CHOKE VALVE W TH FLOW | MPEDI NG RECESSES CROSS
REFERENCE TO RELATED APPLI CATI ON [ 0001] This
wWappebissrs on clainms priority to U S. Provi si onedCT/BROEIS1934
Application No. 61/076,595, entitled "Choke Valve with
FI ow | npedi ng Recesses", fliled on June 27, 2008, which
is herein incorporated by reference in its entirety.
FI ELD OF THE | NVENTI ON [ 0002] Enbodi nents of the
present invention relate generally to valves. Mre
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This section is intended to introduce the reader to
various aspects of art that may be related to various
CROSS RERERENCEHRO IRELATEDiIARPRIICATIONMI ch are descri bed
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2008, Aﬁ&@ﬂ 9 hRjEW, ingarperaied By Keferangerisite satitaiat t hese
statenments are to be read in this light, and not as

FIEL@@)‘F'PFIEQNVE‘NTIGN or art. [0004] In many fluid-handling
systenms, it I1s useful to adjust a fluid' s flow rate.
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the system The flow rate driven by the resultlng
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[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

downstream 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



of the fluid may be adjusted. In sonme types of choke

val ves, the valve nenber cancl ose the opening and sea
w@eonsas7& seat, thereby dropping the flow rat BCT/B2er51934

or near zero and closing the choke val ve. [0006] Many

conventi onal choke valvesZ2are difficult to contro

when they are near the closed position, e.g., wthin

the last 5 to 10 percent of the valve nenber's travel.

As t he val ve nenber opens fron1the cl osed position,
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tB hout  t he dr vgger e| 008 FIG 1
rangeapy D/s 7 deviatigns Sdﬂ eanf‘ Vi BedPRRgredusedgiatively

large SRR tHel flew fatd! | ustrates an enbodi rrent of a choke
valve; [0010] FIG 3 illustrates an enbodi nent of a

throttling menber with flowinpeding recesses; [001 1]

BRIEIFUES(‘}RI#TIQNOFt'ﬁ-ﬁE pRWINGsenbodi ment of a throttli ng
nber with flow npeding recesses;[0012] FIG 5

| I | ustrates an enbodi nent of a vaI ve-nmenber with , ,
[0007} | o e and e¢ner features, aspects, and advantages of the present invention

will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:
[0008] FIG. 1 illustrates an embodiment of a fluid-handling system;
[0009] FIG. 2 illustrates an embodiment of a choke valve;

[0010] FIG. 3 illustrates 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;



recesses; [0013] FIG 6 illustrates a third enbodi nent
of a throttling nenber with fl ow npedi ng recesses;
WO O®368F G. 7 il lustrates a fourth enbodi nent PGE/1B2009/051934
throttling nmenber with fl ow npedi ng recesses; [0015]
FIG 8 illustrates a secoldd enbodi ment of a
fluid-handling system [0016] FIG 9 illustrates a
fifth enmbodi ment of a throttling nmenber with
fl ow i npedi ng recesses; [0017] FIG 10 illustrates

etalls_qf the throt mepber of Fl 9; [.0018 ,
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recesf@ber with flow npeding recesses; and [0019] FIG 12

IS a graph of flow coefficient versus val ve nmenber

Ion for systems with and wi thout flowinpeding
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mpecﬁr% or nore specific enbodinents of the present
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manuf acture for those of ordinary skill having the
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[0019] FIG. 12is 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,



"the," "said,"” and the |like, are intended to nean that
there are one or nore of the elenents. The terns
w0 e@apsasss ng, " "including,” "having," and the PCREB20%051934
i ntended to be inclusive and nean that there may be
addi tional elements other 4than the |isted el ements.
The use of "top," "bottom" "above," "bel ow," and
vari ations of these terns is made for conveni ence, but
does not require any particular orientation of the
nts relative to saone fixe ef erence, suych_as
fabricgliah anAdERTURCHFe F 41560t orpiRanesl heying the beralifoh e
discloki@ui ds, gases, vapors, and conbi nations thereof.
[0022] FIG 1 illustrates an enbodi nent of a
fluid-handling system 10. The flui dhandling system 1Q
[0021}qy V\b'ée"p'é‘ifrpd%'naﬁ'%ﬂ@?tg)‘i’f YaiRHSSeMPed mants e éﬁéﬁ'ﬁﬁg a,
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wat er/ st eanm chenj cal s i njection system .or other
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compéﬁ(é*t@ & d ‘%‘%dﬁ‘i@ﬁx&j fdfbieRcd oéﬁc%%s]{%fe cﬁ‘r_egf‘é’rli( Bf %ﬁé‘vﬁ‘% The term
4, and a fluld destination 16. The id source 1
qund”rearszompasmhcwld@rgaeey wsipofd, @nd combinaiipnsdoeteohs an oi |
or natural gas well, a pipeline, a tanker, an upstream

[oozzﬂ‘gﬁg."ﬁhgﬁy?ﬁé daH‘Pér%BSé\FH @?BPQ@IEP&‘ ﬁqn‘&i‘hn@ sgét%f?é' g e fluid-

source
handlingaydiem $0omaalise part of aatemeady- g@cmmmm or mm:essmgspammre g., a
or. conmbhi nati ons thereof. The fluid arrjvi

hydroglaérgﬁwp%gd%@p@é pi%cqgéwgo%/s m %cgtq%wbsrﬁagw sur*acle%% or gas

well, Dpipehng eSnatBrdl-gas Presesdir@Steahdal, f refingty, 808 nBtiral- wered
bipe 5000 psi , g FIbrlo 00(5fgSt 0024 ?Ige choke val ve

electrlgal ;’p}ggt Iﬁ@omerghoqjlmemts 1€e flgldmrw@ngéugemm 0 gy be a gas-uplift
c
systerﬁhégﬁt Ee@tloﬁ,szébgg g?ﬁ@ét&%ﬁ??ﬁ%ﬁ%ﬁﬁ%grye%?n system, or other
systerhlfai cbmtyingtfm&. FIG 1 illustrates a split view of
the choke valve 14 that is divided along an outl et

10023f " g i BEnBRo Sk i v R0 Bubilled fr ROt 14
and afflaid deslinafion 6. dhekkid sbwee 1142 rhey mwiudeea oaridteof Axidsodtces,
such éssarh r(J)i| or natural gas well, a pipeline, a tanker, an upstream choke valve, or
upstream 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 throttling-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



the fully-open position. As explained below with

reference to FIG 2, the actuator 20 may nodul ate fl ow
wheiwasis’s he inlet 17 and the outlet 28 by adjBSI/iB2G09/051934

the position of the valve-nenber assenbly 22 rel ative

to the throttling-menber assenbly 24. As descri bed

below with reference to FIG 3, the throttling-nenber

assenbly 24 may include flowinpeding recesses that

slow fluid flow as the choke valve 14 is initiaIIy
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¥ have a diameter 38 that is between about 1/8th
choke,\@é\re thd about 10 inches, e.g., between about 2 inches
and about 5 inches. [0026] The body 18 may i ncl ude an
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generallyangm o4r4:um3£yllmdflqaﬂpora0p|3l4r(alerqnyaftﬁr b}dindrlo@imrtrr@as” wblch is
48, i . Of . i ng.tk
ot o) 8ge ARG e N ABELH DB BRRI ALY Tl ese
volumé6 32rghd %}wnmytbsﬁgerfdralmeoaﬁkfal IVHN"] an Sﬂbt:aitd Wan@ﬁrayl & in fluid
poves ousi ng, se seal s may be biase
Com"%%aﬁg'ﬂ %@@P@ é&ﬁﬁr%@mcfg%@ﬁhéa{%o&t IR 619?3( 2‘? Cflhe
cylindR&AIP¥HidI34 h’fé&#’rﬂﬂe@&aﬁfétér Wﬁ‘fé‘t T&@et%eﬁ%oﬂ&/ﬁmﬁch and
actuator interface 42 may include a plurality of

aboutt1irigeltred ekb| betwgémab@yt Bondnes asdmahouh§ inghesact uat or 20
and a mai n opening 52 through which the actuator 20

[oozeghe?\ﬁ@%obg) fégﬁégg{cﬁ}ao% %@%%g@ﬁg?%nﬁﬁhc &ﬂ’ﬁie)‘fa%@ 42, and an
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downstream components. The inlet flange 40 and the outlet flange 44 may also include
annular grooves 49 for housing seals. The seals may be biased against upstream or
downstream components by bolts extending through the bolt openings 46 and 48. The
actuator interface 42 may include a plurality of threaded bolt openings 50 for securing
the actuator 20 and a main opening 52 through which the actuator 20 extends to
manipulate the valve-member assembly 22. The valve body 18 may be made of a

variety of materials, such as a low-alloy steel or other appropriate materials.

[0027] The illustrated actuator 20 is a manual actuator that includes a wheel 54, a
threaded opening 56, a threaded bushing 58, a shaft 60, and bearings 62. Each of
these components 54, 56, 58, 60, and 62 may be generally coaxial with the outlet axis

30. The wheel 54 may be configured to rotate about the outlet axis 30 on the bearings



t hreaded opening 56, a threaded bushing 58, a shaft
60, and bearings 62. Each of these conponents 54, 56,
we0988878nd 62 may be general |y coaxi al w th PEEIB2009/051934

outl et axis 30. The wheel 54 may be configured to

rotate about the outlet a%i s 30 on the bearings62,

t hereby driving engagenent of the threaded opening 56
with the threaded bushing 58 and axially pushing or

pul l'ing the shaft 60. Clher enbodinents may i ncl ude

62, thegeby e Snaariain ot et Sishind S¥hutiahs freaded bushing
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belowGVitH Fedéredad t@pr@_@n 66) Bot h of these vol unmes 64 and
66 may be generally coaxial with the outlet axis 30

in fluid comuni cation with the downstream
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pl ug, but other enbodi nents nmay have ot her types of
[0029]/al WG n2itloetrates HaelitionbLdetadd efthealaes-meniber aésembly 22, the

ncl udes an openinhg 7 a_di st f aIin
throttigGrmeRGey BSsRE] eAoand hhodlisty 36, MEiarad BP pictaper
assemithg 2blihdIsddsh Qblveah¥bsesP ahd 68 a'mﬂatmt |$nkfagat7l@r EFhelalve
74, 76, 78, and 80 areéﬁenerall coaxial with the

membgiBBetn thisi emBedimeR is pais Put othes eerkadimedtsimag Baye other types
of val%%ﬁntféré Crl*bé‘ Jf@%btéﬂi\?@he\%ég%% in@08ed 86 o leﬁuh@'?i Afrstal

gener al I'nes the area between conce
face 7di, aclealing Eﬂmréacseew mgdewaﬂ ABeanba iokagaintsriabef §thebhaiillustrated

valve Hﬁjnitﬁqorcécg]' |t§J rgF |7€azg,f %2383 8%' allre798en"élpaqu cog>l§|%9with the
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may _be made of tungsten carbide, Stellite (a
the dlggbfgpg 7Aranweraliv dafingy the afaadntwesn §Rncentric circles. The sealing

surface 76 generally defines a frustoconical volume, and the sidewall 78 and linkage
interface 80 generally define right-circular-cylindrical volumes. The valve member 68
may be made of tungsten carbide, Stellite (a cobalt-chromium alloy available from
Deloro Stellite Company of Goshen, Indiana), or other appropriate erosion resistant
materials. In some embodiments, the valve member 68 or other components of the
choke valve 14 may include materials of lesser erosion resistance that are coated with
erosion resistant materials, such as tungsten carbide or a diamond-type coating

material.



Deloro Stellite Conpany of Goshen, Indiana), or other

appropriate erosion resistant materials. In sone
weeodsasent s, the val ve nenber 68 or ot her conPCHEBWEY/051934

of the choke valve 14 may include materials of |esser

erosi on resi stance that arfe coated with erosion

resistant materials, such as tungsten carbide or a

di anond-type coating material.[0030] The actuat or

| i nkage 70, in this enbodi nment, includes a shaft 82
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of the valve member 68 through the opening 72. The
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generbfing axial loads is reduced to the cross-sectional area of the shaft 82.

[0033] The throttling-member assembly 24 includes a throttling member 108 and an
outer cage 110. In some embodiments, the throttling member 108 may be referred to
as an “inner cage.” Both of these components 108 and 110 are generally coaxial with
the outlet axis 30. A generally tubular recess 111 in the body 18 may house the
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



as an "inner cage." Both of these conponents 108 and
110 are generally coaxial with the outlet axis 30. A
w@emwensdsrg t ubul ar recess 111 in the body 18 nBYTI/IB06%051934

the throttling nenber 108 and the outer cage 110. The
throttling menber 108 and8 he outer cage 110 nay be

made of tungsten carbide, Stellite, or other

appropriate erosion resistant materials. The

illustrated throttling nmenber 108 and the outer cage
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portion 118 that defines an inner sidewall 120. The

greatqrgieiail Witk esfarancedo Fidy3seal agai nst the seals 90, 92,
and 94 as they slide. The throttling nenber 108
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rotating the wheel 54 (FIG 1) causes the_shaft 60 to

betweepdig fdlyeorexi 2nd flly-glosee Posiionsllustrated by B@. 2ripy moving the
h
valve [FR¥fEB e, RoWHRRUGRnY 8o TRTDIY sy BELRRT I° i by

FIG 2. By noving the valve nenber 68, flow through
[0036] he Wiheykiuid intars the alagkenealvgljl disit Bows [rotblw]ghmennlet u7 FIG. 1),
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flows arodindrthe outes oagblwmarﬂ&hr@gha)nmoftthe piahlitg rof oaéninghe 14 and

112 (UL

[0037] The flow rate through the choke valve 14 depends on the position of the valve
member 68. The openings 112 may be partially or substantially entirely obstructed by
the valve member 68, thereby impeding a portion of the flow, and if the sealing surface
76 is biased against the seating shoulder 122, the valve member 68 may impede or
stop substantially all flow through the choke valve 14. If the valve member 68 is moved
a short distance away from the seating shoulder 122, such that the openings 112 are
still obstructed, a relatively small amount of fluid may flow through the openings 114 and

112, along the sidewall 78 of these valve member 68, past the flow-impeding recesses



fl ows around the outer cage 110 and t hrough one of the

plurality of openings 114 and 112 (FIG 2). [0037] The
wo bwis@re t hr ough the choke val ve 14 depends BCI/1B2009/051934

posi tion of the valve nenber 68. The openings 112 may

be partially or substanti & ly entirely obstructed by

the val ve nenber 68, thereby inpeding a portion of the

flow, and if the sealing surface 76 is biased agai nst

t he seating shoul der 122, the val ve menber 68 may
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such that the openings 112 are still obstructed
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assen bl P4idraeslt figrolg6 B9S85tk 28 (FRY. T)edTiR, bzghﬁﬂi@/wh@qio%itiorm of the
this portion of the valve manbersstro If the

valve anykerRsifiew thepuol taecheleivalverd 4fisagiveled: owar d t he
open position, such that the sidewall 78 of the valve
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Tl ow even nore quick rough the openings 112 and
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membaﬁhﬁggblﬁé szlfgzh % |ﬁLlII thag&gﬂg\ﬂ %)Eglngur%ﬁ%s\?gl VeFrlﬁg}(ﬁgé)refbeéred to as

groovéé om @theoamlboﬂimerct@,cthe_flmafrmmneﬁmg iecasiassihag coll QARB the

hrotGPT LAY § ETECE STIER 10 FRAT R RSkl g Blsgissiow-

mpedlr?gfré&%s&a?ih H§v@a%%ﬂ§i‘a@l&'s\énﬁélmﬂla”rrprbfﬂéeélg 'arbrbh% of about 180
hr ot t | such, the il rated

degrees @fmauorrp@duTr’r@ flay-irpeding Pecasags 84 medyehasa d@rra@er 126 that is
petwelh EP0.5 P AL ANAHATROL * ekl it LIPS By about 1.2 mm

recesses may coi i ng nenber
or abcwtriannerlnajtmd embcbcd)rrmnmad;ﬂm fh@Ntldmpedldlg rébessiek [ 1@4tmay bdve a

f1 owi | ]

profilelodl ts15 SR O5egtaPEPORIOR.of Srrsiee 3 4R AIC, 96 @(Prafig with some

other gﬁwee%acﬁfasah&;é G Rribdl ‘bede\PWrth RAMES thetesaeEatR4low-
have a dianmeter 126 that is between about 0.5 nmm

lmpeda’.rgjrea:gg@ﬂ 24 mgi| haveya geperalle similas drefile Isthensthadl uwdupeding
recesdest Moy they may have different profiles, such as in the embodiment described
below with reference to FIG. 6.

[0039] There may be a gap 128 between each of the flow-impeding recesses 124.
The gap 128 may be generally equal to the width 126 of the flow-impeding recesses
124, or the gap 128 may be greater than or less than the diameter 126. In some
embodiments, the gap 128 may increase or decrease along the outlet axis 30 (FIG. 2),
such as in the embodiment described below with reference to FIG. 6, or it may be

generally uniform along this direction.



or about 1 nm |In other enbodi nents, the flowinpeding

recesses 124 may have a profile that is a greater or
wapmbliss79orti on of a circle, e.g., an arc, orPEI/1B2009/051934

profile with some ot her shape, such as those descri bed

below with reference to FIG 4. Each fl ow npedi ng

recess 124 may have a generally simlar profile to the

ot her flowinpeding recesses 124, or they nmay have

different profiles, such as in the enbodi nent
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membtﬁﬂ'@%@z’s Hatdhel het WeesikBef Hedgxmh 80 ihyafary BRN ahéaurecnon
menber 68 and th%ﬁthrott Gd%r 108ny y g

of mow@veﬁteofﬂta@ ¥akg nagroher 68.5- thl%‘é%im meneperfs, Thﬁ%we@tﬁwg member
108, cﬁ%%%r’rﬂa ttterﬂggp%dt hs of an inch, e.g., between about 1
S

t housan an i nch and about 4 thousandt hs of an
i nch, or about 2.5 thousandths of an inch. In sone
[0041} b GtfE n@ itlust fratesdheaplve30emagr &2 iman-Hewunede olooprsation. In

nis R el G R B el VT g SFRis T2 out e

sidewal 78 3¢l operilaps theepehirgy DF2. tﬁelcg‘aﬂvslﬁ&@oumythéafp,enaigoﬁ‘ga into the
dir gl or] of novenent

gap 1éggarou§1 \’/%”T?é‘mfér%(’}@ng tgl?ﬁ%\égtqqnicﬁldoqu%gg thgjdeads to
the iU oQﬂ’ét'PgrﬁY g) tIﬂ%ﬁ%‘cor{\fé%éﬁal'ae@gn% inid ﬂ’&k"@k‘i‘éwb%arge

val ve me In a | ow npde “of operatlon
once thigi eontani detwern t@@aaelahgg §urrfacea:é6 7pdithe Q@amdsmmerﬂﬁams

brokeé.cgrh &?f?)w {r]rﬁ)eﬁ}g(t e%%gsﬁggég‘l‘b e&gfla?é %% éd tggd %@é{ {hIS flow and

decrea@eemerfg)vlﬂae wheihahte Iwalv@apemB@r Gansalumrtdeﬂdwe—flmwl mederefhbedration.
ps thg e fipesSsaheobihe Bre. 19B) it PSiartSdneetmtunnd Botlracts as it
enterdI@5d 818 eddh & the AWwLifpedirRf ie¥Bsses BFAEThis expansion and
contraction throttles the flow, impeding sudden jumps in flow rate as the seal is broken.
As the valve member 68 slides towards the open position and fewer flow-impeding
recesses 124 are disposed adjacent the sidewall 78, and the throttling effect of the flow-
impeding recesses 124 is gradually decreased, and as the flow passes by fewer flow-
impeding recesses 124, the flow rate increases. Thus, the flow-impeding recesses 124
are believed 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 another embodiment of a throttling member 134. The
illustrated throttling member 134 is similar to the previously-described throttling member

108 (FIGS. 2 and 3), except that the throttling member 134 includes a plurality of flow-



once the contact between the sealing surface 76 and
the seating shoulder 122 is broken. The fl ow i npedi ng
WO 2®essm38 124, however, are believed to di srupeCT/iB2809/051934
fl ow and decrease the flow rate when the val ve nenber
68 is in the | owfl ow nodel of operation. As the the
fl ow passes through the gap 130, it repeatedly expands
and contracts as it enters and exits each of the
fl ow i npedi ng recesses 124. This expansion and

contraction tt flow, e sud S
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choke val ve 14 4 illustrates anot

crosssaplirnareRarefa aeri%alcbxt ARG7PIdA GERSS-SERHONSHEAIAPE| sPINEE elppes or

nber 134 is simlar to the
combhafégﬁstb{ajs P escribed throttling nenber 108 (FIGS. 2

and 3 except that the throttling menber 134 includes
[0043h plF a5iInuytraﬁesfar@menmmbomeet@‘sse@vqaﬁembert1A@rle the choke

valve qﬁloﬁﬁég énﬁl ouLh nlpl)lé%%tég(\)/%ﬁ/g %r%pegzﬁj%ﬁ'@ﬂ}é%s a p\ﬁrahty of flow-

impedienescabses M uThs floWwappedinghresegsarersd d:leyﬁrfeeg?dr@r@lyl afnular
Cross-sectio

e cornpers of the c section
recesgpsindhg 7t8oct’1f tgaug&egpergggr 3:%91 iﬁ? gwllmpgdlngﬁgcesses 142

may Hakle‘ﬁehgpaﬁlg'tlﬁ‘@ séﬁ%%?z%%né@l@ap@as ﬂ{esﬂbv@-?mp&ﬁlﬁ@ rre%iasfs@s 494, or
rooves [ oW i n1pe i ng recesses 136 have a

they nvar havg differatit shapemt The tﬂystset@dufk@waumm@cesm 4R hgve a
generglllfgé}ﬁ( %ppér 8?6% el 6 : B Bl Sq‘q?%%bo%rmgﬁt’s rﬁa)?ﬁg\% afﬂje}[ent shapes,

cross-secti’onal
such astFmeglmhermo@edmose.ctl onal shape a general |y square
cross-secti onal shape a general |y trapezoi dal

to0a4f{ O3 K isRERs OB enBodhat! ofd BESTiRimERERt 144! 9R3

nmamebwkurmg rrefnbiar\nauw@cm@é@erplu}émy iof flbemplaing réaésses 46 that
he |IIustrated val ve menber 140

have qjlﬁg[qu@ggp@sdﬁ@ app,tancb; 52 rebaliviepedngganother. In this embodiment,

the depths 148, 150, and 152 increase in the direction that the valve member 68 moves
when opening, but in other embodiments, the depths 148, 150, and 152 may increase in
the other direction or be generally uniform. The distances 154 and 156 between flow-
impeding recesses 146 also increase in the opening direction, but in other
embodiments, they may increase in the other direction or be generally uniform. The
depths 148, 150, and 152 and the widths 154 and 156 may be selected to tune the flow
rate at different positions of the valve member 68. For example, grooves 146 may be
placed relatively close to each other upstream of regions where a smaller increase in

flow rate for a given amount of valve member 68 movement is desired, and the grooves



recesses 142. The flow i npeding recesses 142 define
generally annul ar recesses in the sidewall 78 of the

wa 2000a568esber 140. The fl ow i npedi ng recesses BARIBPAYY/051934
have generally the sane size and shape as the
fl ow i nmpedi ng recesses 12 or they may have different
shapes. The illustrated fl ow i npedi ng recesses 142
have a generally sem circul ar cross-section, but other
enbodi nment s nay have different shapes, such as those

ne tloned 0044] FI G illustrates anot her
146 heRo TG PO SRt UPE R g epIo g S Tege acgreater
mcreefs@ﬁ@?lb\'/v' raf é@mal\ﬂé%eh’fbé'r eReRovediWedlredy of

Iovv-| npedl ng recesses 146 that have different dept hs
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flow-impedisg reg¢essea 1€édFI<br£’éd1@%(E|§eébu1\@ fril@wblotr fAe (FIG. 6). In
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ot her shapes, e.g., smaller or larger portions
member 158 may be knurled with a cross-cut pattern o introduce turbulence in the flow
and provide flow disruption. The flow-impeding recesses 160 are not limited to discrete
dimples and may include a wide variety of different variations in the surface geometry of

the throttling member 158.

[0046] FIG. 8 illustrates another embodiment of a fluid-handling system 164. The
illustrated fluid-handling system 164 includes the previously-described fluid source 12,
choke valve 14, and fluid destination 16. In this embodiment, though, the direction of
flow is reversed. The fluid source 12 is coupled to what was previously the outlet 28 of
the choke valve 14 (FIG. 1), and the fluid destination 16 is coupled to what was

previously the fluid inlet 17 (FIG. 1). In this embodiment, the fluid flows first over the



of a sphere, frustoconical or conical recesses, or

recesses generally defining a parall el epi ped vol une,
weowh/15878 cube. The illustrated fl ow i npedi ngPCEIB2O6%(51934

160 may be referred to as dinples. The flow i npeding

recesses 160 are generalli3 arranged in a hexagona

|attice, but other enbodi nents nmay include recesses

160 arranged differently, e.g., in a rectangul ar

lattice or irregular Iattice Sonme enbodi nents may
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and fluid destination 16. In th| s enbodi nent, though,
[0048] he Dabitaisadfitios thobttifrigementoear aeeersbky 16Brmefsihmm in@eross-s&ctional

view ofiRe 10 Arah Bt &ie yBiimg:ener ppseriblye B Aduen & fiuraiiy
of p|a1e% 17OURAEKEC 6h Whake \pRiie A7V ITPiedaketdiel 172 ifclLOESE plutality of
FIG 1) . In this enbodinent, the fluid flows first

flow-ippesing iiecanses 17é dwnosed asiacsnbasralingshewHAer L inrn interior 178
|
of thettlhlrrgﬂ é H&nﬁ@r%@%m%@ Yh@ﬁﬁ\{v |@%€Mﬁ’{éﬁre9ﬁ§e§e‘§r1y74zﬁa¥ include

exiting the val ve previ ou
any oktinequieviensly-descrites fﬂdvmrdpédilomecpmses 42p4FIG.d)] 13 fd. 4), 142

(Y edi ng recesses 124 (FIG 3),
<F'G-§2é4ﬁﬁl i @) ?‘&'h% . 146 (FIG 6), or 174 (FIG
10) may slow the flow of the fluid. [0047] FIG 9
[0049] | | Esichaf éwe platesher0 iergendraigrsimitdr ta tiedoker phdtee 116.6 Each

iIIustrat\AQcI:I %Fatg%%cgpeles a generally annular volume. The plates 170 include a top 180
and a bottom 182 with different groups of passages 184 and 186, respectively. The
passages 184 on the top 180 of one plate 170 may interface with the passages 186 on
the bottom 182 of an adjacent plate 172, thereby forming 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 to 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.



used in either of the fluid-handling systens 10 (FI G
1) or 164 (FIG 8). The conponents of the choke val ve
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14 (FIG 1) described above, except that the choke

val ve 166 includes a throt4ling-nmenber assenbly 168

that functions as a trimto relatively gradually | ower
the pressure of fluids flowi ng through the choke val ve
166, including when the choke valve 166 is fully-open.
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Cyllndrlc@h/toltum%maéexwmgmeraﬂalra@laﬁp@bo@aa:eerdfal e 206 I other

embogmg'tﬂgo 8Hlﬂaié§%trﬁ%¥) gﬁe Qthe §Iq|ap§%e Jbemgg)%&té@twoq@ﬂ the

expansi on one passages
cagesal 38)d 98h200,ap ZD&Cat@fthérmgﬂﬂsatﬁie dgénings 20 amagsra@‘alsly arranged

, 186 al t he bo th dj ace t :

in & haagoPB0RgIce HTod P ALt Bhiebaoes 196! | Shay: Bnd PlRapyyroprer

embo8intdhtd |tﬁéVobéhlﬁgs (2@491:1ay Bé“éﬂahb@d mmevmryeefrgerm@%q@are Iattlce
recessed | oW i nBe Ing recesses 174 in

The opeRRO$ Qgevthﬁgggh the cages 196 and 200 are mlsallgned with the openlngs 204

through the cages 198 and 202 to form a tortuous flow path through the throttling

member 194. The cages 198, 200, and 202 include annular ribs 208 that hold the

cages in spaced relation and define grooves 210. Fluid may flow through the grooves

210 to reach the misaligned openings 204 through adjacent cages 198, 200, and 202.

[0052] The illustrated inner cage 202 includes a seating shoulder 212 and flow-
impeding recesses 214. The previously-described valve members 68 (FIG. 1) or 140
(FIG. 5) may translate through the inner cage 202 and seal against the sealing shoulder
212. The flow-impeding recesses 214 may be disposed adjacent the sealing shoulder

212 along the interior of the inner cage 202. The flow-impeding recesses 214 may



of operation) nmay be slowed by the tortuous path
through the plates 170. Wen the val ve nenber 68 is

W@ Lk@9mas6s8t® t he cl osed position, in the | ow fl oRCTIRIEOINS51934
operation, the grooves 174 nmay slow the flow rate
t hrough the throttling-nmehber assenbly 168 in a manner
simlar to that of the previously-described
fl owinpeding recesses 124 (FIG 3), 136 (FIG 4), 142
(FIG 5), 146 (FIG 6), or 174 (FIG 10). The

f | OW i edln Sse; 74 may extend the bi]t
includgranyias Tt Gley RHa e LEB et Ao MACEATS 1o6ResSY | S HiG B 136 (FIG.
142%#@@; 148 trIoUS) RAtITA (s oL h TtHaendw-Ah .Iéla@ed@,ges 214 may

extend 't he ran eabllty thro h hi gher flowrates

exten@' dusEnoeRLilty of the chakervalws1@mdtiGeP) nlover fiewtraiss, and the
tortuob% g)%eﬁsl}gf%g'hetgg %519&%4%6 \A@é: ?QUB%(%#) 29? mféfﬁgr}%[het J%gwgeabl Ity

throughisigheleffow cates.coaxi al cages 196, 198, 200 and 202.
Each of the cages 196, 198, 200, and 202 includes a

[ ur open s 20 The eni 98 204 define
10053f . e85, 171574 gipTaNPGHER dom RETEER Eversas viRgrhemoer
positigxice rbdtrge l@@h@édtwnaaﬁicﬂdd WahaP218 and aeshokevarsi ! 720 flbw-

ot her enbodi nment s, Hg ni ngs 204 may have oth
0

impedifihiReeS e H%S/C’@k'ﬂaéﬁ@ f %mqﬁ@@%g&pqrggntagg@?t@malve-
memBers 393k@fror91tth§ rclc%%l (gﬁ)%ltlo-ﬁhﬁn@Wém%%p%s%ngqﬂ@rf%w y

arranged i n a hexag | attice around each o
coeffiganigbatiipe, choge vares arehdlie@a, tomxhibitn Ast iHestrated, in a low-flow

mode G RPEITRNIZ 6. ITECcoRERG ofike VRNe PRl ST RET Gy stensp1 o 2
highe2sw bbeftﬁt:@ht t Inecora@es 1 BhaiccvA09 weh Sond salocierbconds

th eni ngs 204 hro the ca 98 ac%gOZfOZ to foyg
graduglly ipetqasgs TewaR OBNn Ve @tion The
row-ir%%gdlp-ﬂr@‘?o&»%ea?e Je%ﬁeve?d)l% méfré@s@% b@ﬁle%tf?é‘\V‘é{{/éanénh% s stroke

. . at hold the cages in spaced relation and define
in whigh g/ ew pateds centoplkrb )PhEPerWIFtQﬁGPQﬂJmIFEtﬂwaQHItVoveS 2 10
to reach the m saligned openl ngs 204 through adj acent

[0054@282‘%52@%%%EIQ/SS@}WJ(F?@% gﬁt PEea“dzé*{é Fﬂét ¢9) 18Q8ibed

I nc seat'i ng
abovef nayibepindir agden zceas msl tR4tdge fhek@valvemdﬂvmgj@m:shagecdor stages)

formentBifBe RREoTdmsd 0 ice iikuPhe 1t O e lierugas Agetner
stage(trestaged)ifognsdby kiiteflow-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 12. The flowinpeding recesses 2 14 may be di sposed

adj acent the sealing shoulder 2 12 along the interior
w@Rowhsssrsiner cage 202. The fl ow i npedi ng r eceBRGEEB2B194051934

mayi ncl ude any of the previously-described

flowinpeding recesses 1286 (FIG 3), 136 (FIG 4), 142

(FIG 5), 146 (FIG 6), or 174 (FIG 10). The

fl owinpeding recesses 214 may extend the rangeabilty

of the choke valve 166 (FIG 9) to | ower flow rates

and the tortuous paths through the cages 196, 19
some 3thodR S0 e RS S ChaP BROSE e BaRa 15 FiES. s mankpreg. and i
an mcfréé)s\@! |h4h@?res[sg%'5§ﬂoppé Getebted, f’th@cl%léo\hali/é hit§tdeabhdied to clear
| ow coeffticient versus val ve- nenber position for
any bl@@kag@ tbahmégitt inara lcagsesk heviaergase inpresadreschangre Siallgreaction
may b%ztglg%tmrt %gﬁ%)ﬁé’% ngf g%@%gég grglzg\g?atteﬁﬁr%ugﬁqhg @Frlrgké)valgé GClearlng
blockagesak defievet tohmtehtadie deqduas maimtenaaed dobis alubiocemae reliability of
fr reepr%ﬁ.enta bh fl ow coefficient that the choke val ves
the afgremneniiongd & V%)‘(ﬁ?blt As illustrated, in a |lowflow
node of operation 2 16, the conventional choke val ve

[0056] el aYileethg imvapitidh ynat B@Su&éb&ibteotoa/ahbgﬁﬁfocfﬁda\wons and
coefficient. |In contrast, the choke valve w th

alterngf \tﬁ/\ﬁoi”ﬁﬁe%ﬁer?ﬂ'cr%%@@”b? haMEPes) $hrwreRy ¥ayiqf sxample in the
drawni%%eérﬁl% gé\?ef‘Be@r?Qew%d' iR getdilréi hOWIdWéV%r af sRRRE BEI PRiefstood

. : ow-i npedi ng grooves are believed to Increase
that thehlevmtm' ig mobintencedial bedimiterblerthe particskar formswisclosedle Rather,

the oS phipr NaBAT SRS, A IIRS, o€ F587ENRs tsjina pin the

spirit zﬁﬁFd §zo?) of thathvaniidgn aEldefind@ by des fullowid) alpeneedwjaiins.
characterized as nmulti-stage choke val ves, having one
stage (or stages) fornmed by the passages through the
throttling nmenber fromthe gallery and another stage
(or stages) formed by the flowinpeding recesses. The
passages through the throttling nmenber may throttle
flow at relatively high flow rates, thereby providing
a relatively high upper flow coefficient capacity, and
the flowinpeding recesses may throttle flow at
relatively low flow rates, thereby providing flow
control at relatively low flow rates. \Wen the val ve
menber is retracted beyond the flow i npedi ng recesses,
t he choke val ves may function with one fewer stage,
e.g., as a single-stage choke



val ves. [0055] The stage forned by the flow i npeding
recesses nmay be relatively robust to bl ockages from
woreqoens@is f | ow ng t hrough t he above-descri bed B¢iKg2009/051934
val ves. If debris becones entangled in the
fl ow i npedi ng recesses, thé valve nenber may be
retracted, and the resulting increase in flow through
the choke val ve may cl ear the bl ockages. |nsone
enbodi nents, the pressure drop across the choke val ve
may be nonitored, and if an increase in the pressure
drop is detected, the choke val ve nay be opened to
CLAIMBear any bl ockages that m ght have caused the
incr%?se In pressure change. Simlar action may be
T 1 ak& OGS SOPMRNSKY% 0 a decrease in flow rate through
t he qcdmeke veRleY Bomptisiagi Ng bl ockages is believed to
potentially reduce malntenance costs and increase
rel i abA oensgraby tubiar dnietting ATanePRI CoRMBiIsdal ves. [ 0056]
Wiile the i it i ' ;
modi 11 cat | ong g PPGEr AP BEEy o P kLRSS throtting
membempodi ment s have been shown by way of exanple in the
dr awi ngs andlha ? bFen descri bed kﬂ det ai | R@@ﬁbn. h
However , it RHEIBGOLPINHE QBGH R CanKeY R PRypeendhe
inner Reltimendfens ettottihd@ehibsr bad dntodt&evdiamtl of thethrbimgdmember;
di scl osed. Rather, the invention is to cover al
and ppdifications, equivalents, and alternatives falling

within the WA ' ' :

defi ned by f’ﬁ%@@??@ﬁ?ﬁ%‘%&ﬁ%ﬁ?&eﬁeﬂﬁ@ %@pgfho%der and
the plarliiycsd ,opeoimgsiis tieginnar edioke ofdhe Hrottlorgpmiesibey; aral

general |y tubul ar throttling nenher coppr.ising: a

Jeat v dnp et ik AT RAR i B e G gt e
throttlingrmaémbeng menber; a plurality of openings configured

to convey a fluid between the inner volume of the

throttling menber and an outer volune of the

thr |4 ; i ' [ $ al
e T e
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.



the plurality of openings in the inner volune of the
throttling nenber; and a val ve nenber di sposed at
wo emetisgszs tially in the i nner volune of the thPGIAB2009051934
menber. 2. The device of claim1, conprising a
plurality of flowinpedintfrecesses including the
flowinpeding recess. 3. The device of claim 2,
wherein the plurality of flowinpeding recesses
conprises a plurality of generally annular grooves. 4.
The ce of Lai , the each of the
ol o B ey esro! sl S teraining alrgity of BaviRoedngarassaes,
compﬁﬁﬁh%hﬁﬁMk%ﬁdﬁﬁ@§§ section. 5. The device of claim 2,
wherein the each of the plurality of flowinpeding
recesses has a w dth between about 0.2 nm and about 5
f
5 o iaSE BT MRS Wi Ehdhe putidfl Bf fohdRoeiRefer e
compiidelgovey oblliffEliogwepiedi ng recesses. 7. The devi ce of
claim2, wherein the plurality of flowinpeding
recesses conprise a plurality of dinples. 8. The
9. deviteg delicel dticmim, 2, Witedr8inthé |E>ﬁJr9I||tyb€N‘Ib¢va?fed|n recesses
f1 owi npedi ng recesses conprise grooves 0 fering
compregst fipw- gnperch@g HRGASEES EPaC] awwfromq@?eéampthﬁ@bxpﬂmfeangt y
distar@bs f | ow i mpedi ng recesses conprises flowinpeding
recesses spaced away from one another by differing
di stances. 10. The device of cIa|n12 wherein the

pI u ity. of fl ow— edi ng oI rooves
Tk cledicR ot sl 2 R RG PRERET 25 HOMA Rty Br B e
ompﬁé@@ﬁb@ﬂebbf GRARY 84l deptH Wamaﬁb Spaveeieawdylirorhithe another by a
device of claim2, wherein the valve nmenber conprises

genera%ovw&rrrpqilaiaapety of flowinpeding recesses. 12. The
device of claiml1l, wherein the generally tubular

throttling nenber
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.



conprises a cage. 13. The device of claim1l, wherein
the generally tubular throttling nenber conprises a
w@bkapabdsry of generally concentric cages. 14. H¢EIB2009/051934

device of claim1l, wherein the generally tubul ar
throttling menber conprisé&s a plurality of plates that
form passages configured to throttle a fluid fl ow ng
bet ween the plates. 15. The device of claiml,
conprising a fluid source coupled to the choke val ve,
wherein the fluid source conprises an oil or natura
gas well, a pipeline, a tanker, an upstream choke

16. vaIwﬁneﬂQ@tbgﬂghgggponents of a processing plant, an
ener gyacqui sition System or a conbination thereof. 16.
A mEdving a valvgrmemhgr away frag a sealingsuriassan atkgttingmember;

f r ot
71 ungwpts B8 RA B gl aidd drhe Yol E G ber MR foting
membdenrand | i ng nenber; and expanding and contracting the
fluid th h aone, or e fl edi ng recesses in
t he SXPRIY A CABEING 108 fliebErubhong  Mere ot 1epeding
reces¥dEinaha tisaRsindensepd contracting the fluid conprises
expandi ng and contracting the fluid three or nore

times through three or nore flowinpeding recesses.

17. 18. ThBeORLEQ &;T‘ﬁ'(aa rein e%[%%lh%hﬂg cS?ﬂi?é‘&mg”tﬂe%%

contracting the rou
comprﬁ$es/expa|melmgr@d ewasxEsg ithe ﬂllﬂd tIsnedmmMredfrnedmrmagh/téwee or
he method of claim 16, wherein noving the

ﬂen‘oer.
more g\f"i}@pﬁg'ﬁgéfecm fromthe sealing surface conprises

axi aI I y ITDVI ng the val ve nenber through t he throttl [ ng
. A _device, conprising throttling me
18. confrlhgum%tﬂofj &f slai 1§gﬁ?rﬁﬁ’f's'ﬁg%P%@d'ﬁé@ﬁ@rcoﬁﬁaﬁt'%@ﬁélu'd

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.



val ve, wherein the throttling nmenber conprises one or
nore fl owinpeding recesses. 2 1. The device of claim
wWQovmksrei n the throttling menber conprises aPGEEB200M51934

shoul der, and wherein the flow i npeding recesses are

di sposed adj acent the seall ng shoul der. 22. The device

of claim 20, wherein the throttling nenber conprises a
general |y tubul ar cage.23. The device of claim 20,
wherein the throttling nmenber conprises a plurality of

general |y. tuhul ar cages. 24. The device of clai.m 20, ,
23, anorbeeVise T4t g creias SR TGRS SOmRtiars giluraity of
generh!(l)‘ﬂdkb@iaﬁ@:abé@.gSten or dianmond. 25. The device of claim

20, wherein the throttling nmenber conprises a

plurality of plates defining a plurality of passages.
o4, 26. TEB%e‘J@‘é‘d%%é?& 54 %H@r@iﬂ'thé"ﬂ“r‘r[aﬁ'ir{bph%ﬁ]q%?% 1885 & material
fl ow1'npedi'ng recesses conprises aplurality o
includargatongstenr diathendlevi ce of cl ai m 20, wherein the one
or nore flowinpeding recesses conprises a plurality

of dinples. 28. A device, conprising: a choke valve

25. CONTheYelte ¢ cBEMEZ@MNEréinibS BHroBRaEmeRiiRl icBhpdised a plurality of
seating shoulder; a plurality of recesses in an inner

platessdefdirg @ pbralitnef paghadsear the seating shoul der; and a
plurality of openings extendi ng between the inner
sidewal | of the cage and an outer sidewall of the

26. cagdhewewiceiai ddim 21, wharéinythebne e miarg $loariemidippeedsses

on_an gjﬂpﬁgﬁsige side of the plurality of recesses from
COMPY$fe 3B YOLEGRVERr: and a plug disposed at | east

partially in the cage, wherein the plurality of

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.



recesses are configured to disrupt a fluid flow

through a gap between the plug and the inner sidewall
wobowhssscage. 29. The device of claim 28, wherCTIB2069/051934

devi ce conprises an actuator coupled to the plug. 30.

The device of claim28, wlkerein the plurality of

recesses conprise a plurality of generally annul ar

grooves. 3 1. A nethod, conprising: clearing a

bl ockage in a first stage of a nulti-stage choke val ve

by npvi pg. a val ve er away fromthe first stage an .
30. {ncrbgdeNiseolaam ﬁ%%@dﬁé ARy o FRessegREPTana plurality
of genErSIy EApstH #}50%@ m3 1, wherein the first stage is

dowistreamtromthe other stages. 33. The nethod of

claim3 1, conprising detecting the bl ockage by

det gct.i an. |l .ease in pressure drop across the
31 ch02859§?9e?°@8ﬂ§§§ease in flow rate through the choke

val ekaring dasibtkagddn affiret stayd ofla ohultilstaga éhoke valher gy moving a
the first sta C rises a flowinpeding recess ip a
valve TR Ry FORT (935 A0FANCHBEIRG TET S EPAITAleda o ke e ciner
stages.he flow inpeding recess conprises a generally annul ar
groove in the throttling nenber. 36. The nethod of
claim3 1, wherein the other stages conprise a stage

32. for ‘fﬂg rﬁé(thBH%rf‘icf&grﬁ 3‘1{‘%89&% thd WSPEtIalgle@dg\ﬁH?t?éam 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 throttling 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.



