28 JULY 2006 -1 INFIN TELY VARI ABLE CONTROL VALVE APPARATUS AND METHOD
TECHNI CAL FI ELD [0001] The present invention relates genefdfY%5Y #86appar at us
utilized to control fluid flowin a subterranean well and, nore
particularly provides a choke for sellectively regulating fluid flowinto or

‘CI)';tpi g];l ?yﬁﬁgiNqﬁﬂi%q?'ﬁBﬁ%ﬁH?ﬁéﬁ &N&%@Aﬁﬁfﬁ?@%’%ﬁﬁ@@ fluid flow
into a production tubing string of a subterranean hydrocarbon well. Such

fl ow control chokes are parti chE&HNIGAlFIELBhere nultiple zones are
produced and it is desired to regulate the rate of fluid flowinto the

tubing strinpéePmMheaghsepnenveididnt epstat |gonefrfJUIALPPpAradll DONiidd #s may
require that rates of production fromeach zone be reported, necessitating

the use ghndy §HRKAORPRRGALYSCHanRLRCh T ROGoR! HARKATA PG A0g 1

control |l rng 'he production fromeach zon et’y ‘concerns may al so
dictate controlling th rate. of . pr.Qduction fromeach zope. [.0003] Fl ow
chokes arabl ts setertiety rrelialifn S RovEi Peontts Riitad Shiaipeosddy o si ngl o
wel | bore producing froma single zone, an operator nmay deternmine that it is
desi r abl within 2 #illce the flow rate fromthe zone into the wellbore to limt
damage to the well, reduce water coning and/ or enhance wultimte recovery.
[ 0004] Downhol e val ves, such as SACKEBRGUN® doors, are designed for
operation in a fully closed or fully open configuration and, thus, are not
usef ul [0002] Typically, a flow control apparatus is used to throttle or choke

fluid flow into a production tubing string of a subterranean hydrocarbon well.

Such flow control chokes are particularly useful where multiple zones are

produced and it is desired to regulate the rate of fluid flow into the tubing

string from each zone. Additionally, regulatory authorities may require that

rates of production from each zone be reported, necessitating the use of a

choke apparatus or other methods of determining and/or controlling the rate of

production from each zone. Safety concerns may also dictate controlling the

rate of production from each zone.

[0003]Flow chokes are also useful in single zone completions. For

example, in a single wellbore producing from a single zone, an operator may

determine that it is desirable to reduce the flow rate from the zone into the

wellbore to limit damage to the well, reduce water coning and/or enhance

ultimate recovery.

[0004])Downhole valves, such as sliding side doors, are designed for
operation in a fully closed or fully open configuration and, thus, are not useful

for variably regulating fluid flow therethrough. Downhole chokes typically are

provided with a fixed orifice which cannot be variable without intervention.



for variably regulating fluid flow therethrough. Downhol e chokes typically
are provided with a fixed orifice which cannot be vari 28J8L¥i20060ut
intervention. 28 JULY 2006 -2 These are placed downhole to limt flow from
a certain formation. Unfortunately, conventional downhol e val ves and chokes
are also limted in their useful ness because intervention is required to
change the fixed orifice or to open “dr close the val ve. Additionally, it is
difficult_to open a sliding side door slowy against a |large differential
pressure (R8fen S, P'ﬁc%‘iCQ%/nBP'GZS@O lingiéi flowi tfremt alamedeint Jormgtion. t he door
seal s because these seals nust pass through the flow [OOOCS]What is needed
i s a fl oWwnfortunatelyppemantisnahdownhsler uajges! and’ ehokdd are agb liontgdl inved, so
that it nay be utilized in conpletions without requiring frequent service,

repair orthée RisafSnEsY bedauSEOMBSEATiGh fsorrequcrEarteldh@ngertHétﬂxeaSonfrcEE'orappaf at us
shoul d be adjustable. The apparatus should be resiStant to erosion, even

when it i @w{ i i ons, and
shoul d be t pa ng[ %a@%tj\r@sgl yAﬁglfgghéNX’ n'fg)PSePl ui tﬂ %%/EHA%(%’?P%%%@H t here
is a need, for,h,a variable hok agai nst hi ifferential
pr essur e 499 WY AQA1A8 % nﬁgéf%fﬂafﬁéeﬁﬁﬁés &ssIn Fé@@% Qﬂgﬁ 08 downhol e
vari abl e choki ng device would all ow an erator to maxim ze reservoir
product i i) withoutriamage e eay afttheslgon s&@ s beeduse theseasals mustpassi ncl udi ng
any well where it is desired to control fluid flow such as gas wells, oil
wel | s, anldronghehedliogv.chemi cal injection wells, in sum in any downhol e
environnent for controlling the flow of fl uids.

[0005]What is needed is a flow control apparatus which is rugged,
reliable, and iong-lived, so that it may be utilized in completions without
requiring frequent service, repair or replacement. To compensate for
changing conditions, the apparatus should be adjustable. The apparatus
should be resistant to erosion, even when it is configured between its fully
open and closed positions, and should be capable of accurately regulating
fluid flow. Additionally, there is a need for a variable choke which can open
against a high differential pressure without excessive damage to the choke
seals.

[0006] Such a downhole variable choking device would allow an
operator to maximize reservoir production into the wellbore. It would be
useful for completions, including any well where it is desired to control fluid
flow, such as gas wells, oil wells, and water and chemical injection wells, in
sum, in any downhole environment for controlling the flow of fluids.

[0007] This is accordingly an object of the present invention to provide

such a flow control apparatus which permits infinitely variable downhole flow

choking as well as the ability to shut off fluid flow, and associated methods of



[ 0007] This is accordingly an object of the present invention to provide
such a flow control apparatus which permts infinitely VAIVEL PW6 downhol e
flow choking as well as the ability to shut off fluid flow, and associ ated
nmet hods of 28 JULY 2006 -3 controlling fluid flow wi thin a subterranean
wel | . SUVMMARY [0008]I n carrying out the principles of the present
invention, in accordance with an enbodi ment thereof, an annul ar choke
appar at us, an& qﬁbggds of use, are provided for use within a subterranean
vel | . | n99PgRUINg; owithipiasyyeImrangRaM&llus i s provi ded which includes an
out er housinﬁ/I havi ng an outer housing wall with a | east one flow port

t her et hr &IYMMARY a variabl e annul ar fl owarea choke di sposed within the
outer housing, the variable annular flow area choke having a first

general |y tubyoeo8)ymnbarryingeautntiey ghiragsiesdofvthbi prédentoineintibausinng, the
first tubular menber having a shoulder wwth a sealing surface, a second

general I ychupie WRADSH MGty inasbrSsaldrifli BhSROSpbaRAHLI Bnkine out er

housi ng, the second ar nenber aving a shoul der wi a sealing
surface, { econd nerhe be n_a_ sealed positio erein the
seal i ng éﬂé}ﬁaﬁﬁs&a& ,i%Bsérgw%%b#oibﬁ%%?%ﬁdsiﬁegagﬁgao\ggq.i gﬂ%@ﬁei n the
sealing surfaces are spaced aﬁant. The seal ing surfaces preferably provide
a net al - Tt IChokg) tooTRRPaAINE 48| RIOWARH! WRICh| IBRILdeE a1 Ity BeYSiPBbed
herein preferably provides for infinite adjustnent between open and cl osed
posi ti ondaivimg pnesiteehpusing wallwitit adeastTore dopaparttuberathrough, land an
actuator, |ocking, adjustnment and biasing assenblies. In gas |ift and other
oper at i onariablemayinbardeewrarbhechoke disposed within the outer housing, the

variable annular flow-area choke having a first generally tubular member
. sealingly disposed within the outer housing, the first tubular member having a

shoulder with a sealing surface, a second generally tubular member slidingly

and sealingly disposed within the outer housing, the second tubular member

having a shoulder with a sealing surface, the second member movable

between a sealed position wherein the sealing surfaces are in sealing

abutment and an open position wherein the sealing surfaces are spaced

apart. The sealing surfaces preferably provide a metal-to-metal seal. The

variable annular flow-area choke described herein preferably provides for

infinite adjustment between open and closed positions for precise flow

regulation. The apparatus may include an actuator, locking, adjustment and

biasing assemblies. In gas lift and other operations it may be desirable to

variably regulate the flow without sealing the valve.

[0009] These and other aspects, features, objects, and advantages of

the present invention will be more fully appreciated following careful

consideration of the detailed description and accompanying drawings set forth



variably regulate the flow w thout sealing the valve. [0009] These and ot her
aspects, features, objects, and advantages of the pres@ifULhe®htion will be
nore fully appreciated follow ng careful consideration of the detailed
description and acconpanyi ng drawi ngs set forth 28 JULY 2006 -4

her ei nbel ow. BRI EF DESCRI PTI ON OF THE W NGS [0010]FI GURES 1A - C are
sectional views taken along line A-Aof" Figure 4, of successive

| ongi tudi nal portions of a choke enbodying principles of the present

i nvent i oherelideidke shown in a configuration for running into a

subt erranean wel | bore; [0011] FIGURE 2 is a sectional view of the choke
shown in a partially BRIEF RESCGRIBTIONOOE AHE ORAWIBIGS C are sectional
views taken along line B-B of FIG 4, of the choke shown in a fully open

posi tion; [00@b16]ARIRES 320 e \HeRYibRAl ViR sURikeh 8BAgOind ReAt sol
assenbly; [0014] FIGURES 5A - D are detail views of various choke

opon 11 gaueSh oL Pesslye BrgftuiafoBliaRg, 12 AR ERENEIS Bridiplss 2 'ori o
[0016] Illystrated. i.n FIGS jtﬁ‘ -, Cis, a tool assenbl 19 enbodyi ng the

brinci pl & 1% APt OLRRQH e shoke SPMPdRien GoRaLTrlioR i UBning, Y6 ol
assenbly 10 and ot her apparatus and nethods descri bed herein, directional
ternms, suieibterganean wellbore;

[0011]FIGURE 2 is a sectional view of the choke shown in a partially
open position;

[0012]FIGURES 3A - C are sectional views taken along line B-B of FIG
4, of the choke shown in a fully open position;

[0013]FIGURE 4 is an end view of the upper end of the tool assembly;

[0014]FIGURES 5A - D are detail views of various choke assemblies;
and

[0015]FIGURE 6 is a graphical representation of the choke's open
flow-area versus the travel of the choke members.

DETAILED DESCRIPTION

[0016]lllustrated in FIGS 1A - C is a tool assembly 10 embodying the
principles of the invention. In the following description of the tool assembly 10
and other apparatus and methods described herein, directional terms, such as
“above”, “below”, “upper”’, “lower”, etc., are used for convenience in referring
to the accompanying drawings. Although the tool assembly 10 and other
apparatus, etc., shown in the accompanying drawings are depicted in
successive axial sections, it is to be understood that the sections form a

continuous assembly. Additionally, it is to be understood that the various



, . above", "below', "upper', "lower", etc., are used for convenience in
referring to the acconpanying draw ngs. Al though the t38/UR¥3®¢bly 10 and
ot her apparatus, etc., shown in the acconpanying drawi ngs are depicted in
successi ve axial sections, it is to be understood that the sections forma
continuous assenbly. Additionally, it is to be understood that the various
28 JULY 2006 -5 enbodinents of the present invention described herein may
be utilized in various orientations, such as inclined, inverted,

hor i zont a@Mbodiments|of tec presapttinventiane gapeiibr Meseint mayppe neliligedsinof t he
present invention. [0017] The tool assenbly 10, as shown, includes a choke
assenbl y vitioudi spestaiions) lHucha ageimmlinedy invdrtedar horiz@mtahousiticgl, 14tc. An
actuator assenbly 16, adjustnment assenbly 18, |ocking assenbly 20, and

bi asi ng agigRithldepdingmymathepritiples bbedprds@ft filvehfiog. met hod of using the

tool assenbly 10, the variable annular flow area choke assenbly 12 and

act uat or_asseiiihy 7 gl BRSkHANTH, 4b ok, AUNEAABEEMABhIpgaoPart of 2

production tub ring hg to the s surface.
representatively iJlustrated ip FIG3A - C flujd (indicated b rows 26)
may flow %%chwfth%ﬁgﬂ?q%%m g&”'%fs%@ﬁﬁl'\?“i@,g L‘ﬂd 'At'baf:ﬁ"@ttorea??%"slrysurface
via the tubiar&‘string 24. The fluid 26 may, for exanple, be produced froma
zone of tHs agiustment assembly 38 legkingrasserbly 20, andbiasine assemliPRi onal
portion of the tubing string 24 including a packer (not shown) would be

at t ached rmay alsoomy enedudethl nanner to a | ower adaptor 40 of the tool
assenbly 10 and set in the well in order to isolate the zone bel ow t he tool

from ot her zorgg18fintdtherrbd -of Uthg B toxsh 2658MYIYL 90 eitrbl SfalRE Gnals
flow-area choke assembly 12 and actuator assembly 16 are positioned within
a subterranean well as part of a production tubing string 24 extending to the
earth’'s surface. As representatively illustrated in FIG 3A - C, fluid (indicated
by arrows 26) may flow axially through the tool assembly 10, and to the
earth’s surface via the tubing string 24. The fluid 26 may, for example, be
produced from a zone of the well below the tool assembly 10. In that case, an
additional portion of the tubing string 24 including a packer (not shown) would
be attached in a conventional manner to a lower adaptor 40 of thé tool
assembly 10 and set in the well in order to isolate the zone below the tool
from other zones of the well. The tool assembly 10 enables accurate
regulation of fluid flow between the external area 28 and an internal axial fluid
passage 30 extending through the choke.

[0019]In another method of using the tool assembly 10, multiple
chokes may be installed in the tubing string 24, with each of the tools
corresponding to a respective one of multiple zones intersected by the well,

and with the zones being isolated from each other external to the tubing



regulation of fluid flow between the external area 28 and an internal axi al
fluid passage 30 extending through the choke. [0019] 1 n2&ABth&¥6net hod of
using the tool assenbly 10, nmultiple chokes may be installed in the tubing
string 24, wth each of the tools corresponding to a respective one of

mul tiple zones intersected by the well, and with the zones being isolated
fromeach other external to the tubing 28 JULY 2006 -6 string. Thus, the
tool assenbly 10 al so enabl es aﬁc rate re%BIation of arate of fluid fl ow
from eachstgpdt Hdusu the e assgEWlY U0: 2iSe pBaples aecusaienteiatinmel 8dats n t he
tubing string 24. [0020]1t is to be understood that, although the tubing
string 24ofifiid floprfesrneach oklhg muitipde ranes) with thefluids drgiag gommidgedi ngs wi t h
fluid 26 entering the | ower adaptor 40 and fl ow ng upwardly through the
fluid pasipage tubifig strireg Rower connector 40 may actually be closed off or
otherwi se isolated fromsuch fluid flowin a conventional manner, such as

by attachi ng yobiablHEU_ bENBRBLRIOS thie Aiithibr?framlioh Slrpedadaunvar diy

t hrough the fl assage 30, for exanple, In-order to rnject the fluid

into a formation intersec by the I Lt hout _departi r. he

pri nci pl ergpbqse[nﬁ%tlvlgﬁyéS@%tﬁ‘%%gem [ @W %Sbﬁa\%{ go&iré‘?"’"ﬁ%a%s"."% ﬁlﬁ'ag]?gf erably
has a | ower adapter 40 and up8er adapter 42 for attaching the tool assenbly
10 as par@ntefing the lawey adaptag40and fowingdmwardhathrewgh the duidpassagel v f or ned
wi th outer housing 14 while the |ower adapter 40 is sealingly attached at

t hr eads 43,ttbeflower ganneofort4{e mayoasiually be closed offindetbemaose tisalatedar i ous
portions of the tool assenbly may be integrally forned with one another or

at E ached fioraeuUBRMluRS flbw iKROEsNVeMtibhal @ahner, such as by attaching a bull plug
thereto, or the fluid 26 may be flowed downwardly through the fluid passage
30, for example, in order to inject the fluid into a formation intersected by the
well, without departing from the principles of the present invention.

[0021] The outer housing 14 preferably has a lower adapter 40 and
upper adapter 42 for attaching the tool assembly 10 as part of a tubing string
24. The upper adapter 42 is integrally formed with outer housing 14 while the
lower adapter 40 is sealingly attached at threads 48 to form part of the
housing 14. It is understood that various portions of the tool assembly may be
integrally formed with one ‘another or attached together as is known in the art.
As shown, the tool has only a single body joint thread enabling manufacture at
a reduced cost compared to other designs. The generally tubular outer
housing wall 44 separates an exterior area 28 from an internal fluid
passageway 30. Wall 44 defines an interior surface 46. The Figures show
the generally tubular fluid passage 30 offset from the center of the generally

tubular outer housing 14. Such an arrangement better allows for placement of

hydraulic inlets, fluid ports, control lines, and the like. It is understood that any



As shown, the tool has only a single body joint thread enabling manufacture
at a reduced cost conpared to other designs. The gener&P99L¥6@ﬁlar out er
housi ng wal |l 44 separates an exterior area 28 froman internal fluid
passageway 30. Wall 44 defines an interior surface 46. The Figures show the
general ly tubular fluid passage 30 offset fromthe center of the generally

t ubul ar outer housing 14. Such an arrdngenent better allows for placenent of
hydraulic inlets, fluid ports, control lines, and the like. It is understood

that any of the signe(ally ar _assgmilis gadcPalts ydespsibedr hgtajanmayedeand part s
descri bed herein nmay be arranged concentrically or not, as desired, nmay be
ci rcul ar arrangedseonsentnically aadotsapdasired, may bewircalar in crespusestion, as.

[ 0022] The vari abl e annul ar fl ow area choke assenbly 12 is sealingly

at t ached shownher atdyedmtairiseguldrities6, shown in FIGS 1A - C. The actuator
assenbly 16 is used to operate the variable choke 12. The actuator assenbly

shoan 1s onl Y 1802 Z1RHE LeribleasfniAbP RBwkARW kel Besdhblyals! ixdaftical |y

controlled, b t"i's understood that the actuator nmay“be hydraultcally,
It he. reinel5 I Aoty FREREL GReelioth G YA £ Thee AR el “s0
along the interior of outer housing 14. Preferably, mandrel 50 is connected
t o choke 2S88ROMLIG is BSed tqQparate dhe Nariaklesheke 120 ﬁfh%l agiyater asembl¥senbl y
18, as shown, however, other arrangenents can be enpl oyed as desired.
Mandr el sBowinnisl adlysaprexamples ptectuadarsakioows iat thec Bedandhdnelraulipallyat ch ri ng
assem ycontrolled, but it is understood that the actuator may be hydraulically,

electrically, mechanically, magnetically or otherwise controlled as is known in

the art.

[0023] The actuator assembly 16 axially displaces mandrel 50 along

the interior of outer housing 14. Preferably, mandrel 50 is connected to choke

assembly 12 through locking assembly 20 and adjustment assembly 18, as

shown, however, other arrangements can be employed as desired. Mandrel

50 includes profile sleeve 52 and is attached thereto by latch ring assembly

54. Mandrel 50 and sleeve 52 may be integrally formed, but for tool assembly

purposes are preferably separate. Profile sleeve 52 moves axially along the

interior wall surface 46 of the outer housing 14. Upward movement of sleeve

52 is limited, as seen in FIGS 3A - C, by contact between mating shoulder

surface 56 on the upper end 60 of mandrel 50 and corresponding shoulder 58

defined by the interior surface 46 of outer housing 14.

[0024]Mandrel 50 is hydraulically reciprocally actuated. Hydraulic

supply lines (not shown) supply hydraulic pressure at upper and lower

hydraulic inlets 60 and 62, as seen in FIG 4. Pressure is transmitted along



54. Mandrel 50 and sl eeve 52 may be integrally forned, §§5g§?§0 ool assenbly
purposes are preferably separate. Profile sleeve 52 nov \ y along the
interior wall surface 46 of the outer housing 14. Upward novenent of sl eeve
52 is limted, as seen in FIGS 3A - C, by contact between mating shoul der
surface 56 on the upper end 60 of mandyel 50 and correspondi ng shoul der 58
defined by the interior surface 46 of “outer housing 14. [0024] Mandrel 50 is

hydraulically reciprocally actuated. Hydr i c, suppl i nes (not shown)
suppl y hy¢Rrgiiand 'BW@Q’UF’[&H‘P RAsSa0es ¢ @Qfag% anghip Id)ll"lfJ lowesthydsailiend 62, as
seen in FIG 4. Pressure is transmtted along 28 XULY 2006 wupper and | ower
hydr aul i cpqutss §8gepd 620,anhi@dt a4@ dprgfereblyadefinedwwithin dheusing ngr‘t"s a8 and 70,
whi ch are preferably defined within housing wall 44 as shown. Hydraulic

inl et porshowiQ Hpdrfilicimiyt pertettilaarid: 62 treayabbatiaahbd ¢o @oydralilic tomeolf i tti ng
63 as seen in FIG 3. [0025] Upper hydraulic port 68 supplies hydraulic

pressure i@ dWVHHIN e hpnber 72 in the annul ar space between nmandr el
50 and od%’erﬁmﬁ%ggi ng v@ﬂ 44. Upper piston 76 is attached externally about

mandr el 50. i Sto ref.erably.4ncludes bearing rings 78 and 80 and
circunferenti QBBEéLQP%e%g}'Bﬁ“«QEe %'BI 5“98@9%5@? 'CSB'éqS.S%[ﬁ)ﬁgr“%?%rt on 76 is
engaged with nmandrel 5Q such that axial novenent of the -Si ston 76 by the
act uat or hysgeadisoriyarnbet {¢sis the @pnpis siagenbetuaen mandselasB it ogtert he
mandrel 50. Movenent of the piston 76 causes novenment of the choke assenbly
12 from housing a@klipbsi tipperlpBiomd bsiseattached egetrally abhowtomeandselab0.open
position 152, as seen in FIGS 3A - C. The vari abl e annul ar fl ow area choke
12 is prgdmsrghibtoni pricferiabBl incirigsabéarirandngs 78eatd 80 &y tint@hfardhidle or
partially open

seals 82, preferably a vee-packing seal. Upper piston 76 is engaged with

mandrel 50 such that axial movement of the ‘piston 76 by the actuator

assembly 16 causes a correSponding axial displacement of the mandrel 50.

Movement of the piston 76 causes movement of the choke assembly 12 from

a closed position 150, as seen in FIGS 1A - C, towards an open position 152,

as seen in FIGS 3A - C. The variable annular flow-area choke 12 is

preferably infinitely variable and is seen in an intermediate or partially open

position in FIG 2.

[0026] The mandrel 50 is sealingly received in the outer housing 14.

Circumferential seal 86 sealingly engages the mandrel 50 externally and

permits fluid isolation between the upper hydraulic chamber 72 and lower

hydraulic chamber 74. Seal 86 is preferably a vee-packing seals and may

include bearing rings 82 and 84.

[0027]Lower hydraulic port 62 supplies pressure to lower hydraulic

chamber 74 in the annular space between mandrel 50 and wall 44 below seal

86 and is operable to axially move lower piston 90. Lower piston 90



position in FIG 2. [0026] The mandrel 50 is sealingly received in the outer
housing 14. Circunferential seal 86 sealingly engages £héURatt¥fel 50
externally and permts fluid isolation between the upper hydraulic chanber
72 and | ower hydraulic chanber 74. Seal 86 is preferably a vee-packing
seals and nay include bearing rings 8 and 84. [0027]Lower hydraulic port
62 supplies pressure to | ower hydraulic chanber 74 in the annul ar space

bet ween man 0 and wal | be eaI 86 a erable to ially
Tove. | owdelTeblynnsBitasoaer! S i SolIRg MIGS UG CHRsTeieorip |

I ncl udes seal 92, and retaining rings 98 which cooperate with correspondl ng
grooves g@riaspeadngegrosyes A6 i "@lngfﬁﬂa'i(érréﬁta' sisplaggmept ef twverggstonci | i t at es
correspondi ng axi al di splacenment of nandrel 50 and operates to nove the

choke ass@nfacjlitdte sfaoorespondingeaxiplodisplacement of neendseleb iandrdpeBates tand 3,
towards a closed position 150, as in FIG 1. [0028] It is understood that

sel ecti vengRetd b@éké)éss?&hb@tm fréﬁﬁﬁﬁ@b?eﬁ%osﬂ%r alies atsose%ei RCtigehy open
and cl ose choke assenbly 12." The choke be noved to an open position

152, as 'éhd':é q’o@(t@rcﬁ’éa% eqﬁ&%ﬂ 8!’?'159]10€S fnSPI’G 1as in FIG 1, or any position

t her ebet ween, I nf vari abl e. [0029] Axi al

?lf8'nZ"§?Phe?bnéﬁﬁg§3€é§réw%%4fh%e ‘ﬁ‘é@gﬁﬁé apprafics aﬁﬂaiqra%sswﬂq vaBiea ¢
bi asi ng fo%re(;aetegotot Qeelegtllvsetly(/) ré)speZ16ar?<§ c?c?se rcﬁ(S) eCatsls\érer:b)lly 12 The choke 12

may be moved to an open position 152, as in FIG 3, or a closed position 150,

as in FIG 1, or any position therebetween, making the choke infinitely

variable.

[0029] Axial displacement of the mandrel 50 is accomplished by
applying fluid pressure to one of the chambers 72 or 74, thereby applying an
axially directed biasing force to the pistons 76 or 90, respectively. For
example, if it is desired to displace the mandrel 50 axially upward to permit or
increase fluid flow through the choke 12 or to decrease resistance to fluid flow
therethrough, fluid pressure may be applied to the upper chamber 72.
Conversely, if it is desired to downwardly displace the mandrel 50 to prevent
or decrease fluid flow through the choke 12 or to increase resistance to fluid
flow therethrough, fluid pressure may be applied to the lower chamber 74.

[0030] 1t is understood that the actuator assembly 16 may be of various
types, mechanical, hydraulic or others. Alternate actuator assemblies and
other tool parts may be found in U. S. Patent Number 5,979,558 issued to

Bouldin, which is hereby incorporated by reference for all purposes.

[0031]Choke assembly 12, shown in FIGS 1A - C, includes upper



exanple, if it is desired to displace the mandrel 50 axia u ward to
permt or increase fluid flow through the choke 12 or f‘%W)‘é

resistance to fluid flow therethrough, fluid pressure nay be applled to the
upper chanber 72. Conversely, if it is desired to downwardly displace the
mandrel 50 to prevent or decrease flyid flow through the choke 12 or to
increase resistance to fluid flowth ¢éthrough, fluid pressure may be
applied to the | ower chanber 74. [0030] |s understood that the actuator
assenbl y chokaapembest 10210 pyverghnke mﬁﬁmim al Chakemembersoi 19 @Rer s.

Al ternate actuator assenblies and other tool parts may be found in U S
Pat ent Nurft2earebg&neraip &ylisdneal amnul aBoairclimferevitially arsd bealaigly idisparsedr at ed by
reference for all purposes. [0031] Choke assenbly 12, shown in FIGS 1A - C,

i ncl udes Wipgbutdr Housthgd 4ty 2006 10 choke nember 110 and | ower choke
menber 112. Choke nenbers 110 and 112 are generally cylindrical and are

ci 1 cunf er ent | dhhyo AR ShbR8! HeflRROIFY i .spos ocngns@ PY51 8 her

[ 0032] Upper c S abI y e out er ousi ng

and i s operabl onnect ed to the actu tor ass 6 f | verrent
M hi n « ROURGIE 1N Rosighly EOnaScHRarErug atintl akeribpdP Rrkel nonber
be mounted for novenent, it is understood that either or both of the choke
menber s megvesaeriowitbinthechousieg.u fdthoughdt istaresérableethasgbe uppsk ehokember 110
is sealingly attached to adjustnent assenbly 18 by retaining ring 116 and
seal 118 mémbéebabhyguatedofor ingvesrant, itTbeinderstogd ehat diteradr thdth oftper  choke

menber 110 has a preferably integrally-forned mati ng shoul der 122
choke members may be so mounted. The upper end 114 of the upper choke
member 110 is sealingly attached to adjustment assembly 18 by retaining ring
116 and seal 118, preferably an o-ring seal. The mating end 120 of the upper
choke member 110 has a preferably integrally-formed mating shoulder 122
formed thereon for abutmevnt with a similar mating shoulder 124 on the lower
choke member 112. Upper choke member 112 preferably includes annular
projection 129 which extends, at least when the upper choke member 110 is
in a closed position, as shown in FIGS 1A - C, into the interior 158 within the
choke end 128 of lower choke member 112. Projection 129 of upper choke
member 110 preferably includes a flow regulating surface 126.

[0033] The outer surface 126 of projection 128 acts as flow regulator.
The shape and features of the projection surface 126 determines the fluid flow
rates through the variable annular flow-area port 148 as the choke members
are opened or closed along path of travel 154. The projection surface 126
shape and features can be selected to regulate fluid flow as desired. For

example, an arcuate surface, as shown in FIGS. 1 — 3, produces flow-area

characteristics as shown in the graph of FIG. 6 which charts the increase in



formed thereon for abutnment with a simlar mating shoulder 124 on the | ower
choke menmber 112. Upper choke nenber 112 preferably incP&dekYa¥aul ar
projection 129 which extends, at |east when the upper choke nenber 110 is
in a closed position, as showmn in FIGS 1A - C, into the interior 158 within
the choke end 128 of | ower choke nenqﬁr 112. Projection 129 of upper choke
menber 110 preferably includes a flow'régul ating surface 126. [0033] The
outer surface 126 of projection 128 acts as flow regulator. The shape and
f eat ures open Aewpareiae Mgasurediin sgearezipches.atarswethe axial fravel, in Bwhesat es

t hrough the variable annular flow area port 148 as the choke nenbers are
opened or ofctheagiperlobnge pamhbert Theaarualddurfade ppvijesctheatesitableabiliy26  shape
and features can be selected to regulate fluid flow as desired. For

exanmpl e, @NoFérs Uit eheke f268, afd tsdretdrel redit&Auidl presturd eWRLEedUltiy area
characteristics as shown in the graph of FIG 6 which charts the increase in

28 JULY Zﬂqg%sc ﬁg@%gfel}gwp%rfgﬁnaﬁmrnqgoﬁla r@gﬁf@ngﬂg@%ﬁﬁr&gé@éﬁogge axi al

travel, in e upper choke nu e surface provides
t he desirabl e il o open t.he chpke a, and therefore reduce fluid
pressure, sl omﬁ?’%ﬁﬁ?tf’% rgngailggss gi’égdmf‘hgefqr%@fi sireflafaRsul d occur
wi th sudden pressure |oss. (0034] The flow regul ating surface 126 can be of
any desi raud spraguce aady pdesiask: fiowakssitoetravelowuareea Additiomaldly, oiinere.
Additionally, other features nay be added to the projection surface to

regul at e feltirdsf may. beAladeedate theoprijédtiom shefpes wndef@latairfRad aflevshown in
FIGS. 5A - D. FIG 5A shows a blunt-nosed projection. FIG 5B shows the

addi tion gheRatepijedtidh shases add féAutdiCane’ vt IPRIGY! 5ACE) 139 babyrinth
seals are known in“the art to regulate fluid flow and various types of

| abyri nt hsf?o‘?/@ acﬁ'ir&nlf’-ﬁoggglﬂ%fe%tiBH. FIG. 5B shows the addition of a labyrinth

seal 131 to the projection surface 126. Labyrinth seals are known in the art to
regulate fluid flow and various types of labyrinth seal can be employed on
projection 129. FIG. 5C shows a stair-stepped projection surface 126 and
FIG. 5D shows a conical surface 126. Other projection shapes and various
combinations of the shapes and features may be used. For example, a
labyrinth seal 131 can be used in conjunction with the stair-stepped projection
surface.

[0035] The lower choke member 112 is preferably slidably and
sealingly disposed within outer housing 14. The mating end 128 of the lower
choke member 112 has a preferably integrally-formed mating shoulder 124
formed thereon for abutment with mating shoulder 122 of the upper choke
member. Mating shoulder 124 abuts should 125 of the housing wall 46 to
prevent upward axial movement of the lower choke member 112 when the
choke is open. The lower end 130 of lower choke member 112 abuts a

biasing assembly 22, and specifically bias spring 132. Recess 134, integrally



projection 129. FIG 5C shows a stair-stepped projection g ngﬁ,lZG and

FI G 5D shows a conical surface 126. O her projection sH gﬁ % various
conbi nati ons of the shapes and features nmay be used. For exanple, a

| abyrinth seal 131 can be used in conjunction with the stair-stepped
projection surface. [0035] The | ower ﬁgoke menber 112 is preferably slidably
and sealingly disposed within outer "hédsing 14. The mating end 128 of the

| ower choke nenber 112 has a preferably integrally-forned mati ng shoul der
124 f or nlesmedepBolowesr cheka meembear t Hl 2vafarm§ @noantelar 1spacss femspapber choke
menber. Mating shoul der 124 abuts should 125 of the housing wall 46 to
prevent ugsgenblaxidd. Spoehassemblyt he6 Iseakingly fevigages tumrsiid 2 4vhtepistdme  choke
is open. The | ower end 130 of | ower choke nenber 112 abuts a biasing

assenbl y gan) At apBeRl s&al 442 i AerhBtdINdohd? cHidReememskt 112tRay &d v 28
JULY 2006 - 12 forned on | ower choke nenber 112, fornms an annular space for

Spool s ot LRSIt 07 bF B oS IRBRR TBHRA A 2

be stationary with respect to upper nmenber 110, or may be integrally forned
with or tdtidghed tPJ“Wéﬁ“Q 14. [0036] Upper and | ower choke nmenbers 110
and 112 abut at mating shoulders 122 and 124 formng an infinitely

adj ust abl e anrl0036]dhpereand lowenehake spambesst 11Phandirii2 abukatimating
preferably of a hard, erosion-resistant material, such as ceram c or netal

such as tsHuusders ¢22 bamte, 181 dbiming an wfinitelly| agjustabherarsrads chake aste known

in the art, nmay be used. The annul ar seal
annular seal 144. The annular seal is preferably of a hard, erosion-resistant
material, such as ceramic or metal such as tungsten carbide, stellite or of
alloy. Other seals, as are known in the art, may be used. The annular seal
144 may seal against liquid and/or gas pressure, as desired. A hard-surfaced
seal, unlike rubber, plastic or other soft seals, is preferred.

[0037] The choke assembly 12, upper and lower choke members 110

and 112 and annular seal 144 are shown in a closed position 150 in FIGS 1A
- C. The choke assembly is movable between the closed position 150 and the
open position 152, seen in FIG 3. The choke assembly is infinitely variable,
that is, the choke member may be positioned, as desired, anywhere between
the opened and closed positions, as shown for example, in FIG 2. The
exemplary embodiment illustrated can be opened to any position along
stroke-path 154 which extends a longitudinal distance 156. The size of
annular flow port 148 is controlled by adjustment of the choke members
relative to one another. The stroke-path distance 156 may vary, but

preferably allows projection 128 to fully clear the interior space 158 of lower

choke member 112, as seen in FIG 3.



144 may seal against liquid and/or gas pressure, as desired. A hard-surfaced
seal, unlike rubber, plastic or other soft seals, is préBJdPL¥A006[ 0037] The
choke assenbly 12, upper and | ower choke nenbers 110 and 112 and annul ar
seal 144 are shown in a closed position 150 in FIGS 1A - C The choke
assenbly is novabl e between the closed_position 150 and the open position
152, seen in FIG 3. The choke assenbf93rs infinitely variable, that is, the
choke nmenber may be positioned, as desired, anywhere between the opened and
cl osed positi dig®38}Eluihdaw from exterphk aréan 28| Bt fluithegpassrgeapdiof teabodi nent
Il lustrated can be opened to any position along stroke-path 154 which

ext ends aadgenghly Ud isadontictitarthrufFbtheTinfnitdly @anébleaamular fldw purpeas. 148 is
controlled by adjustment of the choke nenbers relative to one another. The

st roke- papf YHAHIE Ccol TRy VBEY gpBHEd BbRIPARIMs!d QP IfrEEhlign 128 to

fully clear e Interior spa e 15 as seen in

FIG 3. 28 JULY 2006 8l Fluid fl xt 28 fluid
passage RS Eodl adiemh 3%5#%88&5%?0? ihbccie: Sl iATage dbr e,
vari abl e annular flow port 148. The vari abI e choke may be opened sl owy
agai nst =saas.gd VoIl stidingrdgor ehekesuean oply be Wﬁ@eﬂ@g@'ﬂﬁ %r‘%ﬁ@'@ﬂﬁa’of t he

choke, w thout danmage to the seals. Typical sliding-door chokes can only be
opened agaessiresnfdibiciud1&fOipsi withioet damagify theaeald. 500 psi wit hout damagi ng
the seals. [0039] In gas Iift and other operations, it may be desirable to

maintain the [0aBBRIM gasniftUasd oligreoperhtiend, Mt Mayatid idekirdblenemafitain
cracked-open, position to allow unloading of the well. That is, in such an
appl | cat B,y driabYhAUBF area valve in a partially open, or cracked-open, position
to allow unloading of the well. That is, in such an application, it would be
undesirable or unnecessary to seal annular seal 144 or completely close the
valve. In such a case the upper member 110 may be maintained in a partially
open position, such as seen in Figure 2, by use of hydraulic pressure or a
stop, lock or other movement limiting device employed such that member 110
is prevented from sealing annular seal 144. The shoulders 122 and 124
would not need to seal off flow through valve 144. In the partially open
position the shoulders 122 and 124 are adjacent one another, thereby
restricting, but not eliminating fluid flow. The variable annular flow-area valve
can be moved towards and into the fully open position, seen in Figure 3, to
allow greater fluid flow.
[0040]Annular fluid port 148 is preferably adjacent outer housing fluid
port 160, which may consist of multiple openings through housing wall 44.
The housing ports 160 may be placed anywhere along the housing wall 44 ,as

long as they are in fluid communication with annular port 148, and may vary in

size, design and placement, as desired.



undesi rabl e or unnecessary to seal annul ar seal 144 or conpletely close the
valve. In such a case the upper menber 110 maybe nalntaﬁﬁgﬁ LYR0% partially
open position, such as seen in Figure 2, by use of hydraulic pressure or a
stop, lock or other nmovenent limting device enpl oyed such that nenber 110
I's prevented from sealing annul ar seal, ,144. The shoul ders 122 and 124 would
not need to seal off flow through val'Vé "144. In the partially open position
t he shoul ders 122 and 124 are adjacent one another, thereb restricting,

but not elim nE044d Thedpal prefarabinincludesapl kiasing asserbly@Zrasmshanvie can be
noved towards and into the fully open position, seen in Figure 3, to allow
greater fThe hihs apringdd32]abuts|lawef laniolte pmembbi8112 ghreHoalddy y64dratent

outer housing fluid port 160, which may consist of multiple openings

t hr ough hé’bl?tbrlﬁe%bi %ﬁsm g HURDUHErPMEE.S Tl)@obl%BYSé?ﬁ)doh?éSﬁge%ymre al ong
t he housing wall 44, as ong as they are in fluid conmini cation wth annul ar

SoLy ééﬁayﬁed@%ﬁﬁ%ﬂ T B HERYRS o SBBRR, pr ERISTRR Bl 2o
DUt t neOBBEISPRBES! nd 2028 S SF DTS Prso L skt PRGIWE) TROHGT any
type known in the art, such as the cylinder spring, shown, or belleville,
coi | or membersht2 sysh that the aonyfari finy Tt éﬁ&rfﬁ!?\ain%@@ﬁleﬁbwfwdthﬂl | ower
choke menber 112 such that the annular flow port 148 renmi ns seal ed when
the act uadtoatorsassdmnplyerexerts littlet |prepswres one uppet peieokec msmbaented. 110.

Further, where the upper choke member 110 is not under any sealing load,

such as when in a locked closed run-in position, bias spring 132 acts to seal

the annular valve. The bias spring also takes up any tolerances in the choke

assembly. The bias spring 132 may have a deflection 168 and bias force as

desired, and operates to move lower choke member 112 longitudinally within

the outer housing for up to the defection distance.

[0042] The upper choke member 110 may be operably connected to

the actuator assembly 16 through an adjustment assembly 18 and a locking

assembly 20. The seat attachment subassembly 170 of the adjustment

assembly 18 attaches to upper choke member 110 preferably via a retaining

ring assembly 172, as shown. Other means for attachment may be used as

desired. The seat attachment subassembly 170 is a cylindrical mandrel

slidably and sealingly engaged within the outer housing 14. A sealing

assembly 174, which may include spacers 176 and a sealing element 178,

seals the annular space between the exterior of the seat attachment

subassembly 170 and the interior wall 46 of the housing 14. The sealing

element 178 is preferably a vee-packing seal, as shown, but may be any



Further, where the upper choke nenber 110 is not under any sealing | oad,
such as when in a |locked closed run-in position, bias sp8iJH§Y28® acts to
seal the annular valve. The bias spring also takes up any tol erances in the
choke assenbly. The bias spring 132 may have a deflection 168 and bi as
force as desired, and operates to nn%g | ower choke nmenber 112
longitudinally within the outer houSirng for up to the defection distance.

[ 0042] The upper choke nenber 110 nay be operably connected to the actuator
assenbl y d@tablg.ough an adj ustnent assenbly 18 and a | ocking assenbly 20.
The seat attachnent subassenbly 170 of the adjustnment assenbly 18 attaches
to upper choke[00d3hEhe ladjupineértr absgmbiya 18 fuetharninciudesi ag adpstrheyt 172, as
shown. Qther nmeans for attachnment nay be used as desired. The seat

at t achnment;3HRA988NDhith 19 djustabi¢ vtthBREd tithe Bt flachhdlaRbussadbieal i ngly
engaged within the outer housing 14. A sealing assenbly 174, which may

i ncl ude s;ﬁi&g&gfe}%qugg aﬁngeeaadé&gsﬁ gie Nigol 48 shoRfed '?h% ;E/B@i%ﬂghg{qﬁeace

bet ween t erro seat a ment ~ subassenb

interior wall 46 of the hqusing 14. The sealing ,element 178 is preferably a
V6o packi g AASTERE SRERPY A MR,Pe SSRELBY FaitEteoRe taorSeRt G ¢

[ 0043] The adj ust nent assenbl%/ 18 further includes an adjustnent mandrel 180
whi ch i s thej adjustangntamaadrald1 8 te e seat altachorand reubassesddnii7g. Ao,
preferably via a threaded assenbly 182, as shown. The overall length of the
adj ust nenddjastassmitlyckify maecHzmisal €821t Bprbyided] wath ag thBesatédraahsimawn of the

adj ustnent mandrel 180 to the seat attachnent subassenbly 170. An
to allow the adjustment assembly length to be selectively set. Adjustment
mandrel 180 abuts the actuator mandrel 50 at shoulder 186.

[0044]Locking assembly 20 includes a retainer ring 190 threadingly
attached to adjustment mandrel 180. The retainer ring 190 acts with lock ring
assembly 192, including lock ring 194 and corresponding recess 196, and
expander ring 198 in a manner known in the art. The retainer ring 190 has an
inset shoulder 200 that mates with mandrel shoulder 202.

[0045]In use, the choke tool assembly 10 is run-in to a subterranean
well to the desired depth. The tool assembly is preferably part of a tool string
which may include numerous choke tool assemblies as well as other
downhole tools. The lower and upper adapters 40 and 42 are provided for
attachment to a tool string.

[0046] The tool assembly preferably has a locked closed run-in position
151 as shown in FIG 1. In the locked position 151, the locking assembly 20
holds the choke assembly 12 in the sealed closed position 150 during run-in

operations without hydraulic pressure in the actuator assembly 16. The

locking assembly 20 acts in unison with the biasing assembly to maintain the



adj ust ment | ocki ng nechani sm 184 is provided, such as the setscrew shown,

to allow the adjustnment assgmbly length to be sel ectivel3} J8EY 2008 ust nent
mandrel 180 abuts the actuator nmandrel 50 at shoul der 186. [0044] Locki ng
assenbly 20 includes a retainer ring 190 threadingly attached to adjustnent
mandrel 180. The retainer ring 190 acég with lock ring assenbly 192,
including lock ring 194 and correspondirng recess 196, and expander ring 198
in a manner known in the art. The retainer ring 190 has an inset shoul der

200 that ¢hRakesindherclasedipesitieRodndee loeked pemtas), the rgtainer rirg dABKaNd ool

assenbly 10 is run-in to a subterranean well to the desired depth. The tool
assenbl y losk prird easdeingblgad 92 omaintaoithet chole asseniblyral? iincthedeloseder ous
choke tool assenblies as well as other downhole tools. The | ower and upper

adapters gésitdnl &acarrmrgpfgwbd@@bfbtés with (ra6deEe 106 P tHie IR stifacBde 60046] The
tool assenbly preferably has a | ocked closed run-in position 151 as shown

in FIG 1. d i AL i l.ds t he
choke. as<B8ey YIS SEBEAB WBRHA AR (12 exaiBel PRE 195 BT o] o8
operatioqs wi t hout hédrauch pressure in the actuator assenbly 16. The
| ocki ng S¥BHAWATIINQYIWENh uni son with the biasing assenbly to maintain the
28 JULY 2006 -16_choke in the closed position. In the | ocked position, the
retai ner ring [0047hhke lpekdng Esagmipds @Rbngy 1 unigicked, as tiq&knewokie thesenbl y 12
in the closed position. Lock ring 194 cooperates with recess 196 in the
i nner surdriciey 4fydodulicaly amit@ind)onsneghawitallydéngaginghthee kel 50iorg 198 to
prevent mandrel 50 from upward novenent.

profile sleeve 60 and pulling upwards to unlock the lock ring assembly 192.

Shoulder 202 on mandrel 50 mates with shoulder 200 on the retainer ring 190

such that an upward force on the mandrel 50 will force retainer ring 198

upward as well, thereby forcibly moving the lock ring 194 from the recess 196.

The locking assembly 20 is then in an unlocked position 153, and the choke

may be operated. The locking assembly may be locked closed without

requiring hydraulic actuator pressure being maintained.

[0048]The actuator assembly 16 operates to control the choke

assembly 12. To move the upper choke member 110 towards the open

position 152, hydraulic pressure is applied to upper hydraulic chamber 72 of

the actuator assembly 16. Hydraulic pressure is supplied to upper hydraulic

inlet 60 via hydraulic lines (not shown) and then along upper hydraulic

passage 64, through upper port 68 and into upper hydraulic chamber 72. The

hydraulic pressure acts upon upper piston 76 thereby moving the mandrel 50

upwards. Mandrel 50, which is attached to the locking and adjustment

assemblies, causes the upper choke member 110 to similarly move in an

upward direction, toward the open choke position 152. Hydraulic pressure



[ 0047] The | ocki ng assenbly 20 may be unl ocked, as is known in the art, by
hydraul i cal |y actuating or nmechanically engagi ng the mar?ddBLY&8060r profile
sl eeve 60 and pulling upwards to unlock the I ock ring assenbly 192.

Shoul der 202 on mandrel 50 mates with shoul der 200 on the retainer ring 190
such that an upward force on the nmandrel 50 will force retainer ring 198
upward as well, thereby forcibly npvrﬂé‘the |l ock ring 194 fromthe recess
196. The |l ocking assenbly 20 is then in an unl ocked position 153, and the
choke nagarbbe apelied cak dgsiced, doknone teseprsnchoke membec K40 aryodesirad t hout
requiring hydraulic actuator pressure being maintained. [0048] The actuat or

assenbl y distapieer Abag dhokeopathol 54 etwbek ¢he atesbhyd IépenT positivas t159 upper
choke nmenber 110 towards the open position 152, hydraulic pressure is

applied tg,4pEsey, P%_qhg%ﬂap Sé"ﬁ?srtaﬂc’e 95 the actuator assenbly 16.

Hydraulic pressure is supp to upper ydraulic inlet 60 via hydraulic

| ines (not sh )atnd, t hen aI y aull sage 64 ough upper
port 68 and |m48ﬁﬁe hehf&? P@Sl@ﬁ’ﬁmig (ﬁV’ ﬂ]qrebéprégbu‘se acts
upon upper piston 76 thereb% novi ng t he nandrel war ds. Mandrel 50,

whi ch i s saaliaglyeengagadwithd R.'%@ehﬁfapl%mmb@nl 2 afsgf@ﬁlﬁgls@@u qef65e2 t he

upper choke nenber 110 to simlarly nove in an upward direction, toward the
open chokandd2ut abmetalto-imgetialasedlc144.esAsirtbe upper2éhdkd. yher@bér 1407iscan be
applied, as desired, to nove the upper choke nenber 110 any desired

di stance mbosd @;bwéneu)patﬁe IHdsihgt assamblye22! ased nisvésopen lowst tdike 150 and
152 up to the total stroke distance 156.

member 112 upwardly. The lower choke member 112 will continue to move

upwardly for a portion of the deflection distance, as determined by the

selection of the deflection device. Once the upper and lower choke members

110 and 112 have moved the deflection distance 168, continued upward

movement by the upper choke member 110 will unseat the mating shoulders

122 and 124 thereby creating an annular flow port 148 defined by the spaced

apart mating shoulders.

[0050] The annular flow port 148 allows fluid connection between the
external area 28, via fluid port 160, and the fluid passage 30. Fluid flow
through the annular port 148 is controlled by selective movement of the upper
choke member 110 to regulate the flow area available.

[0051] Preferably, the choke end 120 of the upper choke member 110
includes projection 129 which extends into the interior space 158 of the lower
choke member 112. The outer surface of the projection 129 defines a choke
regulating surface 126. The choke regulating surface 126 may be of any

desired shape and may have additional features as desired. The shape of the

regulating surface 126, by defining the shape of the annular port 148,



[0049] I n the closed position 150, the upper choke nmenber 110 is sealingly
engaged with the | ower choke menber 112 at mating shoul F8JELY2906 5nd 124 at
netal -to-netal seal 144. As the upper choke nenber 110 is noved upwardly,

t he biasing assenbly 22 al so noves the | ower choke nenber 112 upwardly. The
| ower choke nmenber 112 will conti nue Hg nove upwardly for a portion of the
defl ection distance, as determ ned by the selection of the deflection
device. Once the upper and | ower choke nmenmbers 110 and 112 have noved the
def | ect i oiegylatestbe ey agnintaube fipwapassaasy SRentPraferably, dbeestralieoke
menber | 10 will unseat the mating shoulders 122 and 124 thereby creating
an annul adisfano® i of theschikiei methbey 1t1i0ds greated tharptive lemgth ofpedjectiater s.

[ 0050] The annul ar flow port 148 allows fluid connection between the

external fr@auR, thetaaf lthé dulbWdenl §sitivRd15Detd WrdicpAss g desFhai d 1 ow
t hrough the annul ar port 148 is controlled by selective novenent of the

upper ch@endhiiBho idribP14€ 8¢ 1R Buldienblethanga, y2i | abl e. [0051]

Preferably, the choke éen e upper ¢ er 110 includes

proj ection 129 lLeh extends into the interiqr sp 158 of the | ower choke
nmenber 112. Th[gwggfer suﬂ‘]%cé‘pcﬁ’lert tﬁg‘%eoj @@f”ﬂ%ﬁ'{ 1§§§dé7f‘"i’¥le§ea BRyed

regul ating surface 126. The choke regul ating surface 126 may be of any
desired ﬁﬁwarﬁw,rmﬁowm@s thrirlosed osition mg%su%sgdl@%iapwtorraesghmye of the
regul ati ng surface 126, by defining the shape of the annular port 148, 28
JULY 200616.r dtydravlés ptéssuiré dsv saipplied nia hydeadlicolimgsaéeetgsh®n) & vesrabl y, t he
stroke distance 156 of the choke nenber 110 is greater than the |ength of

br ng eﬁg L Tydrd@R snleh 8Nathvoddh tioRef HydraBIR) chaRiddrond 15An tifkreBE8)jgct i on 129
hydraulic pressure within chamber 74 forces lower hydraulic piston 90
downward, thereby moving the mandrel 50 and upper choke member 110
downwardly.

[0053]By regulating the hydraulic pressure supplied to upper and lower
chamber 72 and 74, the upper choke member 110 may be moved, or held
stationary, as desired to any location along path 154, that is, in the open or
closed positions, 150 and 152, or anywhere inbetween. Consequently, the
choke is infinitely variable and flow through the annular port 148 can be
infinitely regulated. The spacing of the choke member 110 and 112 and the
design of projection 128 determine the flow rate through the annular port 148.

[0054]Described herein, the choke assembly and methods of
controlling fluid flow within the well using the choke assembly, which provided
reliability, ruggedness, longevity, and do not require complex mechanisms.
Of course, modifications, substitutions, additions, deletions, etc., may be

made to the exemplary embodiment described herein, which changes would

be obvious to one of ordinary skill in the art, and such changes are



extend into the interior 148 of the | ower choke nenber 112. 15(0052] The upper
choke nenber 110 may be noved downwardly, or towards t he LYee position
150, using the actuator assenbly 16. Hydraulic pressure is supplied via
hydraulic lines (not shown) to lower hydraulic inlet 62, through |ower
hydraul i c chanber 74. An increase in_j@ydraulic pressure within chanber 74
forces | ower hydraulic piston 90 downward, thereby nDV|ng the mandrel 50

d k | h h d
e e PTGy, dpe PP oAl e 205 SLiERl o RGN ehare

menber 110 may be noved, or held stationary, as de5|red to any | ocation

al ong patferagaing tdefeiled; desgriptien ipin ber clearly ddepsiond; andeinkgivendby 52, or
anywhere in between. Consequently, the choke is infinitely variable and

f1 ow t hr owgp dfhitlusiratibmranebreixabdiile camly pé¢he ispiritnahd| ycopeg wif ahedpreBamt spaci ng
of the choke nenber 110 and 112 and the design of projection 128 determ ne
the f1ow ihabidhbemahirhiied 30k BY 0hboddded ERRRG] Descr ibed herein, the
choke assenbly and nethods of “ controlling fluid flow wi thin the wel | usi ng
t he choke assenbly, which provided reliability, ruggedness, |ongevity, and
do not require conplex nechanisnms. O course, nodifications, substitutions,
additions, deletions, etc., nay be nade to the exenplary enbodi nent

descri bed herein, which changes would be obvious to one of ordinary skil
in the art, and such changes are 28 JULY 2006 -19 contenpl ated by the
principles of the present invention. Accordingly, the foregoing detailed
description is to be clearly understood as being given by

/



way of illustration and exanple only, the spirit and scope of the present
invention being limted solely by the appended cl ai ns. ?@JyBE?m%OOG 20 \What
is clained is: | . A choke tool apparatus for use in a subterranean well
operable to control fluid flow between the exterior of the tool and an
axi al passage within the tool, the choke tool conprising: an outer housing
havi ng an outer housing wall with at |east one flow port therethrough; and
a variabl e annular fl ow area choke di sposed within the outer housing, the
vari able annular flow area choke havinrg a first generally tubul ar nmenber

sealingly disposed w.thin the outer housing, the first tubular menber
having a sﬁ@@gﬁéﬁﬂmﬁﬂﬁya sealing surface, the first nenber having an end
defining an interior space therein, a second generally tubular nenber

seal i ngly disposed within the outer housing, the second nenber having a
shoul der w-th aA skeleitpg] apparatus &r ushin aswbtsrrdneanviadlroperablatg cantralflyid ant i al |y

tubul ar prgjegtian extendi ng..into,t inter] space .of the e of the first
renber oo PE e BESRRROS B SRl T b Bhae PR ol 1ob BeZPiettogt
di sposed i ¢onigtBinghousi ng novabl e between a seal ed position wherein the
sealing surfaces are_in sealing abutnment and an open posjtion wherein the
seal i ng surf aced oyies hepsipgbavipgan outer houging,walh with at legst ang flowost | wherein t he
seal i ng sUhERARSuAR! gndT®t @l . 3. An apparatus as in claiml| wherein the

seal ing surfaces are ceramic. 4. An apparatus as in claim| wherein the
menber sl i di ngl yvatiabjpomedlai flowtaecalvholks disposeédswithihithe owénhoadingsthabriableet ween

the seal ed. il ARSI BRF0k: Biltyg S BerBRRO AL el sGliRLPalspblhroi 0 the
within the outer housing, the first tubular member having a shoulder with a sealing
surface, the first member having an end defining an interior space therein, a second
generally tubular member sealingly disposed within the outer housing, the second
member having a shoulder with a sealing surface, the second member having a
substantially tubular projection extending into the interior space of the end of the first
member, at least one of the first or second tubular members slidingly disposed in the

housing movable between a sealed position wherein the sealing surfaces are in sealing

abutment and an open position wherein the sealing surfaces are spaced apart.

2. An apparatus as in claim 1 wherein the sealing surfaces are metal.
3. An apparatus as in claim 1 wherein the sealing surfaces are ceramic.
4. An apparatus as in claim 1 wherein the member slidingly disposed in the housing

is infinitely adjustable between the sealed and open positions.

5. An apparatus as in claim 1 wherein the first member is unitary with the outer
housing.
6. An apparatus as in claim 1 wherein the first member is slidingly disposed in the

outer housing.



housi ng. 6. An apparatus as in claiml wherein the first nmenber is slidingly
di sposed in the outer housing. 28 JULY 2006 21 7. An affpMLXt20% as in claim
| wherein the projection outer surface is arcuate. 8. An apparatus as in
claiml| wherein the projection outer surface defines a flow regulating
means. 9. An apparatus as in 8 wherein the flow regul ati ng means conprises a
conical surface. 10. An apparatus as in claim8 wherein the flow regul ating
means conprises a stair- stepped surface. 11. An apparatus as in 8 wherein
the flow regul ati ng nmeans conprises a Il2abyrinthian seal. 12. An apparatus
as inl | wherein the flow regul ati ng neans conprises a stair- stepped
surface. 13. An apparatus as in claim8 wherein the flow regulating surface

conprises an  axf HePatariddsi iACRim J4vhefiin RGBSR ddfer sirfidead fedate.t he
proj ection having an end, and wherein the “projection end and the end of the

first nmenber are axially spaced apart when the nmenber slidingly disposed in

the housing is j Ltian.. . rat us LR claiml1 further
conprisingga bi%§F®%£%§§§QBP§3hiéﬁﬁﬁﬂégﬁﬁﬁggﬁﬁﬁ%ggr?Wﬂ%ﬁéFﬁ¥Téﬂﬁ‘%rein t he
bi asi ng assgutbling ®eangr i ses a spring. 28 JULY 2006 22

9. An apparatus as in 8 wherein the flow regulating means comprises a conical

surface.

10.  An apparatus as in claim 8 wherein the flow regulating means comprises a stair-

stepped surface.

11.  An apparatus as in 8 wherein the flow regulating means comprises a labyrinthian

seal.

12.  An apparatus as in 11 wherein the flow regulating means comprises a stair-

stepped surface.

13.  An apparatus as in claim 8 wherein the flow regulating surface comprises an

arcuate surface.

14.  An apparatus as in claim 1, the projection having an end, and wherein the
projection end and the end of the first member are axially spaced apart when the member
slidingly disposed in the housing is in the open position.

15.  An apparatus as in claim 1 further comprising a biasing assembly.

16.  An apparatus as in claim 15 wherein the biasing assembly comprises a spring.



17. An apparatus as in claim15 wherein the first nenber is novable toward
and away fromthe seal ed position, and wherein the bias?3yYL¥8¥bly bi ases
the first nenber toward the sealed position. 18. An apparatus as in claim!|l
wherein the first nmenber is designed for use downhole fromthe second
menber, 19. An apparatus as in claiml wherein the projection conprises a

| abyrinthian seal. 20. An apparatus as in claiml further conprising an
actuat or assenbly operable to nove the slidingly disposed nmenber between
the seal ed and the open position. 21. Ap apparatus as in claim20 wherein
the actuator assenbly is hydraulically actuated. 22. An apparatus as in
claiml further conprising a | ocking assenbly for selectively nmaintaining

the stiding)y dispgnemulRIReli s WASHPAL Ak BRHIHeE Ahovafle BWaDRR al us as fin

claim 22 erein ing assenbly conprises a locking ring mechani sm
24. An appavatften e sealed pesition, anvhehaein thdlgiasing aserpbly biages the finhimendhecent ri ¢
with the oute hsugﬁgce ?f the outer housing wall. 25. An apparatus as in
claim1 wh@PBIGNaeY R 8Re 1 ow port in the outer housing is adjacent to
the sealing surfaces when the slidingly disposed tubular nenber is in the
seal ed position. 28 JULY 2006 23 26. An apparatus as in claiml further
conpri si ngléan ot epnaps asds slaim || yhesrin thedirgangmber s desigpedhfpr upredayydiolea|
relationshﬁ&nﬁkgaﬁhf&éag and second nmenbers when in the open position. 27.
An apparatus as In c arma6 wherein the adj ust rent assenbly conprises an

19.  An apparatus as in claim 1 wherein the projection comprises a labyrinthian seal.

20.  An apparatus as in claim 1 further comprising an actuator assembly operable to

move the slidingly disposed member between the sealed and the open position.

21.  An apparatus as in claim 20 wherein the actuator assembly is hydraulically

actuated.

22.  An apparatus as in claim 1 further comprising a locking assembly for selectively

maintaining the slidingly disposed member in the sealed position.

23.  An apparatus as in claim 22 wherein the locking assembly comprises a locking

ring mechanism.

24.  An apparatus as in claim 1 wherein the axial passage is not concentric with the

outer surface of the outer housing wall.

25.  An apparatus as in claim 1 wherein at least one flow port in the outer housing is
adjacent to the sealing surfaces when the slidingly disposed tubular member is in the

sealed position.



adj ust rent mandrel threadingly attached to the second nenber. 28. A fluid
flow control apparatus for use in a subterranean well co¥PL¥iZA% a
substantially tubular outer housing having at |east one flow port

t her et hrough; and a variabl e annul ar fl ow area val ve di sposed therein, the
vari abl e annular flowarea valve includes a first generally tubular menber
sealingly disposed within the outer housing, the first tubular nenber
having a shoulder with a sealing surface, the first nenber defining an
interior space therein, a second generaBly tubular nenber slidingly and
sealingly disposed within the outer housing, the second tubul ar menber
having a shoulder with a sealing surface, the second nenber novabl e bet ween

a seal ed pgsitigNa pﬁmﬁﬁsnnEmﬁnsffeﬂtﬁe?goﬁwg‘lﬁgcﬁﬁa@ﬁs%nmaeé%mmsewr and an open
position wherein the sealing surfaces are spaced apart, the second nmenber

having a piebicaedy varyimgthnipatiy) relatienshipef therﬂretrandrsegmcreemﬁerswheﬁmﬁbq menber
when in the sealh € position. 29. An apparatus as in claim28 wherein the
vari abl e aMi ?Fow area valve is infinitely adjustable. 30. An apparatus
as in cIa|n128 mhereln the sealing surfaces are netal. 31. An apparatus as
in claim28 wherein the first mepber is unitary with the outer housing. 32.
An appar at#s asAi APRaratysAsIB clpie 26 whegeHethe aﬁhg%memﬁea? lyeorpRrises 8ns| i di ngl y

i SPOSSd i ilent el AU aBEnelldb 1h 200t 3. AN apparatus as i

cl aim 28, e projection havitig an outer surface, and wherein the
projection outer surface is arcuate. 34. An apparatus as in claim?28, the

EL(r){‘ :gél gg%i{?ﬁ\é;&gluﬁn%%%;% gé;}caﬁ usn@gﬁ% 1% sut?terranean wellc Jn%ﬁgilng:na outer

substantially tubular outer housing having at least one flow port therethrough; and
a variable annular flow-area valve disposed therein, the variable annular flow-area

valve includes a first generally tubular member sealingly disposed within the outer
housing, the first tubular member having a shoulder with a sealing surface, the first
member defining an interior space therein, a second generally tubular member slidingly
and sealingly disposed within the outer housing, the second tubular member having a
shoulder with a sealing surface, the second member movable between a sealed position
wherein the sealing surfaces are in abutment and an open position wherein the sealing
surfaces are spaced apart, the second member having a projection extending into the

interior space of the first member when in the sealing position.

29.  An apparatus as in claim 28 wherein the variable annular flow-area valve is

infinitely adjustable.
30.  An apparatus as in claim 28 wherein the sealing surfaces are metal.

31.  An apparatus as in claim 28 wherein the first member is unitary with the outer

housing.

32.  An apparatus as in claim 28 wherein the first tubular member is slidingly disposed

in the outer housing.



35. An apparatus as in claim28 further conprising a biasing assenbly. 36.
An apparatus as in claim28 wherein the first nenber is B3d8ILYr8e f or use
downhol e fromthe second nenber. 37. An apparatus as in claim 28 further
conprising an actuator assenbly operable to actuate the annul ar valve. 38.
An apparatus as in claim28 further conprising a | ocking assenbly for

sel ectively |ocking the annular valve. 39. An apparatus as in claim28
further conprising an adjustnent assenbly for selectively adjusting the
annul ar valve. 40. An apparatus as in g@haim 28 wherein the annular flow area
val ve is novable between a partially open position allowng sone fluid flow
and an open position allowwing for greater fluid flow 41. A nethod of
control l'ing, fl uj j "t . . J: i 1 erranean
vl | the st hodt sepebtid 18 cuf KRG RGO 1 DB e o Bl T g o
vari abl e athaptaectibh outenswerface isarauaten a  subt erranean well, the variabl e
annul ar fl ow area choke capable of selectively regulating fluid flow, the
vari abl e annul ar fl ow area choke having a first generally tubular nmenber 28

JULY 2006 325 nmy apfa¥atadus is 8Rkrh 28] the BlofRASIEHavihd 4 dutébufdeS hnd'RH&ERY, t he
first tubular nenber having a shouldef with a sealing surface, the first

menber def thaprrjectian puteesurface defines adlostregyating mepssond general |y tubul ar
menber sealingly disposed within the outer housing, the second tubular
menber having a shoulder with a sealing surface, the second nenber novabl e
bet ween a 3%al eAn pymirdtugds inkkire 28 firther seaprishgy sbindiag aserably. i N abut ment and
an open position wherein the sealing surfaces are spaced apart, the second
menber having a

36.  An apparatus as in claim 28 wherein the first member is designed for use

downhole from the second member.

37.  An apparatus as in claim 28 further comprising an actuator assembly operable to

actuate the annular valve.

38.  An apparatus as in claim 28 further comprising a locking assembly for selectively

locking the annular valve.

39.  An apparatus as in claim 28 further comprising an adjustment assembly for

selectively adjusting the annular valve.

40.  An apparatus as in claim 28 wherein the annular flow-area valve is movable
between a partially open position allowing some fluid flow and an open position allowing

for greater fluid flow.

41. A method of controlling fluid flow into a downhole tool disposed within a
subterranean well, the method comprising the steps of:

placing the downhole tool having a variable annular flow-area choke in a
subterranean well, the variable annular flow-area choke capable of selectively regulating

fluid flow, the variable annular flow-area choke having a first generally tubular member



projection extending into the interior space of the first nenber when in the
sealing position, the projection for controlling fluid 38k%t2ugh the
choke when in an open position; and selectively operating the variable
annul ar fl ow area choke, thereby regulating fluid flowinto the downhol e
tool. 42. A nmethod as in claim4l wherein the variable annular flow area
choke is infinitely variable. 43. A nethod as in claim42 wherein the step
of operating the variable annular flow area choke further conprises noving
a first generally tubular nmenber with ngspect to a second generally tubul ar
menber between a cl osed position wherein the tubular nmenbers are in sealing
end-t o-end abutnent and an open position. 44. A nethod as in 43 wherein the
first tubu EealiselV Bissdskd Wi j RNGR06 i interior
of the dow}?ﬁgallﬁewt oole?h%?.’ &15? Ans‘ggmlgng@q}uﬁ&%gh%tt her colqrriglrgllt %liwhg&tlﬁgﬁgt ep of
oper abl y a# stmuldenyithn sealingsudace, the Sstivhgmtieo defirengamintesior sprok ¢hered§,a A et hod

as in 42 further conpri,sing the st of,. oper,ab ttaching.a hiasin
Sesenbly t epmEbonERiPhistinhentbes a0 uisgd Wit Bt oREhORif Beidg,
further conpiliasime@béditiigeishoiilderooih fgealihgsaiioellthd seebitk@emberdmowbs ed

position. 48. A nethqd as in_claim4l wherein the step of operating the
vari abl e aPfitipelya sealsgpositien waprsiaghs sealingsurfasesare yeabulpentapd an ppanst general |y

cllosed pos e e e R AR R Sl B IR S end
abut nent apmjeatiorogaendmgsintd the interior space of the first member when in the sealing
position, the projection for controlling fluid flow through the choke when in an open
position; and
selectively operating the variable annular flow-area choke, thereby regulating

fluid flow into the downhole tool.

42, A method as in claim 41 wherein the variable annular flow-area choke is

infinitely variable.

43. A method as in claim 42 wherein the step of operating the variable annular flow-
area choke further comprises moving a first generally tubular member with respect to a
second generally tubular member between a closed position wherein the tubular members

are in sealing end-to-end abutment and an open position.

44. A method as in 43 wherein the first tubular member is in sliding and sealing

engagement with the interior of the downhole tool.

45. A method as in 42 further comprising the step of operably attaching an actuator

assembly to the annular choke.

46. A method as in 42 further comprising the step of operably attaching a biasing

assembly to the annular choke.



49. A nmethod as in claim48 wherein the first tubular nmenber is in sliding
and sealing engagenent with the interior of the downholZ8 JUb¥|200650. A net hod
as in 49 wherein the second tubular nenber is in sliding and sealing
engagenment with the interior of the downhole tool. 51. A nethod as in claim
41 wherein the step of operating the variable annular flow area choke
further conprises noving a first generally tubular nmenber with respect to a
second general ly tubul ar nenber between a partially open position allow ng
restricted fluid flow and an open positizn. 52. A nethod as in 41 further
conprising the step of operably attaching an actuator assenbly to the
annul ar choke. 53. A nethod as in 41 further conprising the step of operably

attachi ng g bi a8iathodd3 $EIP FkthePodntlRisBE &p 6F18KEng Ad-anfyIFBIHIR RS 1 41
further conprising the step of |ocking the annular choke in a closed

posi tion. @&esedposiborhod as in claim4l wherein the projection conprises a
flowregulating surface. 28 JULY 2006 27 56. A nethod as in claimb55
wherein the flow regulating surface is arcuate. 57. A nethod as in claimb55

wher ei n t 8. f | cAvnieti@idladtin €lgins 4t tvherein the btol 6SopRrating by vaitabieannglgeflow58. A
method as in claimb55 wherein the flow regul ating surface is stair-stepped.
59. A net hep goke Rirthencomprisenmeywe s firsleendrally ubyar memper With respest ok udes a

| abyri nt hi &@on?fg;eggrtaﬁ tubﬁ‘lapﬁe)t}%gr Betwbdh £US o Fh&ER hOfublilaPWehBad! ati ng

surface is at artira
are in sealing end-to-end abutment and an open position.

49. A method as in claim 48 wherein the first tubular member is in sliding and sealing

engagement with the interior of the downhole tool.

50. A method as in 49 wherein the second tubular member is in sliding and sealing

engagement with the interior of the downhole tool.

51. A method as in claim 41 wherein the step of operating the variable annular flow-
area choke further comprises moving a first generally tubular member with respect to a
second generally tubular member between a partially open position allowing restricted

fluid flow and an open position.

52. A method as in 41 further comprising the step of operably attaching an actuator

assembly to the annular choke.

53. A method as in 41 further comprising the step of operably attaching a biasing

assembly to the annular choke.

54. A method as in 41 further comprising the step of locking the annular choke in a

closed position.

55. A method as in claim 41 wherein the projection comprises a flow regulating

surface.
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56. A method as in claim 55 wherein the flow regulating surface is arcuate.

57. A method as in claim 55 wherein the flow regulating surface includes a

labyrinthian seal.

58. A method as in claim 55 wherein the flow regulating surface is stair-stepped.

59. A method as in claim 58 wherein the flow regulating surface includes a

labyrinthian seal.

60. A method as in claim 55 wherein the flow regulating surface is at least partially

conical.





