; €3eTLd6TTj zYI NFI Nl TELY VARI ABLE CONTROL VALVE APPARATUS AND METHOD

TECHNI CAL FI ELD [ 0001] The present invention relates generally to apparatus
utilized to control fluid flowin a subterranean well and, nore
particularly provides a choke for selectively regulating fluid flowinto or
out of a ' tJ | i bl | \J N pi cal ly,
a flow coh@?h‘nﬁﬁp%%g%p@@u%m &ﬂ%@P&EéWI@W?éb nto a
production tubing string of a terranean_hydrocarbon well. Such flow
control chokes are particul arl ig%{g'&'lwhﬁ'eswl tiple zones are produced
and it is desired to regulate the rate of fluid flowinto the tubing string
from each zon§Q0Qtdine pregenyinvaenjionatetates danesaliy teappasatveadiized tthat rat es
of production from each zone be reported) necessitating the use of a choke
appar at ugopntrobfibier flowt hods sobtetieineani wehgarsd) dhore quarticulbtly ngrovidesr at e of
production from each zone. Safety concerns may al so dictate controlling the
rate of BREKYFSH Sledthvily atfr) Buid [P Rito bl et 6hé’|ﬁ§’c§in%rs‘ﬁfir?é arpageful in
single zone conpletions. For exanple, in a single wellbore producing froma
single zqp in 8N ﬁperator may determine that it is desirable to reduce the
flowrat& 1romthe zone into the wel lbore to limt damage to the well,
reduce water coning and/ or enha |3 recovery. [0004] Downhol e

val ves, such as sliding side do%?kﬁ%aﬁﬁ?gned for operation in a fully
closed or fully onen configuration and, thus, are not useful for variably
regul ating fl ﬁ@ﬁerdwq%r t FOW RPtrobARPREAMES d dieed 1oy Firetle 9r &Pekeyr ovi ded
wth a fixed orifice which cannot be variable w thout intervention.

~YBI VA~~fIRid fiewvirio-g prodoctiore tubing stingeba stdiemanean dydradgarben avelf r om a
certain formation. Unfortunately, conventional downhol e val ves and chokes
are al soSuchi fles contrdiechokesetird pasticubantya wseful nveeree miltiplei zomexqaire ed t o
change the fixed orifice or to open or close the valve. Additionally, it is
di fficul préduceiteang islig @e@ﬂe@itderégmvtesth@wafe againg tiow limogthedtfdigg ent i al
pressure (such as, in excess of 2500 psi) w thout damage to any of the door
seal s be MAR ity 0 tine needed
is a floaﬁﬁ{régf %ggggzﬁjét% us Wniltch ig’ %%gg%& lré‘gItriidaril{ﬂe"‘g, '[r%gdﬂlq%-ﬂh:a\%;ed, SO
that it b i 17 1N C | et i ' t e ervice,
Fepai 1 ol R oduAGH fidhn SUEH Fne 't MAdpled, rieRBLb ot LieEBuE Ny 4000 St s
shoul d be, adj ust abl.e. The apparatus should be resistant to erosion, even
when 11 £ookh APpAtHt s of S TReRLS T eSR pnE Arof edlip i e RS o anc

shoul d be capable of accurately regulating fluid flow Additignally, there
is a nee@QBCgNEEIMNABACH é%eéﬂﬁ?t&rp%‘&ﬁr'lﬁpm@}’a@% chigtate aPRfFOING the enti al
pressure w thout excessive danmage to the choke seals. [0006] Such a

downhol eratarafgspductinskiren) rReH z@neaoul d al | ow an operator to maxim ze
reservoir production into the wellbore. It would be useful for conpletions,
i ncl udi ng any [0@&03] RiMnerehdlesi sredaksior asefub it airigle| zdneutdmblationssu€br as gas
wells, oil wells, and water and chem cal injection wells, in sum in any
downhol e eRaMpIONAENEINGRE wellbbfeoptddigiridoir 8Wirjle fZonkedan dferatar mMays is
accordingly an object of the present invention to provide such a flow

cont ol ABRANALYIhAIGE RRIEbletd Fidtd ey YRR MERRING @M NOK! g

as well as't a ty to shu ow, and associ ated net hods of
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.
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-3 controlling fluid flow wthin a subterranean well. SUMVARY [0008] In
carrying out the principles of the present invention, in accordance with an
enbodi ment thereof, an annul ar choke apparatus, and nethods of use, are
provi ded for use within a subterranean well. In broad terns, a choke tool
apparatus is provided which includes 62{1 out er housi ng having an outer
housing wall with a | east one flow port therethrough, and a vari abl e

annul ar flow area choke di spose jthin the outer housing, the variable
annul ar f|'%&%r 8% cﬁ@ﬁ%d h&?%oge }Nh simie QWaIfItr‘}mt Lﬂ)upﬁﬁgﬁ‘erfﬁémag@‘a-l ingly
di sposed within the outer housing, the first tubul ar nenber having a

shoul der Mnioftunatelnl coryventionat dowahelsc yalyeganst ahokes areiladgo fianiteer in
slidingly and sealingly disposed within the outer housing, the second

t ubul ar nibetyarsefisiness bacailsaiindeventiom isarespidedrto changacbe fixed etfivenst nenber
novabl e between a seal ed position wherein the sealing surfaces are in

seal i ng abusp@nlor allskeAthedRaIveDOAUHItRAaIEE & Aiffibdit 36 FpeRda SHHIRLC SRiear €
spaced apart. The sealing surfaces preferably provide a netal -to-netal

seal . Th rd r W&/t ' hergl I efaiyabl y
provi dese(%dcl)(? %Iﬁ?!)ﬁf]?@ﬂ%?dg{d&é‘;m Bgﬁﬁgﬂég%%ﬁs(g%ﬁc c')s"zf%ggigtofc?ﬁ)@f or
precise flo | atlon. r .ncl ude,.an actuyator, | ocking,
2 ust merht® LTEEpingBe o fnf P4t SR bREaUS Ao SRt RS | ¢y
be desi rggl e to vadi ably regulate the flow wi thout sealing the val ve.

[ 0009] Th Uty - aspects, features, objects, and advantages of the
present invention will be mare fully appreciated foll ow ng careful

consi der ati on [B00bhWhattini neafegetscai fowosPriidl arrasaPpBNMNIED o AUW0eRE set
forth -4 herei nbel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] FI GURES 1A
- C are getiablenandilevglivekeso ahahdt Inmae ba- atiifed-iigueampletiofs swithessi ve

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

i nvent i onrequiriemge fcrenhogervice, arepanf iqyurepglacemeat. r ditni cagnpeisata for

subt erranean wel | bore; [0011] FIGURE 2 is a sectional view of the choke
shown in & apRfind @or)dit%@,” tﬁ@?éﬁlgééaﬁjs[ Rl b QdfastaBre.- Thardppaestusonal

views taken along line B-B o , of the choke shown in a fully open

position; QURFE, 4. i e i ; qféq,, t:he ol
assenbl y;Sl{ogjg%ﬁe EFTlS&J bﬁgﬁgé@nm@ge%ﬂélrfitvl%gﬁ%ﬁf@?%%rI ougégﬁgﬁfe"}”?/
assenblies; and [Q015] FIGQRE 6 is raphi cal, represent ation of .the
Choke' s cian Pdueiares rpsitns. ey’ s FoPalechl REEHelreoliathd  ep
DESCRI PTI ON (0016] Iljusira ed iin FIGS {%ﬁ'\ - Cis a tool assenbly 10
enbodyi ndluit oy i Addpianallys there is aVReRJ .2 VAriahle shakeo BRIOPEPt i on of
the tool assenbly 10 and ot her apparatus and nmet hods described herein,
di r ect i oregainglr aghigh ¢iffergstiakprpssure witiogivexcesgiye damagefpthe gake, are
used for convenience in referring

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



to the acconpanyi ng drawi ngs. Although the tool assenbly 10 and ot her
apparatus, etc., shown in the acconpanying drawi ngs are depicted in
successive axial sections, it is to be understood that the sections forma
continuous assenbly. Additionally, it is to be understood that the various
-5 enbodi rents of the present |nvent|8p described herein may be utilized in
various orientations, such as incline i nverted, horizontal, vertical,

etc., mntho departi n1the ri nci pl es, of t he present invention.

[ 0017] Thebd 6¥m3£§ ﬁﬁEgV "b%sgh e@RVeles a choke assenmbly 12 di sposed
wi thin a general tubular outer housing 14. An actuator assenbly 16,

adj ust ne U&@éb y 18, locking assenbly 20, and bi asing assenbly 22 may

al so be included. [0018] In a nethod of using the tool assenbly 10, the

vari abl e annul [8008] lew-cairging: halke tizs spritdipled2 ofintheaqiregédtr imesRIIP, Yinl6 are
positioned within a subterranean well as part of a production tubing string

24 eXtendadaﬂra&wééﬂw.maéﬁrerﬁbgumeaﬂemeﬁe%fr @Hrgﬁﬁméafchs éyaqgargﬁfsr gd in FIG
3A - C, fluid (indicated yarrovvs 26) mayflowaX|a rough’the t ool

aeserly Moot B8 DareBrd/lucy Tl L@éw.ﬁée§b§ehun%%p f|“qn2¢¢g>eaﬁhe fluid

26 may, for exanple, 'be pro roma zone o eI ow t ool

assenbl y I n that an_additiona the tu string 24
i ncl udi nd® anﬁaék%}qie gotc’?sarﬁ) ?tu\ﬁdﬁl‘yoﬁé}e& éhﬁ‘i‘e'cﬁ“’r%eé ﬂBHﬁ\ngmanner
toalo adaptor 40 of the t assenbly 10 and set |nthe wel | in order
to isol \Qer@vﬂ’?ﬂaaf‘oﬂ‘étebg%'\ﬁl%\é’aﬁd’éﬁ'i h erlsrsbPRe flovp Regt treretheowah. andrge t ool

assenbly 10 enabl es accurate regulation of fluid flow between the external
area 28 aadiakle ianrwaraflowxargla choke @ispesepk Bithiexthendiuter hiousingh thiee choke.
[0019] In another nethod of using the tool assenbly 10, nultiple chokes may
be i nst alVagidblen arimeldrufiowepretr cnoke2 having fa éiesthgefieralie tubalss senitespondi ng
to a respective one of nultiple zones intersected by the well, and with the

zoncs belsaibghl isgskdd MTpAm altBeoatihg! 00 IOLKIASL Wr hanglr | 1o
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



of fluid flow fromeach of the nultiple zones, wth the fluids being
commingled in the tubing string 24. [0020] It is to be understood that,

al though the tubing string 24 is representatively illustrated in the
acconpanying drawings with fluid 26 entering the | ower adaptor 40 and

flowi ng upwardly through the fluid pas%age 30, the |l ower connector 40 may
actually be closed off or otherwise isolated fromsuch fluid flowin a
conventional manner, such as by attaching a bull plug thereto, or the fluid
26 may beheredeloWownwar dly through the fluid passage 30, for exanple, in
order to inject the fluid into a formation intersected by the well, w thout
departing fromthe priBRIGHF BESGRIPTHON OFcTHEi DRAWINGS [ 0021j The outer
housi ng 14 preferably has a | ower adapter 40 and upper adapter 42 for

attachi ng the (o0} ESGEREY 110-a5 drardecional Vidhaeale Blthgline Tha ypper
adapter 42 is integrally formed with outer housing 14 while the | ower

adapt o1 4k SE0) LB Ahidotta SRHERS O QLA Sk hous no
RIS TR e e e R

manuf acture at a reduti d cost conpared to other designs. The generally
t ubul ar o%n‘f@?"ﬁﬁ@@?ﬂt?'gﬁr?' 44 separates an exterior area 28 from an
internal fluid passageway 30. Wall 44 defines an interior surFace 46. The
Fi gures show t 1@458@‘6{ 2tigupagtignalivievy 8§ shgyehabie shpwe inf 2 grartially cent er
of the generally tubular outer housing 14. Such an arrangenent better

al | ows foopgr positient of hydraulic inlets, fluid ports, control lines, and
the like. It is understood that any of the generally tubul ar assenblies

and parts descpo0dJFIGURES BAY- Garaseetigei vitwieikehi iahd Yin6B-BAf.Flas
desired, may be circular in cross-section, as shown, or nmay contain

irregul aritéihe chBREZhod e il operpBuditRin: f | ow-area choke assenbly 12 is
sealingly ’attacheg to the actua é)ﬁ) asse| ly 16, shown in FIGS 1A - C. The

act uat or " assenjyoy 536 4 SRESET b ARLTASF IIFUIEL AR Bf HAOKE) A8sert. act uat or

assenbly shown'l y an exanple of ~actu khown' I n e ar
nyaraul ool 1 (el et b TP R HofF BR IR, ©°
controll eglndas is known in
[0015]FIGURE 6 is a graphical representation of the choke’s open
flow-area versus the travel of the choke members.
DETAILED DESCRIPTION
[0016]Illustrated 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



the art. [0023] The actuator assenbly 16 axially displaces mandrel 50 al ong
the interior of outer housing 14. Preferably, mandrel 50 is connected to
choke assenbly 12 through | ocking assenbly 20 and adj ustnent assenbly 18,
as shown, however, other arrangenents can be enpl oyed as desired. Mandrel
50 includes profile sleeve 52 and is tached thereto by latch ring
assenbly 54. Mandrel 50 and sl eeve 5Z hay be integrally forned, but for
tool assenbly purposes are preferably separate. Profile sleeve 52 noves
axi al |y a¢®Rgdtmentsnelethe progant @Mem%% descoiped hereim gravhbasuiilizedain Upwar d
novenent of sleeve 52 is limted, as seen in FIGS 3A - C, by contact

bet ween nwdrious shientatemss sddic esSthainetdhanvgrped, bodzéftagf vericdt,ektdd0 and
correspondi ng shoul der 58 defined by the interior surface 46 of outer

housi ng 1githd@QFetartifdn Sroem tfﬁﬁpriir‘ici%ﬂkédroﬂﬁé pAddeyit @nebAcal |y act uat ed.

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

| over hydrauli 'wyfgé t68) Adniidy 185 a8 2PWN) idIGIds a%fﬁ;‘k%%%ein%lgr@nsm tted
r and | upp

along _g_ uppe ower hydraulic passages 64 and 66 an r and

| ower hydg.aul ic 6 ' f ab ,ned w thin

housi ng V\%'?w)élezfj ggtr hirﬁS‘v@‘?’?‘%}g'@Zg”u qll\%'l |8Qﬁegth%;9§{r@?%0 Aé%(?%@%tﬂggsﬁ%'%glyt ached
to a hydraulic control |i fitti 63 as epn.in FIG 3. [0025] Upper

hydr aul i c%?)o‘? JU%@@U@%@@%M& g?ﬁrl&%g ﬁPé%@tfffyeEQOaﬁﬁﬁé@s'ﬂ9cﬂs§ﬁmmy @I%anber 72
in the annul ar space between mandrel 50 and outer housing wall 44. Upper

pi st on 76May ajgq befreludsd.er nal | y about nandrel 50. Upper piston preferably
i ncl udes bearing rings 78 and 80 and circunferential seals 82, preferably a
vee- packi ng sef#@018lUmpamethetarf uding thee hapd gasdemibiyh 10atidr edridifle sarrtuldrhat

axi al nmovenent of the piston 76 by the actuator assenbly 16 causes a

COr r esponibiviraréx chbkélisspbmbdedtanef adthatorasderibhb 86 dvevsystiinedf withig pi st on
76 causes novenent of the choke assenbly 12 froma cl osed position 150, as

seen in H GHolerfaredt whbl\HR' Sisrt 3R OPRIUUBASH ttdjtﬂﬁgjéﬁmg? 23 SBAdIG fo! fge 3A - C.
The variable annul ar flow area choke 12 is preferably infinitély variable
and is segnul I.at e I SRR pegi_thogp 1N El

[0026] The gl 8 safteEl: ASTEhRLEnRivER o e IR FICPSR Lo RuldtiridiCate
Circunferential s 86 seal i ngl ngages, t h ndrel 50 externally and
permts ftPS{Jiat'SmiV‘éso%gbirBﬂytf&%@é&a%hB‘raﬂgtérthﬁy@iogﬂlﬂsisemr?@era“éq‘én ©l ower
hydraulic chanmber 74. Seal 86 is preferably a vee-packing seals and may

i ncl ude RN BgUFaRgsviathatubing. stringoZ4. digefluidyd@ duay.clopgp@nsdiesigpl i es
pressure to |l ower hydraulic chanber 74 in the annul ar space between mandrel
50 and weprbdudedfoonazeae Fahanelikelowdhade assemblai Dy Inthat ¢aseeanpi st on
90. Lower piston 90 -9 preferably includes seal 92, and retaining rings
98 whi ch axizbfieraitperiion bf ther tudbsn sttingR 4 inctudiisg 86paakemgmotr sHoviat). waéuldal

di spl acenent of |ower piston 90 facilitates correspondi ng axi al

di spl acemgtatdicheanigr al cofveattibnapenatmsr t amiveert Beapltokso asfstigbhyoll2 from
any open position, such as seen in FIGS 2 and 3, towards a cl osed position

150, as ié%s'égr‘rfgw dlgﬂa%]et'ih the WSS rd&0td [Riats &hECIdNE baRM Ald eoOf

actuat or ass operates to selectively open and cl ose choke assenbly

12. The Cfpgnl%eoflr\%r 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



may be noved to an open position 152, as in FIG 3, or a closed position
150, as in FIG 1, or any position therebetween, naking the choke infinitely
vari abl e. [0029] Axial displacenent of the nmandrel 50 is acconplished by
applying fluid pressure to one of the chanbers 72 or 74, thereby applying
an axially directed biasing force to tge pi stons 76 or 90, respectively.

For exanple, if it is desired to displace the mandrel 50 axially upward to
permt or increase fluid flow through the choke 12 or to decrease

resi st anc&trtng. f Tows thﬁdapkwwyo@ﬁlswmﬁ $PECYGIR ragatien hFI kR to the
upper chanber 72. Conversely, if it is desired to downwardly displace the
mandr el 50f floidgtaw &em eackl et thasuilfiplaizones owith Hhe dlgits beingresiemimled to

i ncrease resistance to fluid flow therethrough, fluid pressure may be
appl i ed tn thestubineestring@4ber 74. [0030] It is understood that the actuator
assenbly 16 may be of various types, nechanical) hydraulic or others.

Alternate act UEO(PIO P LD | b UrRIRPstobl ehat O8lthFGH ThEBMILRY fimg 240 id). S
Pat ent Nunber 5,979,558 issued to Bouldin, wh i s hereby incorporated by

iC
ref erence I . p 031 o] . 4n A - C
i ncl udes ﬂp%grsgh]a:“%'g/cﬁg%gmtrféeﬁb@rk Ogg%%ﬁﬁﬁﬁ#acéﬁ%ﬁggmgb I@%oke
menbers 110, and 112 are general lindrical and are circunferentially and
seal t ngl y SIS RESBE anehPHoBGr 40 ot okl uSRepBlsyRugnahedikBartet: 110
IS indabIé di sposed in the oquter housing 14 and is operably connected to
the actuaBBr thes oneates 4axnay astallyebe clgsas afftaieothenuisagsolatethough it
is preferable that the upper choke nenber be nounted for novenent, it is
under st ootrotrhatictefltiddlovon dcohventiara nesules, skotbas byradiacbingsa babyphaged. The
upper end 114 of the upper choke nmenber 110 is sealingly attached to
adj ust mentheastoerdvitiie ¥Riid 26r @ugibe figwed dpwiiviardhdttseagh 108 flupd ehesadd y an
o-ring seal. The mating end 120 of the upper choke nenber 110 has a
pref er abl goi firegiaphpl¥; oo toMjeBOtHENIUY I8t d femi&lorerhtdRBERANLY e

abutnment with a simlar mating shoul der 124 on the | ower choke nenber 112.

Upper cholg "G tRG it % rﬁﬁg?r‘éﬁmé’ph@kﬁbﬂé@%ﬁtﬁé‘Bliél%fr}tg{\}%Jn%hi on 129 which

ext ends, at 1east er choke menber
[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



in a closed position, as showmn in FIGS 1A - C, into the interior 158 within
the choke end 128 of | ower choke nenber 112. Projection 129 of upper choke
menber 110 preferably includes a flow regulating surface 126. [0033] The
outer surface 126 of projection 128 acts as flow regul ator. The shape and
features of the projection surface 126 determnes the fluid flow rates

t hrough the variable annular flow area port 148 as the choke nenbers are
opened or .| osed al path of travel 154. The projectipn surface, 126 shape
and 1 eat Afetiec SNBEAINe tRIa Fssomihiies aRRYf PRt qesubed Rewin cmavrbe

exanpl e, an arcuate surface, as shown in FIGS. 1 - 3, produces flow area
char act erdreangss eanoensigallyringd, ag desired, masbegiighlarin EFRE-8E6tiNd, BScr ease
in -11 open flow area, neasured in square inches, versus the axi al
travel ) ishown;loesnaytontam nggelaritieske nunmber. The arcuate surface provides
the desirable ability to open the choke area, and therefore reduce fluid

pressure, sl oybg22EmB VaRgbleNah@sisr daWedieat hdkeeadsmBh/i o2 ié RaaliMgyl d occur
Wi th sudden pressure | oss. [0034] The flow regul ating surface 126 can be of

any desi rﬁ‘?ﬁcﬁagﬁﬁ etﬂBdaéi{x%‘u‘Ca‘“ss@ e8! §§gwp'iﬂvvt@§a;\t ot raygl adtlatdr

Addi ti ona r features nmay be ad o the projection surface to

regulate fluid, flow Al ternate. projection sh d features are shown in
i s, -5 dssBmty B 15560 50,835 B it “RiedR JieRRER Tlite SRS FGhE "t he
addition of a I_ab%rinth seal 13& t? t he projectign surfa$ 126. Labyrinth
seal s ar SNEMEWS PRI BB 8¥3aMPI§ PEAGIURIRTS KIPWNNolIeaRE 37 iib’ﬁga‘t” ¥ of
| abyrinth seal can be enployed on projection 129. FIG 5C shows a
st ai r - st @opralled.ojeédt itols sundesgteod othahntheriactuaor shavsba bydissdical®ur f ace
126. Ot her projection shapes and vari ous comnbi nati ons of the shapes and
f eat ur es etegtribaliyy seechdrocallyx amggretically abptheriMises eamtrdlBt asis keowadd i n
conjunction with the stair-stepped projection surface. [0035] The | ower
choke nmenherrtll2 is preferably slidably and sealingly disposed within outer
housing 14. The mating end 128 of the | ower choke menber 112 has a
prefer ably. i nigepsy e LRERG: BBEoAGISABULAIEN HishidCITRibdIer SQ“aI.BHg

g I f hoke nmenber. Matin

abutment with 'mati shoul der 122 of" the upper ¢

shoul der (32 uBhit & alep heuls, £ PRECHP!REAR boflo cbnaueNsgtcpupuard

axi al nmovehen ower e choke i s open

| ower end 130,0f .lLoyer choke.nmenber 2 ,abut . bl asi ass Ly 22, and
speci fi cé‘l%?ﬂ?ﬁéé bst\g’??@ T%%mqie@ég%@%%ﬁ,s ?W%fé‘él“&i"f‘?”pg?i%mggf }rédaﬁn | ower
choke menber 112, forns_ an annul ar ﬁgace for seool assenbly 136. Spool
assenbl y SI9WNs BANEVES OBRE ATENIRBIN TR gan L empiQyashas dasiredo Mandidd seal
142. Alternately, |ower choke nmenber 112 may be stationary with respect to
upper mefdeinchutips piofilegleeyei i ageds|aitachetehergte tbyolatel ringrasserdliousi ng
14. [0036] Upper and | ower choke nenbers 110 and 112 abut at mating

shoul der $412@andk| 5D4aridsieeng S2nmiaghenintegralhaftjronsdablitfaaniool assertidie at
annul ar seal 144. The annular seal is preferably of a hard,

er osi on- eepSdaNhrdprtbiatlly sepafatas Rrefirnsleens 5Zeindlves wsdnligsalbHggréen
carbide, stellite or of alloy. Oher seals, as are known in the art, nay be
used. The,RABH|\AN stFBce 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



144 may seal against liquid and/or gas pressure, as desired. A

har d- surfaced seal, unlike rubber, plastic or other soft seals, is
preferred. [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 bekween the closed position 150 and the
open position 152, seen in FIG 3. The choke assenbly is infinitely
variable, that is hoke nenber 05|t|oned s desi red,. anywhere
bot ween' 1URDS BEHdaWaN 1Y IELE a5885¢s BRancced SREMRPRS engIanar BYfier & 5.
The exenpl ary enbodi nent illustrated can be opened to any position along
st r oke- paudints168 and cH),ewhishdare nrefegabluddﬁfme&thfmdmt@m wilk 4¢i g8 of
annul ar flow port 148 is controlled by adjustnent of the choke nenbers

rel ati ve showpneHadeiutieinleTperts 60ciet fanaydbe bétacked 56 arteydranalicycortirdl
preferably allows projection 128 to fully clear the interior space 158 of

| ower chgke f 68 a%%?eenalﬁ Fpeens. in FIG 3. -13 [0038] Fluid flow from
external area into fluid passage 30 of tool assenbly 10 is controlled

t hrough the i v valLi choke
may be opened%pﬂﬁ@é’%eraﬁ %@GQ@l ar g?%%yé@@gnﬁyﬂhuéréggrg%?gre 3% Lﬁeﬁhe
vvorklng re of vmth ut_da ta the I

slidi ng 'r?oﬁ'%%mb 'Inyﬁi?eaBB'é é&péa%i“’egnd'ﬂ‘ﬁr@@n@aﬁ p98%§ure of
about 1500 pS| WlthOUt damagi ngjthe seal s, [0039 In as |ift and other
oper at i of®UsIng Wa) 4k déRarapison 46 naiattaghrd e QtIRANAE % ea val ve

in a partially open, or cracked-open, position to aIIOM/unIoadlng of the
wel | . Thaippes, puSthsmreferahlyalppludeétbemmg NG (i® @nsle8 0 mdseireusnierential
unnecessary to seal annular seal 144 or conpletely close the valve. In such
a case t kealgpp2r prefatebly H Oeapackingraealt alpper ipistanpés tis argagedewitiposi ti on,
such as seen in Figure 2, by use of hydraulic pressure or a stop, |ock or

ot her novamdrel [50TisUcRgtHERVAKEl endlaiett BEahet pistormemayy IHY Acuitoevent ed
from seal i ng annul ar seal 144. The shoul ders 122 and 124 woul d not need to

seal of f E%g?ﬁfby‘gguﬁ}s\éé'é(% ohamg%(@aa.&b%bb»merggtﬁe%éh&n%ntdae

shoul ders are a jac nt one anot her restricting, but

ROt el 1 gt 8148 FBH 76 BE B PR ARRHRS BB RLERRK Y 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



can be noved towards and into the fully open position, seen in Figure 3, to
allow greater fluid flow [0040] Annular fluid port 148 is preferably

adj acent outer housing fluid port 160, which nay consist of multiple

openi ngs through housing wall 44. The housing ports 160 nay be pl aced
anywhere al ong the housing wall 44,a§9Long as they are in fluid

comuni cation with annul ar port 148, and may vary in size, design and

pl acenent, as desired. - 14 10041] The.tool preferably includes bi asi ng

P senbly Pifratly dnptides ealiizs 8g: taigninsd Mgl S5 Rk choRetensd 155 a

shoul der 164 and abuts the tool housing 14 at shoul der 166. The bias spring
may be ofcomagpengiagigioores A6tingnandrel §8<:h°0§§| displasgmend«af leyer pigtoshown, or
belleville, coil or other springs. The bias spring 132 exerts a seating

| oad on Bovecilitatek eomespenditd 2x&al cisplhecamehtofamantee! S0 and ppetatéd 8o r ermai ns

seal ed when the actuator assenbly exerts little pressure on upper choke

nenber 1ighveFhet dike Adeintbly NQ frdBeinyChsde poBiiba sudas seBAtin WIdEr 2 any

sealing load, such as when in a | ocked closed run-in position, bias spring

132 act s o ¢8haldiea BRAhHosHF0, BantFias  SPr i ng al so takes up any

tol erances i i e choke assenbly. The bias spring 132 may have a defl ection

168 and bi as as desir.ed d k. at t o _nmove | ower chok rrﬁgber 112
| ongi t udi nal | ;‘?WHI " Y @rgﬁpgrtﬁﬁtoﬁeggﬁtbv%f (gﬁeraﬁopg\ftaﬁguaggg 33??'8&% tance.

[ 0042] The upper choke pepber 110 be .oper abl onnected t he act uat or
hssenbl y OREIAIAT SAGHPIGFINEN GREAEHI SESEnHIGkel GSIRMDN Took! fg CRSKEntTy 20,
The seat attachnment subassenbly 170 of the adjustnent assenbly 18 attaches
t o upper Maoke mavaseto an oppnaasktian 152:ias i Fflé 8i af aglesathpasitentisy, 172, as
shown. Ot her neans for attachnment nmay be used as desired. The seat

att achmeas BulldSsdénbbdry anyo positianc{hiarabeivesn, neadingl thé i cladiey infimdtedyeal i ngl y
engaged within the outer housing 14. A sealing assenbly 174, which may

i ncl ude gapaisles 176 and a sealing elenent 178, seals the annul ar space
bet ween the exterior of the seat attachment subassenbly 170 and the

interior wall rg29)f the sbhiIsdisilladémen8f RAMaNErE STRM ccbffplisheRl f erably a

vee- packi ng seal) "as shown, but nmay be any -15
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



sui tabl e. [0043] The adjustnment assenbly 18 further includes an adjustnent
mandrel 180 which is adjustably attached to the seat attachnment subassenbly
170, preferably via a threaded assenbly 182, as shown. The overall length
of the adjustnent assenbly 18 may be sel ected by adjusting the attachnent
of the adjustnent mandrel 180 to the ﬁ?at attachnment subassenbly 170. An
adj ust ment | ocki ng nmechani sm 184 is provi ded, such as the setscrew shown,
to allow the adjustnent assenbly length to be selectively set. Adjustnent
mandr el EBokasnedbend 19anthioyeriripkednenbest! 12nfuheks masabersobdpntocki ng
assenbly 20 includes a retainer ring 190 threadi ngly attached to adj ustnent
mandr el 118Q. afEhgemeraly cglindricay aheoarectisccuniferentdly andhsealbiybisposead,
including lock ring 194 and correspondi ng recess 196, and expander ring 198
i N a ManR@thik daver Housirte14rt. The retainer ring 190 has an inset shoul der
200 that mates wth mandrel shoul der 202. [0045] In use, the choke tool

assenbl v 10 1 30p9aydiochoRYnBRLARCHY YS! bidehiy fsplasid & HEPblkerThe t ool

assenbly is p y part of a tool string ich ncl ude nunerous

hoke t oq| ljes. | I d

ook o oMoy R T ol B30 LA 1HRIRN G P S FIE bHE w0
t ool bl ferab has .a | gcked cl. d = iti 15 h

i FI G 1meYeroRe MERRAE SR on ASBLObE R et g L BEiRe HPR6T RBRRE he
choke assenbly 12 in the seal ed cl osed position 150 during run-in

oper at i ofREMPERBatMaytes for engyesaants & is Windrestaed dhatwithes et ofdhe The

| ocki ng assenbly 20 acts in unison with the biasing assenbly to maintain
t he - thokdokembars maydbesedpuntiedi ofhe uppehend ddkedd thesippeochokae
retainer ring 190 and | ock ring assenbly 192 maintain the choke assenbly 12

in the chosmbdepd$0is ssalingdg kittached ﬂ&édjueﬂpemtaémmm%hsrm@ainlr@rih@ t he
i nner surface 46 of the outer housing wall 44 and the expander ring 198 to

prevent ARBAHR] s& 1180 PrefRvasIg oMY PiRE Heal [ PRE PRy EREKROGLARERFNeY 20 May
be unl ocked, as is known in the art, by hydraulically actuating or

mechani cahbie ‘?ﬂ@ﬁ-@;ieﬁg\ 1t0hﬁﬁé‘%{‘%‘?é’i’eré&%giﬁtf@ﬁ@g-ﬁogﬁébeu%‘éﬁnggsﬁﬂﬁdé}uﬁ %2 ng

upwards to unl oc | oc g asse oul der on mandrel 50

mates wi th shoul der 200 _pn et ai ner,.ring. 199 such t ward force
on the midt ' I%?r ?@Vtgigﬁe\&'gﬁ %e%]ﬁplphbpag@g M&W L@f\%ﬁﬁ?qgw&f’ eby
forcibly ving the loggk ring 194 fromthe recess 196. The | ocki ng assenbly
20 15t WEROKR THRMBRT ddRed UBBET CHGKe T8MbZAd 12 SinaRy IRgds SPBRETed.  The
| ocki ng assenbly may be | ocked cl osed wi thout requiring hydraulic actuator
pr essur e Praieaipid RRtwihiab extend &t |gast ween theupnes ehtkg memnbeed 4048 t o
control the choke

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



assenbly 12. To nove the upper choke nenber 110 towards the open position
152, hydraulic pressure is applied to upper hydraulic chanber 72 of the
actuator assembly 16. Hydraulic pressure is supplied to upper hydraulic
inlet 60 via hydraulic lines (not shown) and then al ong upper hydraulic
passage 64, through upper port 68 and,into upper hydraulic chanber 72. The
hydraul i c pressure acts upon upper pféhén 76 thereby novi ng the mandrel 50
upwar ds. Mandrel 50, which |3 attached to the | ogckin nd dlustnent
assenbl | e@PER HWearean MaasHErd haRarrIREReS, 1VP(53%&§ ?ﬁg PE rrtﬂ/@q fSan
upward direction, toward the open choke position 152. FWdraullc ressure
-17 can bef tﬁppmp@ai chake dewnberd, Theoaiguate siéaceppravidgsothe dasitable abilityany
desired di stance al ong choke path 154 between the cl osed and open positions

150 and 1f2opgn tite theke eired, std tkereftretradoee G/l ptddedtd, dlowhhesstithred
posi tion 150, the upper choke member 110 is seal | ngly engaged with the

| over Chol‘ﬁ%Q? ﬁ'fag%étr% A fgﬁﬁét%ﬁt%%&%%c%a? A% e %reﬂﬁﬁ]l%llgéé’ met al

seal 144. 110 i1s nov upwar I asi ng

csserbly 22 al S (0 (LYBInG Mo ol A nygd%és gl lapper choke

menber 112 WI| tinueto ra por ectl on

di st ance, det.er m ned el ect| the defl e Vi c Once the
upper andan wed Hﬁﬁk@nﬁe%ﬂf‘?‘ef %928ﬁ§%le°Hﬁ(?ed ?ﬁigc{ ﬁectq

di stance 168, continued upward m)verrent by the upper choke nenber 110 wil |
unseat t HE@aHHEsnE2Yh &8l @Q%dl@z taﬂdp@%tﬂ@eﬁéﬁé‘c%r@aﬁ@l@a&ﬁl fatighflaw. £1 ow
port 148 defined by the spaced apart mating shoul ders. (0050] The annul ar

f1 ow portAlierdate pmjsctidrushiapemard featurascargeghowrnn EXESr DAI- Rir E4G28A vi a
fluid port 160, and the fluid passage 30. Fluid flow through the annul ar

port 148 sisownrt bint-edsbyl prejextibhy eFi@vEBEsifowy thdaddftjper ot holkbyrietiber 110
to regulate the fl ow area avail able. [0051] Preferably, the choke end 120 of

the upperggdialeq tBQHEEHro %ﬂoh RGHHEE S 2B AURGFihBsdA arbikaBwAXheRdar ft 0 the
interior space 158 of | ower choke nenber 112. The outer surface of the

proj ectig gﬂ:?a?eq@f %n@ih%(t"?oneﬂgJe%t bi”%bgHantﬁEﬁallgﬁn E‘ .'@7% lipgul ating

surface 1 any desired shape an ave a eatures as

d d. Th f rf h f
desi e Ui ABOPRag! 408 SE oot el R S g1
30. Pref t r ok t t he . k nb 10 t
than the FEhciR SOV 8] BN PLIRSScLAh (et PERISEIR POFPoDEER BSEUS on 152,
the projection 129 does not extend into the interior 148 of the | ower choke

menber 11gempiebons Miethepsearendel fesless May bayusedmoled exémmiar 6l y, or

towards the closed position 150, using the actuator assenbly
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



16. Hydraulic pressure is supplied via hydraulic lines (not shown) to | ower
hydraulic inlet 62, through |ower hydraulic chanber 74. An increase in
hydraul ic pressure within chanber 74 forces | ower hydraulic piston 90
downwar d, thereby noving the mandrel 50 and upper choke nenber 110
downwardly. [0053] By regulating the h¥draulic pressure supplied to upper
and | ower chanber 72 and 74, the uppeﬂ choke nenber 110 may be noved, or
hel d stationary, as desired to any |ocation along path 154, that is, in the
open or cfaeed posiawarnshokeonandber 5912,o0forarsy wine aenila espaeen foCapsetiuent | y,
the choke is infinitely variable and flow through the annular port 148 can
be i nfi ni aedemblgglBat Spoollesembdbi N8 akatihgly dnyogesendiaind 1@ angisick? and

t he design of projection 128 determ ne the flow rate through the annul ar

port 148. L4004 dReskid besl m;z.eimueﬁqlalﬁelﬁh@mra&ﬁ%bmén%@r med hads Vﬁ o

controlling fluid flowwthin the we usi ng the choke assenbly,

i ded Pl . - : I
echan; sre2tRpa YL resheRRyBas: e {0f or ) B8 MELHGHEATATE: ons
etc., may_ be rrcg.ga%otbaqthe egﬁrrpl ary enbodi nent descri bed herein, which

|

changes wWOlLPHP W9 6%one of ordinary skill in the art, and such
changes are -19 contenplated by the principles of the present invention.
Accordi ngly, tI036Hpger sgddewsrictekadsemsrs di G and ¢ teabutat Igatingder st ood
as being given by way of illustration and exanple only, the spirit and
scope of shmilgerssddl angeh?4 darrbimgngnl infinitely sdjustapldyanmeaambekdedt cl ai ns.
CLAIM5S -20 1. A choke tool apparatus for use in a subterranean well

oper abl e amnuanteal 144 .uiTthef srowulbesasieis groferabiyasfi ®haed, élvgidno@sigtant an

axi al passage
material, such as ceramic or metal such as tungsten carbide, stellite or of
alioy. 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 assembiy 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.



within the tool, the choke tool conprising: an outer housing having an
outer housing wall with at |east one flow port therethrough; and a vari abl e
annul ar fl ow area choke di sposed within the outer housing, the variable
annul ar fl ow area choke having a first generally tubular nenber sealingly
di sposed within the outer housing, the,first tubular nmenber having a

shoul der with a sealing surface, a second generally tubular nmenber
slidingly and | ingly .di sposed withjn the outer_ housing, the second
member havi ng @@EEMMW Ry %&P?L@reﬁjiﬁa%‘? fluid passgge 3IQmiitapl nenber
movabl e between a seal ed position wherein the sealing surfaces are in

seal i ng a@ssambly 4his cantiled thuigh be infieitely vatiablesaanulayfiewrnaat é48.ar e
spaced apart. 2. An apparatus as in Caim1l wherein the sealing surfaces
are et al Th@. vaiadppehckaismag be Gpehed lslobvy eagaindte as dalgengiifferehdgles are
ceram c. 4. An apparatus as in Caim1l wherein the second nenber is

i nfinitelpyreadinstighh® tReIWERIhg brestinb & RBACIRNRY WiBsd it MiPage-toAhe
apparatus as in Caim1l wherein the first menber is unitary Wth the outer
housi ng. n ; A% ' ' f '

sl'i di ngl y&a'ézl' wg‘flgs'%}glé@ﬁ%d'?%@k?ﬁ&aﬂn ﬁgf{sfﬂr’\g%.p%%dﬁéagﬁ%tg ér‘tﬁﬁésr ohfal 1 o ai m
6, the first ne r._havwvi an_end nd wherein the first nmenber defines an
i nterior %rﬁﬁﬁléretr%gq%qlﬁ?ﬁSQQODWéWQPhg?W@gg}%t%&SGﬂ% second nenber further
conprises a supstanptially tubular projection extending into the interior
spgge of the 659(93315@ g@s%’liﬁrg@gﬁg?ﬁqupéraﬁons, it may be de%irable to maintain

the variable annular 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.



8. An apparatus as in Claim?7 wherein the projection outer surface is
arcuate. 9. An apparatus as in Caim7 wherein the projection outer surface
defines a flow regul ati ng neans. 10. An apparatus as in 9 wherein the flow
regul ati ng means conprises a conical surtace. 11. An apparatus as in Caim
7, the projection having an end) and erein the projection end and the end
of the first nenber are axially spacéd apart when the second nmenber is in
the open position. 12. An apparatus as in Claim1l further_ conprising a

bi asi ng assenbl8041]13he Agobpisierablis ingdudes & hiasing Asiperdy 22 Bs shawnng
assenbly conprises a spring. 14. An apparatus as in Caim1l2 wherein the
first menblee hias mpvingl $32 akuts lowdr ahake fmembenet 1k at ethoplisrt 1 &h,arand
wherein the biasing assenbly biases the first nenber toward the seal ed

posi ti on. abuts2Beltpol Aousipgatstatishaslder BRI The hbsrspringt Fayf bé $f amgnber is
designed for use downhole fromthe second nmenber. 16. An apparatus as in

o gk bt A a8 VIS PR bopin ot alénd g

surface. n the projection conprises a

means. conpPL3ERkus. oTPHRP IR o2 gl o BT e Eh; ek R 07 e

as i O AATBEFul Thdtoh ORB 13 RERUIR dIG Boer 48 SEMGS peicsbrOeroTRove | he
second mangggto?eg\éggrgb}yheexzstgl ﬁt?lea%?'eéshuereogﬁnugggi téhoorl]{e member 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



21. An apparatus as in Claim20 wherein the actuator assenbly is
hydraul i cally actuated. 22. An apparatus as in Caim1l further conprising a
| ocki ng assenbly for selectively naintaining the second nmenber in the

seal ed position. 23. An apparatus as in C aim 22 wherein the |ocking
assenbly conprises a |ocking ring necgﬁnisn1 24. An apparatus as in Caiml
wherein the axial passage is not concenfric with the outer surface of the

outer housing wall. 25. An apparatus as in Caim1l wherein at |east one
f1 ow portsSyit@blehe outer housing is adjacent to the sealing surfaces when the
second tubul ar nenber is in the seal ed position. -23 26. An apparatus as

in daim1l furf0eds] Toepadjasimerdnassgmblyné8t fuatweeninkcludiesr an ehdjcstrmenty
varying the spatial relationship of the first and second nenbers when in

the open pagttdl a80 wWiichA¥ agiBtdtdy Uitadtted tb BleddBt 2itaohaiedit BubBgsa@dblyst ment
assenbly conprises an adjustnment mandrel threadingly attached to the second

menber. 2870, ArblaibBlyVi#¥ tiRdeRl aURRIAUBS, BRISHERA, | ThélosehiidbhgiFan el !

conpri si ng: subst y tubul ar outer housing having at |eaSt one flow
port thergth X ri,ab r..fd Qu- area. ve di sposed therein.
Do, an apparai@ert bRty BBk R BhRd L AR A TSR o ca
valve is infinitely adjustab 30. An apparatus . as. in Caim 28 wherein the
Vari abl o BRAAUPTRSRIATANBIT M & e (SGAL SRR SERSPETBY 1dBul & menber
sealingly disposed within the outer housing, the first tubular nmenber

havi ng a adigsinant logking smeehanisty 1&drisqyevided, such as the setscrew shown,

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



a second generally tubul ar nmenber slidingly and sealingly disposed within
the outer housing, the second tubul ar nenber having a shoulder with a

seal ing surface, the second nenber novabl e between a seal ed position
wherein the sealing surfaces are in abutnent and an open position wherein
the sealing surfaces are spaced apart.;c. -24 31. An apparatus as in Caim
30 wherein the sealing surtaces are netal. 32. An apparatus as in Caim30
wherein the firs nber is..unitary with the outer housing. 33. An

Appar at usCIRRd [T b PRRLIPE: e foehast Poafioh aherreiaes” fiad 300yl y

di sposed jn the outer housing. 34. An apparatus as in Caim33, the first
menber halPCkgBg asgereli APAgMaintaiit dhe ophaisn@sserdyi i ianthes edesr menber

further conprising a substantially tubular projection extending into the
interior ppsitenof_ockdingntPbtooperates withtrebessad Stemitlee inr@S. suacepiBoat us as
in Caim34, the projection having an outer surface, and wherein the

proj ect i otheodtiter rowsfrar wallsdanndahe. exifandan ringp 98 tol préventimehaien sy, the
proj ection having an outer surface) and wherein the projection outer

surface dgbimn@sward heverRaul ating nmeans. 37. An apparatus as in Caim28
further conprising a biasing assenbly. 38. An apparatus as in C aim 30

momber | 36, Anl ety AP deckifio e 208 SRR e R R bR RERET G

oS Y SRR bl S UBAEl Brodng T BRI S0%: |
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



for selectively |ocking the annul ar valve. 41. An apparatus as in Caim28
further conprising an adjustnent -25 assenbly for selectively adjusting
the annul ar valve. 42. An apparatus as in Claim 28 wherein the annul ar

fl owarea valve is novabl e between a partially open position allow ng sone

fluid flow and an open position allow,pg for greater fluid flow 43. An
apparatus as in Caim28 wherein the VAfi abl e annul ar flow area val ve
includes a first generally tubular nmenber sealingly disposed within the

out er hou@dmge a@pg@@oaﬁidg@r@,apmowm RPeREoie Teemipend ) anydesisd ngl y

di sposed within the outer housing, the second tubular nenber having a

shoul der , distamceeaiond cheidecpatinolabbetweendies ciosear andldpenopesitiposit50on
wherein the shoul ders are adjacent one another and an open position wherein

the shoul gied $521U® tBRAEeGtaRBROke dittancd 1% .hod of controlling fluid flow into
a downhol e tool disposed within a subterranean well, the nethod conprising

the steps of : [poag)RoHd% BLRiohOfbo Rt Ubodr WHAIEDKrABAH 13D ! ow area

choke in a subterranean well, the varia 1 e annul ar ow-area cho capabl e
oo S P b RN SRR 2, e
[l ow ar ccPhdRd R TSR IATEtS 958 e ABAnS AR RRoKes TG BB 1048 wher ei n
the step n%vggeﬁgvtvép y,t Phee Vbailarléiﬁgl aessembly 22 also moves the lower choke
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,



-26 annul ar flow area choke further conprises noving a first generally
tubul ar nmenber with respect to a second generally tubular nenber between a
cl osed position wherein the tubular nenbers are in sealing end-to-end

abut rent and an open position. 47. A nethod as in Caim44 wherein the step
of operating the variable annul ar flg%a}rea choke further conprises noving
a first generally tubular nenber with ' respect to a second generally tubular
menber betvveu([m a t;%arhi al ly open @oshtion al l owi_ng r s}ri cted fluid fl ow and
an open pGEYF'ER. NEs!OX 0.8 HOW BASRARS wer &1TRIGTABIVE ithet Streisul ar
menber is in sliding and sealing engagenent with the interior of the
downhol e distancesth6 af ther ehrkeamemberi dilnis MBeales tleam thenlengde oh prajettiorar
menber is in sliding and sealing engagenent with the interior of the
downhol e 12®lsuchOthay mktthedfudsopen @oasitiond 352héneiprojeciost 20 afoespastt i ng
the variable annul ar flow area choke further conprises noving a first

gener al | yextehdligto thenierion 48 of éspRMertchoRe TR6PDEr a¢peral |y tubul ar nenber
bet ween a cl osed position wherein the tubular nmenbers are in sealing

end-to-end abufr(gyty@? and qﬂﬁgm&psﬂd@n. bt mﬁ@ogrlgigi% Clgb g pO

wherein the fi ubul ar Is in sliding and se engagenent with

the step Spvalardiror QPR g Bleeddmufol TECERBR P s furtthmrsraBSbhoke,
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comprl SI NG tracic linfot %62, Ratagh Mlower Tadragic chamber 3. Aot ase e
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



55. A nethod as in 45 further conprising the step of operably attaching a

bi asi ng assenbly to the annul ar choke. 56. A nethod as in 44 further
conprising the step of |ocking the annular choke in a closed position. 57.
A method as in 45 further conprising the step of |ocking the annul ar choke
in a closed position 1
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an outer housing having an outer housing wall with at least one

flow port therethrough; and

a variable annular flow-area choke 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 member having a shoulder with

a sealing surface,

the second tubular 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.

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 second member 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
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8. An apparatus as in Claim 7 wherein the projection outer surface
is arcuate.

9. An apparatus as in Claim 7 wherein the projection outer surface
defines a flow regulating means.

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

11. An apparatus as in Claim 7, the projection having an end, and
wherein the projection end and the end of the first member are axially spaced
apart when the second member is in the open position.

12. An apparatus as in Claim 1 further comprising a biasing assembly.

13. An apparatus as in Claim 12 wherein the biasing assembly
comprises a spring.

14. An apparatus as in Claim 12 wherein the first member is movable
toward and away from the sealed position, and wherein the biasing assembly

biases the first member toward the sealed position.
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17. An apparatus as in Claim 7 wherein the projection comprises a
labyrinthian seal.

18. An apparatus as in 9 wherein the flow regulating means comprises
a labyrinthian seal.

19. An apparatus as in 18 wherein the flow regulating means
comprises a stair-stepped surface.

20. An apparatus as in Claim 1 further comprising an actuator
assembly operable to move the second 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 second 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 second tubular

member is in the sealed position.
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comprises an adjustment mandrel threadingly attached to the second
member.
28. A fluid flow control apparatus for use in a subterranean well
comprising:
a substantially tubular outer housing having at least one flow
port therethrough; and
a variable annular flow-area valve disposed therein.
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 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,
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.
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32. An apparatus as in Claim 30 wherein the first member is unitary
with the outer housing.

33. An apparatus as in Claim 30 wherein the first tubular member is
slidingly disposed in the outer housing.

34. An apparatus as in Claim 33, the first member having an end
defining an interior space therein, and second member further comprising a
substantially tubular projection extending into the interior space of the end of
the first tubular member.

35. An apparatus as in Claim 34, the projection having an outer

surface, and
wherein the projection outer surface is arcuate.

36. An apparatus as in Claim 34, the projection having an outer
surface, and wherein the projection outer surface defines a flow regulating
means.

37. An apparatus as in Claim 28 further comprising a biasing assembly.

38. An apparatus as in Claim 30 wherein the first member is designed
for use downhole from the second member.

39. An apparatus as in Claim 28 further comprising an actuator
assembly operable to actuate the annular valve.

40. An apparatus as in Claim 28 further comprising a locking assembly
for selectively locking the annular valve.

41. An apparatus as in Claim 28 further comprising an adjustment
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open position allowing for greater fluid flow.
43. An apparatus as in Claim 28 wherein the variable annuiar flow-area
valve includes a first generally tubular member sealingly disposed within the
outer housing,
a second generally tubular member slidingly and sealingly
disposed within the outer housing, the second tubular member having a
shoulder,
the second member movable between a partially open position
wherein the shoulders are adjacent one another and an open position wherein
the shoulders are spaced apart.
44. 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; and
selectively operating the variable annular flow-area choke,
thereby regulating fluid flow into the downhole tool.
45. A method as in Claim 44 wherein the variable annular flow-area
choke is

infinitely variable.

46. A method as in Claim 44 wherein the step of operating the variable
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an open position.

47. A method as in Claim 44 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.

48. A method as in Claim 46 wherein the first tubular member is in

sliding
and sealing engagement with the interior of the downhole tool.

49. A method as in Claim 48 wherein the second tubular member is in
sliding and sealing engagement with the interior of the downhole tool.

50. A method as in Claim 45 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.

51. A method as in Claim 50 wherein the first tubular member is in
sliding and sealing engagement with the interior of the downhole
tool.

52. A method as in 44 further comprising the step of operably

attaching an actuator assembly to the annular choke.

53. A method as in 44 further comprising the step of operably attaching
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a biasing assembly to the annular choke.
56. A method as in 44 further comprising the step of locking the
annular choke in a closed position.

57. A method as in 45 further comprising the step of locking the

annular choke in a closed position



