwecoe/a7ie@sfl uid to increasingly flow into the rhira$26ioss31
passageway. 41. The device according to Caim 39, wherein when the
pressure of the pressure source is |less than the pressure of an adjacent
area, the pressure switch directs a majority of the fluid to flow into the

third f] ui assageway. 42.. The device cording .to C aiim 33, wherein the
br et e TS T e SE TS (i 10" dotedVEl Haoed o et one of

t he preperddaesofy thedfd uirto 2 pthe ded Aeeor dimg 11 ai m 42, wherein
the at | east one of the properties of the fluid is selected fromthe group
consi sHEGGaH He Alsuws iE ofthend s & 1 wive RéeErdsidqyieof- the fluid, and
conbi nati ons thereof. WD 2012/074678PCT/US2011/ 059631 44. A flow rate
regul ator conprises: a device for directing the flow of a fluid conpri sing:

(i) ar.esdure dqeocket ;adddrdiad iTstCfdim & passdagevay,as the fluid
decreasingly flows into the first fluid passageway, the pressure

from the pressure source decreases.
25. The device according te Claim 28, wherein as the pressure
from the pressure source decreases, the pressure switch directs

the fluid to increasingly flow into the third fluid passageway.

30. The device according to Claim 1, wherein the fluid is

homogenous.

31. The device according to Claim 1, wherein the fluid is

heterogeneous.

32. The device according to Claim 1, wherein the device is used

in a flow rate regulator.
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(iii) a pressure source; and (iv) a pressure switch, wherein the

first

fluid passageway operationally connects at | east the pressure pocket and
t he presswpeopmIsee, and wherein the pressure sw tch i sppodistélonss3nd) acent

to the pressure source, a second fluid passageway; a third fluid

passageway; and a fourth fluid passageway, wherein the second fluid

passageway branches into the third and fourth fluid passageways,

wherein as

| f th ies of the fluid changes, the fluid that fl
"t o Che: prostlPe podior Crigse 48 TR igi Ator hceardi g 1 Of ai m 4

wherein the flow rate J8Qulairet;s used in a subterranean formati
a first fluid passageway;
a pressure source; and
a pressure switch,

wherein the first fluid passageway operationally

on.

connects at least the pressure pocket and the pressure

source,

wherein the pressure switch is positioned adjacent to

the pressure source,

wherein a desired flow rate of a fluid is predetermined,

and when the flow rate of the fluid in a second fluid

passageway decreases below the predetermined flow rate,

the

fluid increasingly flows into the pressure pocket compared

to when the flow rate of the fluid in the second fluid

passageway increases above The predetermined flow rate

34, The device according to Claim 33, further comprising a

branching point and wherein the second fluid passageway branches
- Y

into a third fluid passageway and a fourth fluid passageway at
the branching point.
35. The device according to Claim 34, wherein the third and the

fourth fluid passageways have a similar back pressure.

36. The device according to Claim 34, wherein when the flow

rate of the fluid in the second fluid passageway decreases below

the predetermined flow rate, a pressure of the pressure source

is greater than a pressure of an adjacent area.

37. The device according to Claim 36, wherein when the pressure

of the pressure source 1is greater than the pressure of an
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adjacent area, the pressure switch directs the fluid to

increasingly flow into the fourth fluid passageway.

38. The device according to Claim 36, wherein when the pressure
of the pressure source 1is greater than the pressure of an
adjacent area, the pressure switch directs a majority of the

fluid to flow into the fourth fluid passageway.

39. The device accerding to Claim 34, wherein when the flow
rate of the fluid in the second fluid passageway increases above
the predetermined flow rate, a pressure of the pressure source

is less than a pressure of an adjacent area.

43. The device accerding to Claim 39, wherein when the pressure
of the pressure source is less than the pressure of an adjacent
area, the pressure switch directs the fluid to increasingly flow

into the third fluid passageway.

41. The device according to Claim 39, wherein when the pressure
of the pressure source is less than the pressure of an adjacent
area, the pressure switch directs a majority of the fluid to

flow into the third fluld passageway.

42, The device according to Claim 33, wherein the predetermined
flow rate of the fluid 1is selected based on at least one of the

properties of the fluid.

43. The device according to Claim 42, wherein the at least one
of the properties of the fluid is selected from the group
consisting of the viscosity of the fluid, the density of the

fluid, and combinations thereof.
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44, A flow rate regulator comprises:
a device for directing the flow of a fluid comprising:
(1) a pressure pocket;
{(ii) a first fluilid passageway;
(1ii) a pressure source; and
(iv) a pressure switch,
wherein the first fluid passageway operationally
connects at least the pressure pocket and the
pressure source, and
wherein the pressure switch is positioned
adjacent to the pressure source,
a second fluid passageway;
a third fluid passageway; and
a fourth fluid passageway,
wherein the second fluid passageway branches into the
third and fourth fluid passageways,
wherein as at least one of the properties of the fluid
changes, the fluid that flows into the pressure pocket

changes.

45, The regulator according to Claim 44, wherein the flow rate

regulateor is used in a subterranean formation.
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