WO 2009/ 156878PC1711120091051934 CHOKE VALVE W TH
FLOW | MPEDI NG RECESSES CROSS REFERENCE TO RELATED
WOPY/LYBAT ON [ 0001] This application clainms priR§T/EBR0GIH51934

U. S. Provisional Patent Application No. 61/076, 595,
entitled "Choke Valve with Fl ow | npedi ng Recesses",

filed on June 27, 2008, which is herein incorporated

by reference in its entirety. FIELD OF THE | NVENTI ON

[ 0002] Enbodi nents of the present invention relate

mbod; mtORE Pl TE yAR RLEOMRE NG RERAESSES:ovce
val ves. BACKGROUND [ 0003] This section is intended to

i ntroduce the reader to various aspects of art that
CROSSREFERENGE J0 RELAFEDR APRIJGAJIONOf t he present

10001, S eV S LM RE 14 B (¥ lcALTBY A ABStcalBh o

scusston TS I'n provi
61/078,688 centitied Chakdk ¥alverwith Aloar-mgbedimy Recéssaisl,ifiled en dune 27,
bet t er .under. st andi pe%cof t.he vari Qus aspects of the
2008, RS0 AR ALALRFIPTRGLS N 118 SeWEH-d be

understood that these statenents are to be read in

FIELD OFSTHE (VENTIONNOt as admi ssions of prior art.
n many fluid-handling systens, it is useful to

0004] I n, ! .
[0002Ld i ﬁg{boglmqar@}ﬁ &f the pregeptipyentigrirefate generally to valves. More
particularly, some embodiments of the present invention relate {o choke valves.

BACKGROUND

[0003] This section is intended to introduce the reader to various aspects of art that
may be related to various aspects of the present invention, which are described or
claimed below. This discussion is believed to be helpful in providing the reader with
background information to facilitate a better understanding of the various aspects of the
present invention. Accordingly, it should be understood that these statements are to be
read in this light, and not as admissions of prior art.

[0004] In many fluid-handling systems, it is useful to adjust a fluid's flow rate. Often,
fluids (e.g., a liquid, a gas, or combination thereof) enter the system at a relatively high
pressure before flowing to lower pressure regions of the system. The flow rate driven
by the resulting pressure drop may be greater than desired. High flow rates may erode
components, generate unpleasant noise, and deliver greater volumes of fluid than
downsiream components are equipped to optimally process.

[0005] To adjust flow rates, many fluid-handling systems include choke valves.
These valves typically include a movable valve member that translates over an opening
through which the fluid flows. By shifting the position of the valve member relative to
the opening, the size of the opening may be increased or decreased, and the flow rate
of the fluid may be adjusted. In some types of choke valves, the valve member can
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[0009] FIG. 2illustrates an embodiment of a choke valve;

[0010] FIG. 3illustrates an embodiment of a throttling member with flow-impeding

recesses,;

[0011] FIG. 4 illustrates a second embodiment of a throttling member with flow-
impeding recesses;



[O008]FIG 1 illustrates an enbodi nent of a

fluid-handling system [O0009]FIG 2 illustrates an
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an enbodi nent of a throttling nmenber with

fl ow i npedi ng recesses; [B8011]FIG 4 illustrates a

second enbodi nent of a throttling nmenber with fl ow

i npedi ng recesses; WD 2009/ 156878PCT/ 1132009/ 051934 3

[0012]FIG 5 illustrates an enbodi nent of a
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recesddst h flow

[0013] FIG. 6 illustrates a third embodiment of a throttling member with flow-
impeding recesses;

[0014] FIG. 7 illustrates a fourth embodiment of a throttling member with flow-

impeding recesses;
[0015] FIG. 8illustrates a second embodiment of a fluid-handling system;

[0016] FIG. Qillustrates a fifth embodiment of a throttling member with flow-impeding
recesses;

[0017] FIG. 10illustrates details of the throttling member of FIG. 9;

[0018] FIG. 11 illustrates a sixth embodiment of a throttling member with flow-
impeding recesses; and

[0019] FIG. 12 is a graph of flow coefficient versus valve member position for
systems with and without flow-impeding recesses.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0020] One or more specific embodiments of the present invention will be described
below. In an effort to provide a concise description of these embodiments, all features
of an actual implementation may not be described in the specification. It should be
appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as compliance with system-related
and business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be complex
and time consuming, but would nevertheless be a routine undertaking of design,
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disclof@ei tion for systens with and without flow i npeding
recesses. DETAI LED DESCRI PTI ON OF SPECI FI C EMBODI MENTS

[0021] When introducing elements of various embodiments, the articles “a,” “an,”
“the,” “said,” and the like, are intended to mean that there are one or more of the
elements. The terms “comprising,” “including,” *having,” and the like are intended to be
inclusive and mean that there may be additional elements other than the listed
elements. The use of “top,” “bottom,” “above,” “below,” and variations of these terms is
made for convenience, but does not require any particular orientation of the
components relative to some fixed reference, such as the direction of gravity. The term
“fluid” encompasses liquids, gases, vapors, and combinations thereof.

[0022] FIG. 1 illustrates an embodiment of a fluid-handling system 10. The fluid-
handling system 10 may be part of an energy-acquisition or processing system, e.g., a
hydrocarbon-production or processing system, such as a subsea or surface oil or gas
well, a pipeline, a natural-gas processing terminal, a refinery, or a natural-gas powered
glectrical plant. In some embodiments, the fluid-handling system 10 may be a gas-uplift
system, a water-injection system, a water/steam/chemicals injection system, or other
system for conveying fluids.

[0023] The fluid-handling system 10 includes a fluid source 12, a choke valve 14,
and a fluid destination 16. The fluid source 12 may include a variety of fluid sources,
such as an oil or natural gas well, a pipeline, a tanker, an upstream choke valve, or
upsiream components of a processing plant. The fluid source 12 may supply a variety
of fluids, such as air, natural gas, oil, water (steam or liquid), or combinations thereof.
The fluid arriving from the source 12 may be at relatively high pressures, e.g., pressures
greater than 500 psi, 1000 psi, 5000 psi, or 10,000 psi.

[0024] The choke valve 14 may include an inlet 17, a valve body 18, an actuator 20,
a valve-member assembly 22, a throtiling-member assembly 24, a gallery 26, and a
fluid outlet 28. FIG. 1 illustrates a split view of the choke valve 14 that is divided along
an outlet axis 30. The portion of the choke valve 14 above the outlet axis 30 is in the
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throttling member 108 and the outer cage 110. The throttling member 108 and the
outer cage 110 may be made of tungsten carbide, Stellite, or other appropriate erosion
resistant materials. The illustrated throttling member 108 and the outer cage 110 each
include a plurality of openings 112 and 114, respectively. The openings 112 and 114
generally define right-circular cylindrical volumes. The openings 112 and 114 are
generally coaxial with each other and extend generally radially from the outlet axis 30 at



I i nkage nmount 84 and a val ve-nmenber nount 86 at
opposite ends. Each of these features 82, 84, and 86

WO 209t56878al | y coaxial with the outlet axis 30.PCIAB2009/051934
I i nkage mount 84 and the val ve-menber nount 86 have a
general 'y tubul ar shape. &he |inkage nount 84 incl udes
interior threads 88 that mate with the shaft 60.
[ 0031] The val ve-nmenber nount 86 includes seals 90,
92, and 94. These seals 90, 92, and 94 form sliding

. al s,.agai,ns the rottling- menber a nbl 4. The ... .
diferepEpoRtdt Lt fi A tefes &b " The PiRaboS 1P ERGY fHpace g interior
116 of 1RE thrblind AieMLELNeBah FMidSdoMmaniEatbs witd E!ih@géllé @6 when the

i nkage interface 80 of the valve nenber 6 The seal s
choke ygivegi# isgpeng 6l heowitergrger btD My indudadhigneepertip fdy dhat
overla@é Y iﬁ&ﬂ@@%@ﬂbb?ﬁ g%gﬁﬁ %rthﬁ']'kﬁr Ljﬂ@ﬁ%k 8 th&t defines an inner

al ve- me r Aoun gener a I'nes an 1 nner
sidewalbl 20ve Th® hnen didewall 28rmay Isealzagedrmt theheedla 961 9R,cingh@4 as they

st 392 P cEPHBLERS el BB 20 S0 AR Wi o

impedirgtetedstsurze!. 18athicl ivdseoichturéd WRR and M24rHre alesorbed ibhdlow in
the quter volune 104 through a plurality of angl ed

greate gl rebereng® e bfem-ngs 72 and 106 may cooperate

with the inner volunme 102 to generally equalize
[0034]or eAS UhRtr %d’@ﬁpld he t%’b&!ery@b%@ réQ%hl?%ﬁnhi&?volume around the

downst ream si the val ve menb Equal i zi ng t he
outer gagssE10- eThe galkiery @Baxtends sunstantiaHy 0h9GW§lYI qreupd the outer cage
110 arﬁ’d‘%ﬁ&‘er&ly%%%&%h%ﬂ?oﬁﬂét"a%ué@d?ber 68 from downstream
ure € surface area generating axial |oads

is reduced to the cross-sectional area of the shaft

[0035B2. I Gsalidr dlomhihoough thg-cineke ealvasidasisdjusted by manidating the

scuaU50, AR Sk T 1% U 046, B 5800 o
transldt@ aﬁfallgnaloh@m oGt @xis It hhuefmcb\lmttdmnpsw trenvaivd @&mber 68
and 110 are gener al lcl),clagegax al w

t | et
betwean i aHllyiapgntang jully- pasitigns |"Hsftrﬁf§dt9y§§) G 8- ?@symovmg the
efbih cage
e e G B 2"
be made of tungsten carbide, Stellite, or othe

[0036hppV\81ﬂﬂ fhiic epless fhenchakei valvni4 nfaf[l@ysmtgrougmhe inlet 17 (FIG. 1),

son i AFHER B4 L FAERRRSapRLo0 bl 0 lghade, o i

flows amspdthé veley cagdd 10 modithgsightheanfdhd plirglidypef apénings 114 and
Fg f%re right-circular cylindrical volunes. The
112 ée 'ngs 112 and 114 are generally coaxial with each
ot her and extend generally radially fromthe outl et
[0037pXI $h§(ﬂowtraté/ﬁr@.@'9mé&ﬁ1&llé B@I%lﬂtﬁdé}ﬁé?{démé Fﬁ)smon of the valve

membglbfgéie - g@toppp%ls%ldﬂ i@ab Ut i Iy?q%:%xs @Intlil%ee%tfre{y@structed by
a.

the vai\)érrﬁébeF‘ g8 m%mé‘f%ﬁgﬁé \bgﬂ@g%i? gﬁ@llgb\g p%ﬂ;]@w tmsé &%?J{nggurface

78is hla%@ agamstﬂpe saglingisheuider 2% theywalve srember GSaeay impede or

o o A5 A1 S} HRSGBREVRIIFR s 3l g s movec

a shont dhﬁncw aleaypfromithe sa‘atyngsetad)uldgm 2‘Etsuch dsh&teiaé speting9212 are

94 as t sI| e rottli nbe 08 .
st otEfrupiades releBudly Siistlmanti ol Mygisnan 0 Brayeh Bt gpenings 114 and
112, afdrgj’fhb@MéIWS Sptﬁé§€%al$a4’nelﬁ9‘éh68?fpéslﬂ ﬁ@flé@ﬂhﬁé@ﬁg ¥8Gesses
124 are described below in greater detail wth
reference to FIG 3. [0034]As illustrated by FIG 2,
the gallery 26 is a roughly annul ar vol unme around the
outer cage 110. The gallery 26 extends substantially
or entirely around the outer cage 110 and is generally
coaxial with the outlet axis 30. [0035]1n operation,
fl ow through the choke valve 14 is adjusted by
mani pul ati ng the



actuator 20. As expl ai ned above, rotating the wheel 54
(FIG 1) causes the shaft 60 to translate axially,

W06 156878 out | et axis 30. This novenent dri veRCE¥R3009/051934
val ve nenber 68 between the fully-open and
fully-closed positions ilPustrated by FIG 2. By
nmovi ng the val ve nenber 68, flow through the choke
val ve 14 may be adjusted. [0036] Wen fluid enters the
choke valve 14, it flows in through the inlet 17 (FIG

124, o168 Syl R AAAISh HE e BRI B B AR 1 s evplaines
furtheebslowdvitteférehes te FIE. 3 18 806 pati alvpl the ﬁoﬂﬁrr%)@ﬂmg recesses
plurality of openings 114 and 112 (FIG .2), [l

124 may sedycn Bediomuiaimin his RaTHRR o e aMamgalRergstoket t'fethe valve
memeBE B34 B ob ot ol Pl rERAPSIUTRL EpBel 7o o
the vatvesmemiber 68diobe nobeyertapsthempeningediliay flaidgoay flow eyentere

quickly JE8ueRPfE ey B ehE S 2 e M infEidra 8BS eR gt hember
assembNDEdi Q\r;d fou$ thrpughu trsd @Jiﬂelt aBI(ylal 1). fﬂm\gsb*l gblmetgbfosmon of the
valve Giegier s oA oH g Fsha YAVE SAd USRI der 125,

such that the openings 112 are still obstructed, a

[0038] el RiG VElisteames ladaneHat dedhild bithe fieayinideen haces@“s 1PE The
openi ngs 114 and 112, along the sidewall 78 of these

flow-inpediag feapsees 484 mayeaghke aigsRerally &yl recessJe dhe throttling
o B0 SRR 1, AR R8s YA 18] Byt o

groovégs:| I8.otthgr embodinpngs, el flowrimpedingeeoessastrhay ebibarund the

throttigg Fregibet 1 ine? Vel Rer S (BE . Araq it inpeRE | B SRR Fow-
impediy] receSRIEOEI4 Bavid 4 glRerally sbhﬁcmoalaﬂpr@fﬂmg &Sorofile of about 180

shifted even further toward the ogpen posltlon suc

degreehat a chiglesiTdevilow-imieding fecesees 14 maydavessd @H&eiehbge thatis
ddu

betweBEppf STTCRENARAR 4 he, 14 /b ahERA AR B Sbout 1.2 mm

or abauhd enmmorin pﬂmrcﬁmbachmehtsotha flowrimpediog recsseeb 14 mMayhave a

. ; t I . El 1). T gL
profietat i L Rrilht Honich chensele big- 94 Bt B pSligHE v some
other ﬁugmswﬁ @€ tHobel deszrbes beldw WN 3&kFdride t8 AIGI 4 Baghdlow-

) adltlon det ils oftheflo [ %E‘Lag‘ﬁr ess s 124.
impechfiga eCPRRul 24 1A, iRy & 8eRBLY SIBNar RIS pNEP ST Hapeging
recess'éﬁnfé@br ﬂ'%‘lyerﬁﬁ 'h?vé Hﬁfefré}'itg:frbhlbé‘ GUERHSh tH@%mbﬁ%wﬁé’rﬁrﬂescnbed
i I'l'us % | ow I npedi ng recesses 4 may be

belowmétheieferenetablGooves. 1n ot her enbodi nents t he

fl owinpeding recesses may coil around the thr ottling
10030§77C¥Fifrel gy BB Fody 128 befidi Ghcrt @ e MBA I Reir SR Eeses 124,
The gae B8 ahdyybe generally etjaal tp thod wlldih 1@6apf thaﬂw@mpbdmgfrecesses

f Th fI

124, of B R 424 DV o Ol R PLIFBEPaN e GHEetore Ashrinaome
embodiRfeints, %593@128%@@@&ea@e%ﬂde@r@se eb@lﬁg\mérbtﬁl%@dkls@os(FlG 2),

mm and about 1.2 nm or about

such asipde ﬁmhoglmemitéiqspam Rplow \H@h r%fse?g@esxo fiﬁ Gelr thaay bg
generé’!fﬂﬁr‘n#o?mten@ﬁg irﬁs alr&ftﬁ)ﬂt er or smaller portion of a

or a profile with sonme ot her
shape such as those descri bed below with reference to
FIG 4. Each flowinpeding recess 124 may have a
generally simlar profile to the other flowinpeding
recesses 124, or they nay have different profiles,
such as in the enbodi mrent descri bed bel ow with
reference to FIG 6. [0039] There may be a gap 128
bet ween each of the flowinpeding recesses 124. The
gap 128 may be generally equal to the width 126 of the
fl owinpeding recesses 124, or the gap 128 nmay be
greater than or less than the dianmeter 126. In sone



WO 2009/ 156878PCT/ B32009/ 051934 10 [0040]FIG 3 al so
illustrates an annul ar gap 130 between the sidewall 78
WhI009/K6878al ve nenber 68 and the throttling nerBSEYIBREE/051934
The gap 130 nay be between about 0.5 thousandths of an

inch and about 10 thousandths of an inch, e.g.

bet ween about 1 thousandths of an inch and about 4

t housandt hs of an inch, or about 2.5 thousandths of an
inch. In sone enbodi nents, the gap 130 may be

040 LS S5 e, ARG T2l b B o

valve irerriier Issrmdmabmtbttm@ mesniser MEISC etk gl 130 Fy s Bétwekn about
var al onﬂﬁ)t he dire t| on of novenent

05thfe+fsana§1p @né begt 16 usaﬂq#@s RO dNGHe Rk befreen about 1
thousTI tl?é ?ﬂ éﬁ‘ﬁrcﬁ%{ﬁ’@ee{bo%% th&isaﬁlgirs/ba i |H§ht&pa%’o%g25thousandths of

| ustrates e menber
an inchor £0o® amengdimenisp theaga h30 maytbe manufaa@tureudp beamcmg the

smalcf Yo e GFREREH b RTE bl PO BHRS T roting

membﬂa% 308 Bb @i mifclhﬁmmatrh rTMegiizr% bfether@ml Tlg) rhai vahyndlong fiee disgction
1 round the v e and I ntq._the .
of moyETentH My alkE mararera. B theoaie Fgmabe 8 fegheitingmember

108, ozgo{,-ﬁln b&tapdrddsone conventional designs, this flow
|s rel a |ver | arge once the contact between the

surface 76 and the seatlng shoul der 122 is

[0041br Cokich firaies foa YaHeImaT b ARLisELlovotw eVl opegation. In

is mgh Bt ot ottt SRR sppulle oz but e
sidewalt 7% piil awdriaps the oparingHd 2f | duidflessdbraughdbe lepehiaggldg, into the

g2p 130 drayld EERENE e eRL SR, S FRE LB AU BALE Bhesriof Mefigaes o

the quRMilﬁm R8MFEEd ) omsometdopRentivred tdéagns hnnsffldeS remﬁedlwfbﬁge

sinflowrate_ as h |sbr
once fls’ﬁ QOUEP{/E%‘?BéPe §8aling guface 36'&9 @ief Aé% 1S
broke@n\ﬁhé ABRLIm %bem:g' rﬁ%ﬁe@gl 24eﬁ8®%€ﬁr a?xﬁbafe%e'té I@%?g& this flow and
jacent the sidewall and the rottlin

decrea&eethelfl@w aipwbendhe E@'Q‘S smemhebs is lgrtlwlm-ﬂqw cmmee@fsrwratlon

e 3 8y ek 18,8752 ol Y O oL, LIPS F o S53HE s
entersrantbsdieeatB4of ﬂn@flwampmdgtrec;e??s ?ﬁge\)t:isgxwarsim and

contraffiyt bros Inen Yo pestio s i BRg ALLPY e 5 eieal i broken.
As thec\myé?m\éﬂiﬁé? GQ@IdEQ %?drﬁé the 6pé|4| béﬁfléﬁhﬁé foW-lm edin

diment of a throttling ne he Iustrate
recesaqerarp,qﬂgsmﬁg@djapgmt the gdwalws,ﬁmq tﬁg throttllng effect of the flow-

Y n i
impedfiofh s AT GFadiffly BLRIASE Nhd O R 0 Babidaby fever flow
impedimgpecesdest W24o the flmvrate \Mar2adsy. 1BEET] mm&&ma&mg&é@&tes 124
are beiluélved to decrease the rate at which the flow rate increases as the valve member
68 moves, thereby increasing the rangeability of the choke valve 14.

[0042] FIG. 4 illustrates ancther embodiment of a throttling member 134. The
illustrated throttling member 134 is similar to the previously-described throtiling member
108 (FIGS. 2 and 3), except that the throttling member 134 includes a plurality of flow-



I npedi ng recesses 136 that are differently shaped from

those descri bed above. The illustrated fl ow i npedi ng
WOr0%¥t%8 136 have a general ly annul ar shape WQINB2009/051934

general ly rectangul ar cross-section. The corners of

the cross-section 138 ardlchanfered to reduce stress

concentrations. The flow i npeding recesses 136 may

al so be referred to as grooves. The fl ow i npedi ng

recesses 136 may have a variety of different

impediiogedessiza,iirt SRpficrenky Shitved o efibRefiecrbed 'Bove. The
illustratsPBSwSRBEHIAY aécéd%eeqseawagéraegéﬁérw;t ahaettbe with a generally
cross-sectional sh ape, genera y squar e

rectangulgs srosewection Toe apmerao tecgrass- §e¢tmp*e%ar@aﬁhamfered to

f
reduod 75 SEEEhDRRlns PRIl Bl IRREE 198 ATERDR Birea o
as groovesa Vi ﬂewnmpbdmg]ré@ee‘.sesﬂlﬁ@ rohy bave aIuaeeMofcﬁﬁﬁEﬁBsroSs-
he .il.lustrated, va 0. ncludes

. aqd 3.
secttorbz[l l?l@P?? >;thadl]ng &,\g?r}ﬁ;%ly ol E?Y Féctsgssaeg@oriézsha{?ﬁ generally elliptical
cross-§é@inangiefien e dererdiyafaddiiadebbsecairal shape, w&ﬂe&’tﬁlly square

recesses in the sidewall 78 of the va Iv? menber 140

Cross- mlonab%mmpéa%@ral@d@@@égldﬁhg%ﬁgseﬁm §67RS-Arigjherizhapes or
shape as the fl owinpedi ng recesses 124,
conﬂm@%ﬁ?ﬁgﬁ%ﬁ lave different shapes. The |IIustrated

rom#iggedlng recesses 142 have a gener al
|

[0043)s enf &3 rEcillugirates asethee ermberimenitof gt vadve @ﬁmﬁr rHéAtiR thenghoke
vave PENCES (Z588%, TRBNRS oo Lol OHing IRk pagy iy of tow-
impedingrretédsesd 42e rifher fladwHmpdtiagirétesses dd8dicefihe genhérally annular

recessRa g ie.Sowgl FREY sl Merabernidth e Lo ABE ey recgrges 142
may héée?géﬁérangém $n® B&eaeﬁﬁ difipe d9thkTow-eifkeihdRitesséd €24, or

150, and 152 increase in the direction
they ntaydiavsarc&ffe/fanwanﬁ% ehegusttaied flandmpsgiagiregesasst142have a

onerl i IR TR S EBRR7 oo P oo,

such asrthbése mentibeediabowces 154 and 156 bet ween
flowinpeding recesses 146 al so increase in the

oosaf PSRBT mpb P e

ilustrated froottiingTheméept #4 |rﬂolﬂﬂjesléﬁluralmﬂofl&ﬁrlv;anﬂedlhg rmeﬂsbs 146 that
4 a 6 e se ted to.tune t W, r.at e at
have ifferpal Gering S06¢ | S.argl 6 BB & SHe abBIess 1 i embddiment,

the deBIRNTIEE 1501 B1RY 952 KikfedSintiRe Blragiish thel aiel vemle/melffee GBIMoves
each ot her u&etream of regi ons where a snal

when ppritiagdutimoihes gmbedimends, f@egiepéms b S0, aﬂddéﬁxr@ay increase in

the otBE TEEUABEREORTd 2yl BofifEh oXhe pBRdetrtsH R T peffeen flow-

impedingrrebessespiaitt alfo orease iartog bpenlngsiareemm dn‘ut iregihens

embodieieht, e ey SlorediaiBans olfierdiSRIOTPEDS Senpial Bnlffrm. The

depthsam hign, 8RR Q8P EREtthe widths N5atdrd 185 ARapRRrselddted d enethe flow
| ustrates a sectioned per spective view of the

rate attmﬁ@ient pegjtionsefdhe valye member 68+ Far expmpige gtanaves idbigay be

C e | . _
placed RARRY e Bttt Bpatichns bY reflorks WHere HERANG ingreasein
flow raté® @orax givgre asroaint pf veive sEmeberGd moeemsekis dekirgdaorchineygrooves

uni f orm di nensi ons, but other enbodi nents may i ncl ude

fl owinpeding recesses 160 with varying di nensi ons or

ot her shapes, e.g., smaller or larger portions of a

sphere, frustoconical or conical recesses, or recesses

generally defining a parall el epi ped volunme, such as a

cube. The illustrated flow i npeding recesses 160 nay

be referred to as dinples. The flowinpedi ng recesses

160 are generally arranged in a hexagonal lattice, but

ot her enbodi nents may include recesses 160 arranged



[0046] FIG 8 illustrates another enbodi nent of a
fluid-handling system 164. The illustrated

WOF2009/t6687%8ndl i ng system 164 i ncl udes the PCT/IB2009/051934
previously-described fluid source 12, choke valve 14,
and fluid destination 16.12n this enbodi ment, though,
the direction of flowis reversed. The fluid source 12
is coupled to what was previously the outlet 28 of the
choke valve 14 (FIG 1), and the fluid destl nati on 16

146 ma pf 83688 fdrel Bl i BRE b S liob e gl Fhefea oreater

increasy BT fléw eate\4 RO WAVETHEMBEIBS RER/RL94 aedifstt 13 val ve
menber 68 before fl ow ng through the throttling-nmenber

10045 ok A elrtas sRaiey eftBonErdntal B uRg soeriter 1S,cric. 7

|Ilustra‘té§9a%bétidihefd| pRSpaivE viewPaf thieahtottlif ﬁﬁbrﬁ@ér\/ﬁsmﬂ@ﬁlhsﬁ&ed the
| owi npedi ng recesses 124 (FIG 3 136 (FIG 4)

throttllpgn@m@gr 158uigcludesa myralityrof fiow-immeding (eeessss 15$(bWTI{1¢,e

|Ilustraftérﬁgﬁ\6d@ mh?&inplré’é &e va#rg %g%llyvrdg #@rﬁ:ﬁ I?&%é

generaliyturéfiorrafdimensiohs;i kit Imttmtlennhy)chmemsnnay mcquﬁeGJovcl)mpedlng

recesse o GO uaryinadiinenSITPS Y Bl Shpe. il e Raliet aflpi portions
of a sgHer&: frustodtRicdl bP e6hisliTeEessRSC 8PteckBsds n%@%r@l%ﬂbammé ge

166 includes a throttling-nmember asse hat
parallgigpiped ¥elsmes SHCh A @ quber el f@tlilv@ra}e@ ﬂawumnesilngd@eesq%é 60 may

be refé?%%& [ nc?lﬂ{(P & U'm%ﬂ&%uﬁéé\f gﬁcr)@e vgg\/ée 1 (sgé?' er"]‘a;)’v'“gbaer?ed na

hexagmalsiautbhe, bUi@tnerremmbdndnmngntsern’apmmmess%’fﬁﬁmvartmd

differe'{r'nﬁﬂz " |%%??§$%%Lp£ g@"g rﬁ%%.ggrt I%@jcéhgmwﬁmgodiments may

includ€ comdirsgiohs onite ﬁdvﬁmpédzﬁg fecebBes A60 ianbulsé pﬁé@@hsly B@scnbed

flow-inipagi g, eppeeas 1ok o el IS b e 1P, 68" S HY shuin

some ér?l%obmérﬂg gﬁe %gﬁbé’é EétWe\én%efr éé@ségﬁeﬂ'nwj 5@68&?&& witft

di sposed a nt a seatlng der 1767 n an
smaller ﬁﬂwmedmweoessasetoumrease theg:umh@re@f recesses| yn se@e

embodiols, 14 | SHatRPARREERAEE R0 dninte Il ARind €8 surtace

roughriiéss cf3Ge {HroBingdnenibér 168) Gor Bxampies tHe-suifade) of the thrdltling

e g R A8 A AR B
and prBl/@bQioQPG@ﬂlp%n aT&SWI@:D\ﬁi’ CPécﬁﬁH‘#éc@%sé@‘lGWﬁre H'&anﬂ{e?f t%%nscrete

i nclude a a bottom 182 with different
dfmp!egrmabﬂnquﬁg\&e \_r.anetn@adl_’[fseentrvagfa&ns indhg surfaee geometry of
n the top 180 of one plate 170 nmay
the thrBﬁﬁﬁef%g@'leb]e&llsﬁ t he passages 186 on the bottom 182 of

an adj acent plate 172, thereby form ng a tortuous path
[0046]bet MiEe B iHustraibeanadiBer anmdbodimenitdf et fluldbandlingsystern ié€de The

hsoef (T dbg Ry sy TERENSABS R BoviniyiokrieS ol squree 12

choke b&ﬂre mhanexmmamaﬂmes 19 thigrembodirgert, th‘@ngh@iHe)dlrectlon of
i ndrical shape. Each o

|
flow 'Sé'ﬁ)b@'ﬁ§81l) Eﬁ;‘;(ﬁﬁ&%g%gge h8ys peupled %Whﬁbwﬁﬁ @rQVFé%SIXJB@ Qullet28 of
the chSKé’@él% 9q FRE‘ 91£8§3d ;Hé’ ﬁg&p e8lindtRin_ 1818 db%b%%ﬁmﬂa?%as

along the 't ates 170 or assages
previousp the tuig |mlab1'bﬁleom) 1 Bpthisf embedla'aﬁrﬁ,ctbetﬂu;d ws firsp over the




WO 2009/ 156878PCT/ EB2009/ 051934 14 [0050] I n operati on,
a fluid flowng at relatively high flowrates (e.g
WOReH1BB val ve nmenber 68 is recessed beyond cRC'lthé0091051934

fl ow i npedi ng recesses 174 in a high-fl ow node of
operation) may be slowed By the tortuous path through
the plates 170. When the val ve nenber 68 is closer to
the closed position, in the | owflow node of

operation, the grooves 174 may slow the flowrate

vave UL BTk BT BT BB E Sy TS e
gallenyf Z@Vand”@)&ml4g1erc&me$@ﬁ/el1?44 Agxﬁh élﬁ% rélxg&s(érhﬁodlﬂ')ent Jld2the
, or

fluid ﬂw&naﬁt—%eanw&y E@'éé@b!@ rqqrmb%§8 ef!aw;wapqcis@g F%‘i’éé%"?? &F 1G. 3),
136 (F96. &P%@QPI@%}E‘!X@ @66§ FrG749F| tcﬁo@%ﬁﬁy sfovPiie' FRMPSH the fluid.

and the tort ths 'hr ough l'ates 170 may
extend the rangeabilty through higher flow rates.

[0047] 00BHG.R itiustiates pngther ambodimentafra eirlediaiieni 6 mwhich may be
used ih Bflef of F SORERIQIhE Systéfhe i RIS, 15 of B4 RS e TS,
componmitmdfethefo@oke vabvei 186 arageneidly, sirh B, toZb@se afittie 262ke valve 14
1 98, 200 02 I .
(FIG. GiRsfibeq 3BpieteReAcBayie croke Va6 BossaS adhfdiiRo-member
assenw %@tﬂax flindiBhs @k Chpiccreldtively grabumry Ib%ﬁtﬁefﬁrbssure of fluids
eneral ly radi ally about central axis

flowing iapore FsuRReHae 166 Togiuding therdne siiphe yabeJeRds fuly-open.
As sucH M2 r B Rt SRLerh BB IMbD BeGBRE DA% dfifn 200,

her ang he openi ngs are generally
arranged in a hexagonal | atti ce around each of the
[0048)c agP¢tails ®f theorotiing:mambep egsernbly 168 ayeisépwn in a cross-sectional

view oﬁﬁ%ﬁd{ dmﬁ% Ttus rQFedo Pr?enfhp&ﬁm§ar eﬁ[{%{ ?:?sé}ﬁlgl nl%%qncludes a plurality

erent g., Inasq I'ce. 1he opénings
of platé@4 70 istamkgd dnhe basg platel 9B2.aiMbe 2a6e plate Mi72ahe| gaexia yxdl.trhllty of

flow- i Geling (RASSSP% 50 BLSPRobd AEIAGRN 7 oR i shadRs 11BN ilafor 178

of the ﬂlﬂétt[ln-aﬂﬁleﬁﬂﬁ?%sé&%bl (83, ﬁﬁéiﬂé’mmpealhgdsc@ers%glm mapmcme
08 that hold the cages in spaced relation and defin

any Ofg%@r/@@@h@dewmeé frexyimpeding recesges 1 7é (@lﬁa&)e‘s’ﬁz(ﬁﬁt 8), 142
e eni ngs 204 through adj acent
(FIG. E@éggé (Ellg%,é%@gﬁg{ﬁéZ @ [0052] The illustrated inner
cage 202 includes a seating shoul der 212 and fl ow
[0049] npEachmof theqiateed 721ig gemerallp similasis ye dibec plabesil 1l Zach

st Bl opipics 4 gpheralk bl iines) THE Hekd 70 Befice atop 180

and a be@bm%@hmuﬁemrﬁbﬁoupﬂw@f pdseugespediang 1laes:meatn%1ﬁ The

passages, 484 ORNE IREc1 S0 @%eest%é .“ BrvdEigEa0 g passages 186 on
the boggogslégié‘gé?iis%; E:P?OOQ/ : 51934 féfmmg a tortuous path between an
inlet 188 and an outlet 190. Each of these paths may include expansion zones 192 that
are of increasing size between the inlet 188 and the outlet 190. The expansion zones
192 may have a generally right-circular-cylindrical shape. Each of the expansion zones
192 may be joined fo the next upstream expansion zone 192 through either the
passages 184 along the top 180 of the plates 170 or the passages 186 along the bottom

182 of the adjacent plate 170.



i nclude any of the previously-described flowinpeding
recesses 124 (FIG 3), 136 (FIG 4), 142 (FIG 5), 146
WQBpEIS68I8 or 174 (FIG 10). The fl ow i npedi nPGRBE4&S1934
214 may extend the rangeabilty of the choke valve 166
(FIG 9) to lower flow raldes, and the tortuous paths
through the cages 196, 198, 200, and 202 nay extend
the rangeabilty through higher flowrates. [0053] FIG

12 is a graph illustrating flow coefficient CN versus

val ve- ne ion 0 ventlo
roosol ) Eoerghaty %hswm% oty N P8 T g dr R he vaive
membéﬁ368$§&%es§'édfb d'efttRe AbwEhipeding :reeasmms.ntémlgh flow mode

per cent age of t e val ve-menbers stroke fromthe closed
of Opeﬁﬂélinﬂmﬁy %ﬂewsﬁ@yébgé%wsf@éhé@@ﬁga thenpiataso 0. When the

valve @)‘%ﬁﬁ)dlr t%BQéAglol%Pﬁfo ﬁ@%ﬁé‘é&@kp‘bsﬁ’tfﬁ &wie ﬁn\blg df @peration, the

ustrat |na | ow npde
grooveptihmayrsio the tiow ra’:ertkzmmghdhalthrotthﬂl@r'r\mamtn;sar asgemblyE8/in a

manng/ i ot haP e BreodiGuing R RN i hsne S rro. o)

136 (RIGad))aubyFiG.3) ﬁm(SFIG 8}y arogi4f (FeGend). e Nﬁw—imp@dlag recesses

174 magy GRE 155 SangaAtUDLel the cPAs Kalve T8RAF IS Sitanowe Herates, and
the tofl’t?du‘éepeflﬁé"gﬁﬁuéh ﬁ{e; G4fes ﬁd’mgg laxidr@ tﬁb?&hdé’éb? y through higher

control | abl eby i ncreaSing rangeabil |
flow rgi@®54] The choke val ves 14 (FIG 2), 166 (FIG 9), and
217 (FIG 12) descri bed above may be characterized as
| .
[0051?1; EiG Sgaiﬂﬁﬁﬁi@%gggtg'g}@frﬁoﬁﬁﬁ%ﬁ}%%ﬂﬁ o?ﬂuﬂg‘?nér%%rzi éﬁﬁ%uch
may béremplomd inahe ehpkandvan &b ISt Agd hedhrod;tllageﬁmberr‘r%dncludes
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within the spirit and scope of the invention as
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WO 2009/ 156878PCT/ 1132009/ 051934 17 CLAIMS: 1. A
devi ce, conprising: a choke valve, conprising: a
WA IWBI8y tubul ar throttling nenber conpri si MET/EB2009/051934
seal i ng shoul der di sposed in an inner volunme of the
throttling nenber; 15 a plurality of
openi ngs configured to convey a fluid between the
i nner volume of the throttling nenber and an outer
volune of the throttling nenber; and

nctudd T TR RG9Sl ek L0 196 (i
4), 142’(FIGT6 Jof46t (FeG1 BY, oF t 74 BIGTEITPE The ABW-impeding recesses 214 may
val ve msnber di sposed at |east artlally in the inner

extend, e [apoeabiltyaf ﬂwﬁ,qg'p[(g VAlyenEEIG. 9) to lower flow rates, and the
tortuous paths through the cages 196, 198, 200, and 202 may extend the rangeabilty

through higher flow rates.

[0053] FIG. 12is a graph illustrating flow coefficient Cv versus valve-member
position for both a conventional choke valve 215 and a choke valve 217 with flow-
impeding recesses. The ordinate of FIG. 12 represents the percentage of the valve-
members stroke from the closed position, and the abscissa represents the flow
coefficient that the choke valves are believed to exhibit. As illustrated, in a low-flow
mode of operation 216, the conventional choke valve relatively rapidly steps 218 to a
higher flow coefficient. In contrast, the choke valve with flow-impeding recesses
gradually increases flow coefficient 220 when in a low-flow mode of operation 216. The
flow-impeding grooves are believed to increase the portion of the valve member’s stroke
in which the flow rate is controliable, thereby increasing rangeability.

[0054] The choke valves 14 (FIG. 2), 166 (FIG. 9), and 217 (FIG. 12) described
above may be characterized as multi-stage choke valves, having one stage (or stages)
formed by the passages through the throttling member from the gallery and another
stage (or stages) formed by the flow-impeding recesses. The passages through the
throttling member may throttle flow at relatively high flow rates, thereby providing a
relatively high upper flow coefficient capacity, and the flow-impeding recesses may
throttle flow at relatively low flow rates, thereby providing flow control at relatively low
flow rates. When the valve member is retracted beyond the flow-impeding recesses,
the choke valves may function with one fewer stage, e.g., as a single-stage choke

valves.

[0055] The stage formed by the flow-impeding recesses may be relatively robust to
blockages from material flowing through the above-described choke valves. If debris
becomes entangled in the flow-impeding recesses, the valve member may be retracted,
and the resulting increase in flow through the choke valve may clear the blockages. In



2. The device of claim1l, conprising a plurality of
fl owinpedi ng recesses including the flowinpeding

WO 208%5%878 3. The device of claim2, wherein tRCT/IB2009/051934
plurality of flowinpeding recesses conprises a
plurality of generally anlful ar grooves. 4. The device
of claim3, wherein the each of the plurality of
general |y annul ar grooves has a generally semicircul ar
cross-section. 5. The device of claim2, wherein the

each .of th lurality of flow.imeding, recesses has a .
some ERBBARerGind P ISP anr SN B ey B8 mfiiforda, and i
an incfé2b e thef prebsird dtop Whestetiedt e eHkearanal may ivecdpefed to clear

fewer than 10 flow i npeding recesses in the plurality
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depth. 9. The device of claim2, wherein the
[0056]p| uWdlilettye oivehtiawmaybedsusgeptivleds earicsmodiieations and
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drawinReirRi iaviese el ddsalibby irPfethll PerdiAP sWSef, SCRRRPbe understood
npri se grooves of generagdytgequal depth that are

co
that the paiastioawagolintanded 4o Sadimi yhepgdiselaaferyns dis¢elgsed. Rather,
the invEnBibA €6 cover all modifications, equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the following appended claims.



11. The device of claim 2, wherein the val ve nenber
conprises another plurality of flowinpeding recesses.
WO12R09/186878devi ce of claim 1, wherein the gener #0NB2009/051934

tubul ar throttling nmenber conprises a cage. 13. The
device of claim11, whereild the generally tubular
throttling nenber conprises a plurality of generally
concentric cages. 14. The device of claim1l, wherein
the generally tubular throttling nenber conprises a
plurality of plates that form passages configured to
throttle a fluid flow ng between the plates. 15. The

CLAIMBvi ce of claim1, conprising a fluid source coupled

1 %Ie choke vial .ve, wherein the fluid source conprises

' VP ﬁ%ﬁr‘ﬂpggas well, a pipeline, a tanker, an

upsa cRoKa aé]eé(a;dﬁqi,ﬁgmg upst ream conponents of a
processi ng pl an rgy-acqui sition system or a

conbi ﬁﬂqr@ﬁalwﬁﬁp'éléf throtilgpg Membgr RRTREENSConpr i si ng:

noving a val I

b of 11 ng o a T o e s AR AE LR o
membef; t he val ve nenber and the throttling nmenber; and

expand 19 alafir3pbhits COR RS Mo KLU e e

inner vbfumd loé theethhattiingfmerhbemnaridan wotsreiolunex phihe theptiind member;
contracting the fluid conprises expandi ng and
and  contracting the fluid three or nore times through

three or nprRwliniedinPREesd dfs%@é@ Bétweeh&heE'éﬁhrﬁ@E‘éﬁ&ﬂder and
of claim 16, conprising expandi g and contracting the

the pluralify @f operiughiroihe ionerelume obibs inognersbes e8d i n
the sidapal heflbet BRepbBLy &t BEPSrially in the inner volume of the

throttling member.

2. The device of claim 1, comprising a plurality of flow-impeding recesses
including the flow-impeding recess.

3. The device of claim 2, wherein the plurality of flow-impeding recesses
comprises a plurality of generally annular grooves.

4. The device of claim 3, wherein the each of the plurality of generally annular

grooves has a generally semicircular cross-section.

5. The device of claim 2, wherein the each of the plurality of flow-impeding
recesses has a width between about 0.2 mm and about 5 mm.

6. The device of claim 2, wherein the choke valve includes fewer than 10 flow-
impeding recesses in the plurality of flow-impeding recesses.



19. The nmethod of claim 16, wherein noving the val ve
menber away fromthe sealing surface conprises axially
wO909/Hg818he val ve nmenber through the throttli MECTABANO051934

20. A device, conprising: a throttling nenber
configured to seal against8 a val ve nenber in a choke
val ve, wherein the throttling nenber conprises one or
nore fl owinpeding recesses. 21. The device of claim
20, wherein the throttling nenber conprises a sealing
shoul der .. and wherein the flowinpeding.recesses are

7. ai o pee Bhvigh BheltR = nbeldt e SUialT BT hESSRG REeets

comprite\d plardlity 6f @inipléd), wherein the throttling menber
conprises a generally tubular cage. WO

2009/ 156878PCT/ 02009/ 051934 20 23. The devi ce of
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comprise grbaves ofodiffeding déptht he throttling menber is includes
a material including tungsten or dianond. 25. The
device of claim 20, wherein the throttling nenber

9. conPhé desice optiairald, wnedin phaprsalidebf vwgmpedihg redadses

of Qass_a es, 26. The device of_ claim 20, er _hn,the
comprisgs figw-i g RRESPRRIRANG MDD Aty ditfering
distangggural ity of grooves.

10. The device of claim 2, wherein the plurality of flow-impeding recesses
comprise grooves of generally equal depth that are spaced away from one another by a
generally uniform distance.

11. The device of claim 2, wherein the valve member comprises another plurality
of flow-impeding recesses.

12. The device of claim 1, wherein the generally tubular throttling member

comprises a cage.

13. The device of claim 1, wherein the generally tubular throttling member

comprises a plurality of generally concentric cages.

14. The device of claim 1, wherein the generally tubular throttling member
comprises a plurality of plates that form passages configured to throttle a fluid flowing
between the plates.

15. The device of claim 1, comprising a fluid source coupled to the choke valve,
wherein the fluid source comprises an oil or natural gas well, a pipeline, a tanker, an
upstream choke valve, upstream components of a processing plant, an energy-
acquisition system, or a combination thereof.



27. The device of claim 20, wherein the one or nore
fl owinpeding recesses conprises a plurality of
WOR0aYI6878 28. A device, conprising: a choke R{(TB2009/051934

conprising: a generally tubular cage conprising: a

seating shoul der; 19 a plurality of
recesses in an inner sidewall of the cage near the
seating shoul der; and a plurality of

openi ngs extendi ng between the inner sidewall of the
cage and an outer sidewall of the cage, wherein the
plurality of openings are di sposed on an opposite side

16. of Ahﬁembu,rcdrhpwgmg recesses fromthe seati ng
shoul der ; di sposed at | east

par Fexinga vr#\f% H@relaﬂeawwté?r@. Ehsega%@g urfage onya yotlling member;
r eCASFAG %emééwza@ eWélIQUf e O’vé‘ midrbbhét afrloot Me throtling

hrough™a gap between the plug an i nner
membef ande cage. 29. The device of claim 28, vvhere| n the
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recesses in the throttling member.

17. The method of claim 16, wherein expanding and contracting the fluid
comprises expanding and contracting the fluid three or more times through three or
more flow-impeding recesses.

18. The method of claim 16, comprising expanding and contracting the fluid
through one or more flow-impeding recesses in the sidewall of the valve member.

19. ‘The method of claim 16, wherein moving the valve member away from the
sealing surface comprises axially moving the valve member through the throttling
member.

20. A device, comprising:
a throttling member configured to seal against a valve member in a choke

valve, wherein the throttling member comprises one or more flow-impeding recesses.

21. The device of claim 20, wherein the throttling member comprises a sealing
shoulder, and wherein the flow-impeding recesses are disposed adjacent the sealing
shoulder.

22. The device of claim 20, wherein the throttling member comprises a generally
tubular cage.



30. The device of claim28, wherein the plurality of
recesses conprise a plurality of generally annul ar
wWQRoa16878 31. A nethod, conpri sing: RCTAB269/051934

bl ockage in a first stage of a nulti-stage choke valve
by moving a val ve nenber Hhay fromthe first stage and
increasing a flowrate through the other stages. 32.

The nethod of claim 31, wherein the first stage is
downstream fromthe other stages. 33. The nethod of

25, ot LR BhyoRRTRRD LBl L RubrgmneRr ulboses a plraity o

genergllyakbulptages.a decrease in flow rate through the choke
val ve, or both. 34. The nethod of claim 31, wherein
the first stage conprises a flowinpeding recess in a

24. t hr ¢hé Hbﬁ@e %f%ﬁﬁ 20, WPerdlR thd Birbi g%eﬁﬁ'b@? [®idéudes a rﬁ'ua;/terial

wher el n I"'ow i mpedi ng recess conprises a gener al
lncludmgﬁumgatergoodwond the throttling menber. 36. The
nmet hod of claim 31, wherein the other stages conprise
a stage forned by openings through a throttling
25. nmenke device of claim 20, wherein the throttling member comprises a plurality of

plates defining a plurality of passages.

26. The device of claim 20, wherein the one or more flow-impeding recesses
comprises a plurality of grooves.

27. The device of claim 20, wherein the one or more flow-impeding recesses
comprises a plurality of dimples.

28. A device, comprising:
a choke valve comprising:
a generally tubular cage comprising:
a seating shoulder;
a plurality of recesses in an inner sidewall of the cage near the
seating shoulder; and
a plurality of openings extending between the inner sidewall of the
cage and an outer sidewall of the cage, wherein the plurality of openings are disposed
on an opposite side of the plurality of recesses from the seating shoulder; and
a plug disposed at least partially in the cage, wherein the plurality of
recesses are configured to disrupt a fluid flow through a gap between the plug and the
inner sidewall of the cage.

29. The device of claim 28, wherein the device comprises an actuator coupled to
the plug.
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30. The device of claim 28, wherein the plurality of recesses comprise a plurality
of generally annular grooves.

31. A method, comprising:
clearing a blockage in a first stage of a multi-stage choke valve by moving a
valve member away from the first stage and increasing a flow rate through the other

stages.

32. The method of claim 31, wherein the first stage is downstream from the other
stages.

33. The method of claim 31, comprising detecting the blockage by detecting an

increase in pressure drop across the choke valve, a decrease in flow rate through the

choke valve, or both.

34, The method of claim 31, wherein the first stage comprises a flow-impeding
recess in a throtiling member.

35. The method of claim 34, wherein the flow-impeding recess comprises a

generally annular groove in the throttling member.

36. The method of claim 31, wherein the other stages comprise a stage formed
by openings through a throttling member.



