WO 2009/ 040518PCT/ GB2008/ 003228 CHOKE ASSEMBLY The present invention
relates to a choke assenbly, in particular to a choke assenbly having a

pl ug and cage type arrangenent, and to the use of the choke 5assenbly in
the processing of fluid streans. The present invention further relates to a
wel ' head as¥eastopsastpri sing the choke assenbly, in parrdmesass/@insbsea
wel | head assenbly. The present invention further provides a nethod of
operating a choke assenbly and for controlling the pressure of a fluid
stream 10Choke assenblies are well known and wi dely used in an extensive
range of fluid processing applications. One particular application of
chokes assemblies is in the proc%@@ﬁﬁ@%“ﬁw d streans produced from
subterranean oil and gas wells, in particul ar in installations associated
with the vvellhea The q[ Iegfu ctiog hoke assen‘ol)‘lsto control
the pressure and f?%\?ﬂs%{{g@"ﬁq Fﬁ ates Wiarhg %@?sr?ﬁ’byhinaﬁﬁﬁ”*i‘stf’ g&%enmbly. This
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pressure or tail th ,ipre ﬁ{e of the stream

downst r eam ﬁ?‘%@@&? r&f{ﬂ FoBHngthe pregswe At i Mgt assenbl y conpri ses a
so-cal led 'plug and cage' arrangenent. This assenbly has a cage, typlcally
cylindrijgal in f es or ertur
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20 stream to meet downstream processing requirements.

One common choke assembly comprises a so-called ‘plug and cage'
arrangement. This assembly has a cage, typically cylindrical in form, comprising a
plurality of holes or apertures therethrough for the passage of fluid. A plug, again

25 generally cylindrical in form, is provided so as to be moveable with respect to the
cage, the plug being disposed to be moveable to cover or close the apertures in the
cage. The plug may be moved with respect to the cage between a closed position,
in which all the apertures in the cage are covered, thus preventing fluid from flowing
through the choke assembly, and a fully open position, in which all the apertures in

30 the cage are open and available for fluid flow. Moving the plug with respect to the
cage from the closed to the fully open position progressively uncovers the apertures
in the cage, thus increasing the cross-sectional area available for fluid flow. In this
way, the flow rate and pressure of the fluid may be varied and controlled: In the
closed positio_n, the end sealing portion of the plug contacts a seat formed in the



WO 2009/ 040518PCT/ GB2008/ 003228 2 choke assenbly, so as to provide a
fluid-tight seal, preventing the passage of fluid past the plug and cage.
The plug may be arranged coaxially within the cage or coaxially exterior of
the cage, known in the art as an external sleeve. 5US 2007/0095411

di scl oses avoaswngsssi ng wel | choke. The choke, descri bed/Gsotssi081s
conventional, has a cage outer sleeve and a_ ,cage inner sleeve, both
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noveabl e within the inner sleeve. The figures of US 2007/0095411 show t he
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20the fluid, flowate and pressure | ein rlty of the
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t he flow of%ﬁﬁﬁ%@%%&%r%ﬁre Vﬁséﬁ%%g?% ﬂP%s 985 P‘f"ﬂ‘és diVYEr PREeFItg” er odes

t he surf acedeghowpentestriveg oithe distlibutive of &gempertdtBs broupateicays aeeveshe f1 uid
stream acts to erode and cut into the sealing end portion of the plug.

Erosion of the sealing end portion of the plug reduces the effectiveness of
the plug in seaquqée”ct'ﬁ%a’&B‘éﬁeﬁﬂﬁ"é@?“ywaﬂ%@Ph:-'éﬁjé/ of apertwienthrapglitherrgge.he
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to conti nuecd‘r,!,&mdanggnJﬁ,@ %@e&&f%irfe .position. In a case of long termand
persistent erosion, tne cho e assenmply "can be rendered entirely inoperative

in preventing or control ling the flow rate and pressure of the fluid
stream WO 200@MEHAspeT6dBRRORE BASE7S of the choke assembly in controlling

20 the fluid flowrate and pressure is dependent upon the integrity of the seal between
the plug and the cage and the seal between the end of the plug and the seat in the
closed position. A particular problem exists with the aforementioned conventional
design of piug and cage choke assembly, in that the flow of fluids through the
apertures past the end of the plug erodes the surfaces of both the plug and the cage.

25 In particular, the fluid stream acts to erode and cut into the sealing end portion of the
plug. Erosion of the sealing end portion of the plug reduces the effectiveness of the
plug in sealing the apertures in the cage, in turn reducing the efficacy of the choke in
controlfing fluid flow and pressure. In addition, the erosion of the sealing end portion
of the plug reduces the efficiency of the seal between the end portion and the seaft of

30 the plug when in the closed position. This in turn results in the choke assembly
allowing fluid to continue flowing when in the closed position. in a case of long term
and persistent erosion, the choke assembly can be rendered entirely inoperative in
preventing or controlling the flow rate and pressure of the fluid stream.



3 It wll be further appreciated that the rate and extent of erosion
w || depend upon the flowate and conposition of the fluid stream being
handl ed. Fluid streans containing significant anounts of entrained solids
will give rise to a very high rate of erosion of the both the plug and the
cage, very weapmoghasmeduci ng the efficiency of Soperati ecraisbismonzboke
assenbly. A choke assenbly in which significant erosion has taken pl ace
will require servicing and/or réplacement. This is preferably avoided in
any fluid processing installation. However, the servicing of choke
assenblies is a particular problemin 10 the case of processi ng
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20 The great depths at which the wellhead mstaliahons are deployed make access for

servicing and maintenance very difficult. This is a particular problem with subsea

choke assemblies, as the fiuid streams produced from subterranean wells generally

comprise substantially amounts of entrained formation solids, such as sand and

gravel, together with debris that may be generated as a result of drilling and other
25  downhole operations.

It will therefore be appreciated that there is a need for choke assemblies, in

particular those to be installed in subsea locations, to have a high resistance to fluid
erosion.
30
One approach taken in the art to reduce the erosion of piug and cage
assemblies in chokes is to form the components exposed to the fluid stream from
erosion resistant materials, for example tungsten. Examples of chokes incorporating
such technology are known in the art and are commercially available, for example ex.



5energy, velocity and turbul ence of the fluid stream are dissipated and
controlled within the confines of the trim avoiding erosion damage to the
pressure containi ng boundaries of the choke assenbly. For applications
involving fluids with significant entrained solids, it is comon 10practice
in the art wo2doan4ssssar i ous conponents of the choke asseadiigs2hosansosmt eri al s
havi ng a high resistance to erosion, in particular those conponents on
which the fluid streamis likely to inpinge during operation. Thus, the

af orenenti oned comerci al ly avail abl e Thokes have critical conponents
formed fromtungsten carbide. This material is expensive and particularly
di fficult tOGamaohiVvilisandkdiibomolandsioncesiptbntoadterdbls] SechpkessabEoy smali- as may be
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i ntended to nove the seating face , that 1s the end surface
of the P ugCIRHICBRNIS: FUERES HaY bheguireddeimenoky astenbie | ow passage through the
choke and seals the plug against the seat, away fromthe main flow path,
such that the fluid.is directed qonto the speciall esi gned sacrifici al
areas of the chc}llg"gg%tt 239 qulgwgﬁoﬁ'?vpﬁgr E’Eé?s's,&ﬂiﬁeg? BHEs ar r angenent
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choke déki ghsYaRianpRlEdring a vaiehs phapertipnse (f thereds a likpliseqdf sichon t he
critical compegentisngfind thegstdnodege asy e8lLiyourdad bPpasitdrenttaal, shéh 4/ ug and t he
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to the present Thvent Bﬁeye'wﬁt@& fep g“pﬁfgé%\ﬁe%rlggﬁyagng%%'gg”@%%ﬁﬁﬁwo%eg%ri si ng:

a choke elenment having a fluid fl ow passage therethrough, the choke el enent

15conpri sing: iy addition, the chokes comprise a sacrificial plug nose disposed on the end

25  of the plug. The plug nose is impacted by the fiuid stream during normal operation,
instead of other critical components, such as the sealing surfaces of the plug. In use,
the sacrificial plug nose is eroded by the aggressive fluid stream, in place of the more
sensitive sealing components. While the provision of such a feature may prolong the
lifetime of the choke, erosion will nevertheless occur, leading to the eventual faiture

30 of the choke, requiring it to be replaced and/or serviced.

Finally, the chokes are provided with a so-called ‘dead band', allowing the
stern of the choke assembly to travel between 5 and 10% before any significant flow
can pass through the choke. This arrangement is intended to move the seating face



a cage having a plurality of apertures therethrough for the passage of
fluid; and a plug noveable with respect to the cage, the plug having an end
surface that in use defines a boundary of the fluid fl ow passage through

t he choke and bei ng 20noveabl e to open or close each of the apertures

t hrough t have29®9406%8 t hereby control the flow of fl ui drchrea2gis/003228 cage;
wherein the apertures in the cage are disposed in a first and second
portion of the cage, each of the first. and second portions having a | east
one aperture therein, the first and second portions being separated by a

| and; 25whereby the plug may be positioned with its end surface disposed to
i ntersect tah#hel piygdthabis firecgndisugadd ofdhe plvaiwkicic bruge gefines arboundancof thhat each

aperture i SiolabageReBugh thd Bhdk ol 9888k Qg ahbiane Sat, C]EMV%/ISI GomltRe t he choke

assenbly of the present invention, the cagé i's provide th_a 30 plurality
of aper t ur d8aREYEPRIPRYCH tgk BefKis iptirectiriont thagrasiesdesiared sarficidpened or
ﬂ osgd by Ws@ﬁﬁemﬁa&mémb@,rﬁma@fheltdaee.pA?@., thidasargemend sog t he flgw of

uid thro .t he.choke to be controll.ed. The .apertures ar rranged into
two. or - rhor Aot Fifd et ferte gl HreBlni B ob et PR b B i o 1 <
adj acent pdeadingrin tyyn te dreaiah of teathoks campuoetts and eventuabfat@ge Wit h no apertures

permtting fluid flow The plug may be 6 positioned such that its end face
intersects the | and_between adjacent portions of the cage with apertures.

In this way, ealfRCosfeely.disse s aedhierrantigpioyetheione desigmibateensedinef | ui d or
fully cl osegosiB)fBe\of Mgd bkean®ysh th@efticall cobipBnditd & tiRDSok asehbACoss a | and
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elimnates the erosion of the plug, in particular the sealing surfaces of

the plug, by the.t] i LS Ve ' [ |y significant
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di sposed W t hi natchékelthdhont hividy H118& Béw BksBFPPEiciREligh, thB@hilelgerhent di sposed
coaxially wthin the cage. This preferred arrangenment is particularly

advant ageo8™PHM%duci ng the erosion of the sealing surfaces of the plug
when handl i ng selagk ltayimgad plumaiify bl apeduss tresetsroudbfbhibe plhsspgantiludge are
noveabl e | q,p,gi tudinally with respect to one another. Mst preferably, the
cage is fixed and the plug is noveable in relation to the cage, to

sel ectivel y cov@pPlugmayfiaele with rseed fo s cade ferniysr ryingae epd gwifacedato control

the flow ofin fidettiefindsh B3i@Bart; lbethe MOKE oA REIHRE Yhrough the choke and being

20  moveable to open or close each of the épertures through the cage, to thereby control

the flow of fluid through the cage;
wherein the apertures in the cage are disposed in a first and second portion

of the cage, each of the first and second portions having a least one aperture therein,
the first and second portions being separated by a land;

25 whereby the plug may be positioned with its end surface disposed to intersect
the land between the first and second portions, such that each aperture is fully open
or fully closed to the flow of fluid.

In the choke assembly of the present invention, the cage is provided with a
30 plurality of apertures extending therethrough, which may be selectively opened or
closed by appropriate positioning of the piug, thus allowing the flow of fluid through
the choke to be controlled. The apertures are arranged into two or more portions of
the cage, each portion being separated from its adjacent portion by a land, thatis a
portion of the cage with no apertures permitting fluid flow. The plug may be



20The plug and cage nmay be noved with respect to one another by any

sui tabl e actuator. Suitable actuators for plug and cage choke assenblies

are well known in the art and are conmercially available. The plug is

novable with respect to the cage, such that each aperture in the 25cage may

be open, t e 20080pamstially or wholly uncovered by the plargsB008/003206ed, t hat

is covered by the plug. The plug has an end surface that extends across the

cage. Wien the plug is in a position with respect to the cage that one or

nore apertures are open, the end surf&ce of the pl ug provides a boundary

for a fluid flow path extending fromthe inlet of the choke assenbly,
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as is well known in the art. As not ed, the apertures are arranged
into dilﬁcrete p tlorlls of th arated by a land, that is a portion
of the cage in WA &R ﬁBssfﬂébyt’U?y "alﬂl RJSPPRedMitiRn tae Pg.uitE ar e present .
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ci rcul opem thro h the cage. Preferably, the apertures
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Particul ar Mpsqcprabmbryemeap@“smeesarﬂnee plag lsangehiRe in Miatibh fohse &dgdes of the

r feCE ﬁngg: 3§e19&?€£\% @&/eqbﬁﬂ'%§f@% oﬂgé%k ap% ur sg%a?écitj.l?rgcgg cog?roi? ;#03\1 ‘ﬁgdi :ur face

al i gned w g‘ﬁd f%‘é‘%‘l%ﬁ&@’%? a%i?@bbpenl ng. Th| s .20ensures that, as the end
surface of the plug passes across an aperture, the size of

20 The plug and cage may be moved with respect to one another by any suitable
actuator. Suitable actuators for plug and cage choke assemblies are well known in
the art and are commercially available.

The plug is movable with respect to the cage, such that each aperture in the
25 cage may be open, that is partially or wholly uncovered by the plug, or closed, that is
covered by the piug. The plug has an end surface that extends across the cage.
When the plug is in a position with respect to the cage that one or more apertures are
open, the end surface of the plug provides a boundary for a fluid flow path extending
from the inlet of the choke assembly, through the open apertures in the cage to the
30 outlet of the choke assembly. The end surface may act to seal the choke by
contacting a seat in the choke assembly, when the choke is in the closed mode, with
the plug covering all the apertures in the cage and preventing fluid flow through the
choke. The end surface of the plug may be any suitable shape or configuration. It is
preferred that the end surface is flat, preferably extending perpendicular to the wali or



t he opening available for fluid flowis readily determ ned and controlled
by the position of the plug. In addition, the use of rectangul ar apertures
reduces the rate at which the end surface of the plug is eroded by the
fluid flow ng through the aperture when fully or partially open. 25

As noted, tWwe:z@pessisres are di stributed between at | easCTieRz0gBI0I22ONS Of
the cage, with the two portions separated by a portion of the cage w thout
apertures therethrough, herein referred to as a 'land'. Each portion
conprises at |east one aperture. The gorti ons of the cage with apertures

t her et hrough are arranged such 30that the plug may be positioned relative
to the cagevalispidhe eaggtand sharsidggpwalt armealls of the plugr Thapliy mep be faomed with y ¢l osed.
I n parti culgadhoulbidi@xi@hififly bewBes sl ARG RM GG iHASud i SHlRGuRY the end surface
of the plug extends across the land of the cage. In this way, the fluid
flowi ng through the open apertures is not caused to flow or cut across the

edge of the endTsupligsanast picheati) tiGulal iictos-Bedtidh o lcBEHERAS wath akhydri nat es t he
t endency Ofofgimgarm i%-% %%%%O%BPCH%@%O%N 3228 8 fluid flow to erode the
edge of "t he BR SUFTACESSPerRE: B G LAY 8% ¥he body of the plug itself.

The presence of the |and between adjacent portions of the cage with 5

aper tures  her eARhAUG PR 8Srd lfa kB pbiibh GREDEREC! hoOD 1 g

area, that is an area exten clirc erentrall'y aroun €' cage in which
it is possiSBREAEREYR BRABA:T A BB P the sadgrib Wbk RO BRerbiks dlewingthe apert ur es.
This in tufiowpf N a6 prdsbet. ahgep¥tdrss mefibd dredhgbd mldngROkdbid ghtchewier y region
of a C%VGQL&O& lonc‘?r?enét hg{ i$ vgl{ggr%b’}‘e t o, danage. | ndpartl cular, this
provi des t Rew cage it AP AEY ERRRYMPUS8 PRFIMESS B° BEP I Baged, in
particul ar ekteading sirsumfepgntinlyearounictoe caye, eitt ezwch mew coropristhgnmker mates on t he
surface of sblgneAqRust bibrchshd QPR BFnoRAdR30 Bf mBREALLONA! design to be
e Inmpact of Ta sol'i

cracked and shattered by t rge particles entrained in
the fluid stream Typically, such a cage will fail by the propagation of

cracks around ti £aa6res niayWelRae R bR Por QMRS heldpartaRgr tures. This
ef fect 1' s reduced and the g‘_{eﬁj sihanc%t of the ge% e increased by the

provi si 'f-)n MY PR &R SP YN gS RS HBR &rafohthcagre SE TP MV ER BPYHIES "t he sol i d,
unbr oken | hangsstrpighiminias disghoserperaljpbiottheersl sutfhde clrer dluly. eRartiduearigt hr ough. I n
one prefer LAGHIR j .opns of the cage
20 with apg_{%?et?r%gsa the%%%}%?%%g ukﬁ%ﬂ?ﬁ%&%%ﬁ%@#@@{%gé%@ end surface of
the plug neliyPesed paialig! &yanst orthogenal Wribeend wifrehel tiriplbg eltthis way.ythepen

aper t ur es, edde dshelendisQAaREf B Afidne@ iwith kHél fhes|PiMetpetihg OHtgh the open
adj acegé apertu cage nm ave two portions
rta

o) o PRSI Bl B AL i Doabyh anss ST LS &
the opening available for fluid flow is readily determined and controlled by the
position of the plug. In addition, the use of rectangular apertures reduces the rate at
which the end surface of the plug is eroded by the fluid flowing through the aperture
‘ when fully or partially open.
25
As noted, the apertures are distributed between at [east two portions of the
cage, with the two portions separated by a portion of the cage without apertures
therethrough, herein referred to as a ‘land’. Each portion comprises at least one
aperture. The portions of the cage with apertures therethrough are arranged such
30  thatthe plug may be positioned relative to the cage, such that each aperture is either
fully open or fully closed. In particular, the plug is positioned such that the edge of
the end surface of the plug extends across the land of the cage. In this way, the
fluid flowing through the open apertures is not caused to flow or cut across the edge
of the end surface of the plug. This in turn reduces or eliminates the tendency of the



25 |l and as descri bed above. Alternatively, the cage may conprise three or
nore portions with apertures therethrough, with sonme, or nost preferably
all, of the adjacent portions being separated by a | and. The apertures nmay
be arranged in any desired or suitable pattern within their 30respective
portion of wheoea®sis | n one preferred arrangenent, the BETEGRA9SN0T2S
apertures of one portion are offset fromthe aperture or apertures in the
adj acent portion, to provide a staggersed pattern of the apertures in the

| ongi tudi nal direction. This offset or” staggered pattern further increases
the strength of the cage, inproving WO 2009/040518PCT/ GB2008/ 003228 9
resi stance 4 ﬂ%ta@foqegwqgam@@e@@msmquf thel riug aswiteresderibeibedytafithehe 1 ui d
st ream whenpligitdefe. Each portion of the cage with apertures therein my
have one or a plurality of 5Sapertures therethrough. If a plurality of
apertures are present in a portion, they are preferably di sposed evenly
around the circuleeresace o thet laed isgesn adaceniditionh® oBAS dadge wdthuni form f 1 ui d

fl ow patd er ! C en _the apertures are open.
The port% on egtp ,re%) ﬁ%p%ﬁéfgggﬁm&%a%ggﬂzﬁee§thtara11g&g‘te\ég]a5'{f§f1h°r?ﬂyngﬁ3(?@‘ &'ﬂ% sane
nunber of dpéanelpaestending cigiufrfereriially arawhsbthe cage inddtichitonpessibtette drawnber  of

apertures 1QpfiRReslindsinBidkerdbyV&Ha P Hord brdfes! His G p%h&eﬁhgﬁébse' ons of the
apertures mé}ﬂe}} SO vargr/ﬁ.(jJ The ‘cage may conprise apertures of the same size,
that is pre¥BrRAMinRal SEeAItLIp Hissveberepion php catvertiang! qage tat iswubieraplede d

t her et hr ouglamaibt v paaticulg ithls prolideoipe chyl ®ith aicregsedirédiqamiito béingi ze bot h

W thin gi rtj f e and between rtions.. 151 n one preferred
arr ange@ent%@%gagﬁ %Equgaerg%%}gﬁgfﬂgtp%gn;@'c{a?fﬁggg%%f?@p gﬁ%{@éﬂngﬁ e for the
flow of fl Hufa¢anftheacags. [bisorpmensifordages of dohesnitiom desigh todle oetickett i on al ong
the cage. |ghaRfbfdrédbathe inhﬁaci_Sflé?%@&ﬁiﬁrp‘éﬁicieg%htréiﬁé% iRﬂ{etflugﬁgrggmt he cage with
apertures therethrough that 1s the first to be uncovere y the plug as the
pl ug noves FPEAIM% freharaeg Wil faislydth Bopagasian horasie amyed tieordoi on has t he

| owest fl uidtclimevénas eaemint ddibednand adrtured0 ThRRRfBAIY deBlied@hd tee cage to be
uncover open_posit.i.on hgéeét e greatest

s .t.he pl moves to the fully.
fluid fi Owarg?%tgr.lceﬂflg'%ﬁzlag%pwgrsegfgﬁebyﬁa? P@Y¥’8H M the £FRY Ffssdho ®nal area of
t he aper t urfsgsenhipvenoraciinaesadid, umprokan landg betiveemanjdment @mitbnewitsi ze of t he
apertures if-ackagRRinB@ht i ons of the cage. 25The apertures in the cage may
extend through the cage wall perpendicular to the inner and outer surface.
Thus, in the case of a cylindrical cage, the apertures will extend radially

t hr ough t he cager; vl drefeéd @rra{jn@%m! the |aa1d;emyeg_aajraeér§ baﬂﬂbrst ofEﬂEca%BEr tures
ext en t an,angle t the r 1al.or out I I rectl on the choke cage.
In thi sﬁr esvﬁtgcatp,g”'%{e? @F'@B@% % %ufq%e@tléﬁ/g\é?{#he BT YT i s to be
under st ood bgdocated at a distance from the adjacent fully open apertures, so as to reduce the

impact of fluid flowing through the open adjacent apertures on the body of the plug.

The cage may have two portions with apertures therethrough, separated by a
25  land as described above. Alternatively, the cage may comprise three or more
portions with apertures therethrough, with some, or most preferably all, of the
adjacent portions being separated by a land.

The apertures may be arranged in any desired or suitable pattern within their
30  respective portion of the cage. In one preferred arrangement, the aperture or
apertures of one portion are offset from the aperture or apertures in the adjacent
portion, to provide a staggered pattern of the apertures in the longitudinal direction.
This offset or staggered pattern further increases the strength of the cage, improving -



30 requiring the apertures to extend at an angle to the radial direction
within a plane perpendicular to the |ongitudinal axis of the cage. Thus,
when the cage is viewed longitudinally, the apertures extend through the
cage perpendicular to the radial direction. Wth the choke assenbly
arranged t ovthaoomodobs pl ug and cage di sposed with their Pcorgaz00s@pazed axes
vertical, the angled apertures will extend at an angle to 10 the radi al
direction horizontally and will be perpendicular to the radial direction
vertically. The apertures may all ext énd at the sane angl e or,
alternatively, the angles of the apertures may differ. It is preferred t hat
al | the apdgiitianes tumnertiram grogaelippartidesentainethwith tigdiuhetrean vaenirhe sane
angle. Al &be apertures . in the cage may 5extend through the wall of the
cage at the sane angle. In a particularly preferred arrangenent, the
apertures .extend tangentially to the inner wall of the cage. In this way,
the fluid fl ow Egcrtﬂrcrrunmgﬂtrltehegamfﬁ hpﬁr@ﬁesltMran&rﬁh@ Hald erﬁé &a Quralitgﬁf cage
gener at es eld_c tern wt is

pr ef errgd Pé%géeﬁeg'% g §Iﬂdrlfs? sglLﬁgygr?e ?%ar&eqr%ﬁef‘{ ‘B@Ipc?V\/O”a%ey are
oper at i on, Pfaies alply dliSI@IDS@ﬁ iegeny arounsithe hioduederemcead theraabe,cnl oider forenswrduced
through an aialién flud ﬂoﬂ?pa@t@%ﬁroﬁ&l?@lm%ﬁﬁoﬁgftﬂ@ nﬁé”%h%%h&%}ﬂhﬁ%eié&end' ng

around the outside of the ug and cage asse e assenbly

in the ful |°99fb|U?é>8ftL98§Pfttr'%ﬁaget\W@ E}?Pﬁgfer ﬁrerqyrrpb;grera%ww%m respect to

t he catget hmmhertdﬂerla@mbt hssdrrafoa‘féeer@humw IIHétﬂ:tbﬁtoltﬁéﬂuﬁrﬁéﬁof\t&bérghr@é“dt aeal eﬂ .
agai nst; n.this pos ertures_extendin roug e
cage are cg\r/%g@d” AN 'Vﬁnd’é’g@ {}'F gepﬂlfgd'm?’rﬁfé'g %\‘?é‘ﬁ??‘ﬂ@s fnlamalagfromflovm ng
» to the out Vay. dhe cdge rc&voiompaes_mﬂnﬂusesomashmeplzaghatsfs preverd thvil damer espect to
the cage I ERELo%om 9RET BRTo P g {He?etrﬁ%rﬁ%tgﬁw%ﬁve gelfpeplidg 1o rmoved

away fromits seat sur ace 0 asse € first portion
of the cagé‘%b?ﬁ"ﬁﬁ?&b'@rstzﬁrb@g‘ W'W&%@'Wnﬂ{fﬁ‘e capea@crrb@yeeneoram@ned and
fluid is allowed to flow through the cage to the outlet of the choke

of “the Bl ug wi th FRBpRT Ao b e e g PRGOS P over e the

fully openawgb!elfanmeﬂommféardrlncgeasesrblegrssMelyapﬁretIunmdraale:lrrecttmvered and the
- i f

Cr 0SS- Sect bgRdlneTpea mmhlcaQ 71 Breftdind he BULDGHASER wifopliSRs

posi tionin 0 con

t hr ough thg‘e@%'?ﬂzléghég%*é%rewst tOH@ lmcarfr¢%bvdhep!esabrrye RYaseyasiwm tsech that the
end surf acmrrpéloéqu:oaulnbtﬂtoaxé EpuhHoRmbPRSS the lodast ARt nMRedted Wy REiREGNt portions
of theg vvrlt_th ap ture bherethr dX\h n. thi osition, the edge of
the end’ sufF&O8BY @6‘? ﬁaeg‘%? %ui’%""ﬁﬁg agi}ﬁ ‘@d“?‘@sﬂ%@eiﬂg’tqpﬁ@p%t@”er odi ng
action of béethe peatest ufiangarehr Suegirograssieperistionés thefcrdshsectivgel.arskhe
apertures jina rf(r?é% rhd)bePchicld lga)ﬁ\}’a%mq/thgiwwﬁﬁér a?lﬁ/o?grgggﬁﬁgg%ér&réshe

circunferential direction 1n rec1e apertures 1 n adjacent rows.
Thi s resul PSIaEHPPREREPIHEA ons of the plug being exposed to-the fluid
fl owi ng through the apertures as the plug is noved relative to the cage

and trayverses t.& ows ¢ rgi Thlﬁ Erev ts the wear due to
fluid & osion f &ﬁpsre*ﬁ”ﬁ?g'“ B?r‘&aegr‘?t %Yt hrg ¢ iRGFRENGEUEHR pl ug and
di stri but ethetiiner aboutarcudas. tThes, ernmercesescofraf@me!rroél chipe the argrtuted wilur n

pr ol ongi nge ki nr%@?lfﬂﬂr'of?&?‘!he cb%eewg[ Altgﬁngﬁvelign{rcjj Hropn&efgl:a%i [red embodi ment  of

t he choke asse he "a S Bhe hﬁ apertures
5t her et hr oﬁf@ﬁﬁt“?ﬁe%@ddab%n%ﬂglesteéhe rtaﬁ!a'tOrphevamcﬁlredwhaxféremokm@gpl g is at a

di stance f{h@Mespect, a reference to the apertures being at an angle is to be understood as
30  requiring the apertures to extend at an angle to the radial direction within a plane
perpendicular to the longitudinal axis of the cage. Thus, when the cage is viewed
longitudinally, the apertures extend through the cage perpendicular to the radial
direction. With the choke assembly arranged to have the plug and cage disposed
with their longitudinal axes vertical, the angied aper{dres will extend at an angle to



the fluid stream passing through the adjacent open aperture or apertures.
In this way, the erosive effect of the fluid streamis further reduced, as
descri bed above. As noted, in operation, the plug is noved relative to the
cage, in order to 10control the flow of fluid through the choke assenbly.
To achi eve Whe@9/04088 choke assenbly conprises an act uatRSIT/GE2008(90828Nd
position the plug with respect to the cage. The actuator may be of any

sui t abl e desi gn and confi guration. Su'@\:bl e actuators are well known in the
art and are conmercially avail abl e. ver, it is a feature of the choke
assenbly of the Ior esent invention that a programmabl e actuator 15assenbly
may be enplls/adial diestioachonazenallyiapd pilldgrrsrendictlier tp d radlieldinettionpl ug accor di ng

to data or veAshiyUgh Qﬁﬁuiré’scrﬁéw&l%xfe%%fﬁ‘ub@gmteféﬁ?{&%‘éltérh&%! Ohethe Tluid
flow. The actuator to nove gny sui tabl e

regi ne. For"“”%‘?ﬁﬁﬁl‘%ap‘%’w&esﬁ?%}’g‘? y'*ﬁeprﬁ%(f%‘?ﬁlt“ﬁ'?%iﬁf‘%a?%“ﬁs W 2 9D to a
second posipbition ohihe @agedXddrart tmlslameqaglst aﬂflltthé?@w{dreshmth@f&ﬁgé)h@fr erred

t { fi t
e e e eehl e ABh 3R & J( e’ BB SR TS b . PG ey P8 f
nmovemnment ofaﬂ’armen]!ﬁlnn@e apeduries galehdtapgerpieib to tigp itiee wath vEthe nageofinthie pl ug to
the second “%?sth&hmftak.n&ﬁé@wﬂ%o?'ﬁ 3 ureé‘?nt@{h'é%ﬂg%rgftﬁﬁuéiee& s second

position of i S nost one I n surface of the
pl ug extend%fa%{@r%ggl'caf ﬂ°&’rRFﬁB@tW@EHh%18?9§cérﬁts Pﬁ%fﬁrtr%ﬁ@ne?m?rﬁés cage with
apertures 2stiaeethersdbtail bbbs. regi me for noving the plug relative to the
cage |§ advant ageous in reduci ng high shock | oads on the assenbly, due to
rapid cRanges in the inertia of  fluid through the choke and i nproves
accuracy of t helnfdperatiomnibe fhlid stteaowib g chokeld me cortroled is introfludedéhrblighi d f1 ow t o

be_achi evedn ilisib Bnddd'dodrily BSlrParRliEY iy LG40k (7Y SR bf om hunti ng,

agai n inmproving the accuraci/ con general, it
i s advant adEerl4g el caap PEspive ViR Bhake gesaret bindhe gty Qiq?ﬁ?ré@oaé%nbl i es.

Progr anmabhe ;ﬂ@d |Hﬁl|l9éﬁteﬁdddwhtr@@e&rt6%%5a§e aith the BV UrRcdbs tﬁé@ué luid stream

tob t t t /1l
byt e PunceRiga AERReAE ST HE ATt HBERGHO P ELPoRRSS RS to move
the plug IRoudhdbhdcagapirdtovemdcind closedibyethy ping) thuspreventindnfiuippfroness har dwar e
to be d 1 fl oat

o be desi tﬁ{j\gﬂg t?(ﬂﬂe GRS Lf tH&Fﬁ&e%é%%%eth? hf&b & RN i tﬁ?%?\gdr:t C}Qtl‘l LSS 11 0a

or fluctua erance volume, a e“separation ware to be
mor e conpa&ege Bme G ispgPesion, the padhayass Bf—:‘b? Pg i fﬁ@Veﬂra@@é fremitsvent i on,

there is piexMi A8thedend surface of the plug passes the first portion of the cage with

20  apertures therethrough, the apertures are opened and fluid is allowed to flow through
the cage to the outlet of the choke assembly. The extent of fluid flow is controlled by
appropriate positioning of the plug with respect to the cage. As the plug is moved
towards the fully open position, increasing numbers of apertures are uncovered and
the cross-sectional area available for fluid flow increases.

25

When positioning the piug with respect to the cage to control the flow. of fluid

through the choke assembly, the plug is preferably positioned such that the end
surface of the plug extends across a land between two adjacent portions of the cage
with apertures therethrough. When in this position, the edge of the end surface of

30  the plug is not exposed to the cutting and eroding action of the fluid flowing through
the apertures of the cage. The apertures in a given row are preferably offset or
staggered in the circumferential direction in relation to the apertures in adjacent rows.
This resulis in different portions of the plug being exposed to the fluid flowing through
the apertures, as the plug is moved relative to the cage and traverses the rows of



met hod of controlling the flow of a fluid, the nethod conprising: _
passing the fluid through one or nore apertures in a cage, the cage having
a plurality of portions having apertures therethrough for fluid flow,

adj acent portions of the cage being separated by a | and having no apertures
for fluid Moewoe/esst hr ough; 10positioning a plug w th rcrgpeess/ovn2g he cage
to selectively close sone, but not all, of the apertures in the cage;
wherein the plug has an end face defiring a boundary of the fluid flow
passage through the cage,.the plug be hg positioned with the end face of
the plug extending across a |and between adjacent portions of the cage. 15
The pr esentaPpitvent ThimpraENhbe weaedentd fled efosiot fombedfy cancatrpledire choke

assenbly. Ipuditatgiond ofthd é!u&?&adacli?s%tﬁnféés%g%&gé%Foée Bt dusdl ks gl T angerment

of the cage, of the choke assenbly na rovi as a separate conponent,

for exanpl &40l B EqNIngthg prerryoral lifee thetnlygy larne prefryred cbrRéMaB enbl i es of

convent i onaafthde:ﬁbl@rasrs;f)r?bly,fthe cageAas Medid lér_xfapo&ihﬁi Wtf@§|%ﬁr|#')e:snve?h I on fg grt her
rovi deg a sse or u in a uid c e assenbl e ca

gsserrbl 3%; cé%%ﬁ??%’b?pacegapam Sucazhaégﬁee”ﬁe?\'ﬁf?@ 92?'1?%‘@ Rt f ,d%{aﬁ%e e wal |

havi ng a plherfaiid stseamfpapsing ihonugh trecciacpatiobe apdrave orgapertaresr lfnrm‘f]e apertures

t her et hro”%y.ftﬂf erfoEN%gﬂefc't Bthe MRE LRl a@‘ﬂ!@ﬁﬁ%& %?ggég e{a]és%@edgﬁbmt;e_? cage are

separated by a |and having no apertures ere ~descri bed _
her ei nbef ore, one enbodi mrent of the choke assenbly conprises a cage having

aﬁert ures, prefgs a.ftbav, ik e@r@tr@auh@bilugga%é%?_egaﬁv%% g{eecbgggt.f Eﬁjl@g@rlyt he wal | of
e . e r I a I rec ., I
:5301(:a aﬁggﬁt ?%?'ﬁ&l &gg'f"ﬁé}ﬁ%%gfougﬁﬂ'fef@gk%?ssﬁ'ﬁblyc5@@?’“% thig. BpFhekeabl e to the
chokes assemmblmorrmﬁsespmmmor'tcmematérmrposiaorcmg@idlgamhrrgsp&pab&w es W th hkt his u
i nd cage type choke
Rsonbl 1 ao 0¥ e St RUTBELr i BN 3 brrBL it IO ERRS. Y0P lhe
present i nfEHMPERIHVBIINGws imthe A lead assuomveycidtymyailablendiowever, itis @ cage

conpr i si ngfaatba BRh&BHdke BSIENMY & tHe et ihYerbn ARES bFUgFa?nrhgﬁ{ %&J;Ht&“gh for the
f1ow OflS A gés%hb}yhrgaya&eern%#gy%a ?ﬁé chgalltgr% E)r%%rjn%]edttg%osit?c?nethgvap!ug tangentially
to the
according to data or instructions received regarding the conditions of the fluid flow.
The actuator may be programmed to move the plug in any suitable regime. For
example, the plug may be moved from a first position to a second position at a
substantially constant speed. In one preferred arrangement, the actuator is
20  programmed to move the plug from a first position at an initial slow speed, thereafter
increasing the speed of movement of the plug, and finally completing the movement
of the plug to the second position at a slow speed. As already discussed, the second
position of the plug is most preferably one in which the end surface of the plug
extends across a land between adjacent portions of the cage with apertures
25  therethrough. This regime for moving the plug relative to the cage is advantageous
in reducing high shock loads on the assembly, due to rapid changes in the inertia of
fluid through the choke and improves accuracy of the flow control allowing a finer
control of the fluid flow to be achieved. This in turn can help prevent the control
system from hunting, again improving the accuracy of the fluid control.
30
In general, it is advantageous to employ programmable actuators for choke
assemblies. Programmable actuators allow the pressure and flowrate of the fluid
stream to be continuously controlled and adjusted, ensuring that the pressure/flow
system functions accurately within the design limits. An actuator to move the plug



5i nner surface of the cage wall. The apertures through the cage wall
are nost preferably rectangular in cross -section. In this respect, the
rectangul ar apertures are preferred to forman annular or toroidal band of
fluid flowng within the cage, as described hereinafter. Alternative 10
shapes of apertspestsay be enpl oyed, although the formatiCGEH08/085228 def i ned
annul ar bands of fluid may be | ess. The rectangul ar apertures nmay have any
suitabl e aspect ratio, in the range of .from1:1 to 1:10, nore preferably to
1: 5. The apertures are nost preferabl Jzarranged in one or nore bands or
rows 15extending circunferentially around the cage. Modst preferably, the
cage conpr i 3R rapidy andaceyrgtelyfwilsgfioly thaiprgsesshardwage totiesieaipned andes i n adj acent

bands or r Omsﬁ&ye&ﬂth&hgrﬁﬂﬁﬁer&%cteb aRNRItIRSS MRE or fRILaRSBRRe O‘flgﬁgr ag ly
S

of fset. Ad] a}f:ent bands ar ﬁ%\éys are gref erabl separated by a

her ei nbef or%"HE‘gé'?W@afa 't Wﬁrﬁé‘é B'Hf?r‘i"%’é at | east one band or row of
apertures, with the band or row having at | east one aperture therei n. More
preferably, the r. ertures for

exanpl ebé may cor%?t:}g’gwoémﬂpgpégpg&t%gﬁetpﬁ%?@ ”E)Vgoéoé}‘ g%ﬁ/‘sipfodlfﬂe?\ﬁo to eight
apertures. MeBoGefeenigiing thefownel adfuid iefreetieont cosiprieisg: t hat is, of different
cr oss- sect onal pasisine HURNSloh drk of FioRd SEAETH 4 Bt HBSaGPRAKYPS 25W thin

t he band or fa .sane cross-sectional area.” I n on g‘pprer*;é rred
enbodi nent , p"frﬁ'éy 8&5’8‘086 syingsapertyrestharefiough for fluidifow. Indiagent pertiopsefl of

ape][t ures, t;zwtdsgetaemgrsupdnaredcw ab@rdevig nb@p@ndr@srrgrﬂuﬁuﬂdvpmb?eéﬁr&:gw hrmr e |
preferagly from ment rre at the tota
Cross- sgictl onal pgsr'ﬁe%réza@%%w@g eﬁ%‘%ﬁ)gﬂb R 795 tp ﬁ@eggﬁg E\%F‘P'H%Ibé't]’f’?fr f1uid
flow is greth@ithasnerulehdn Beosge sectional area of the bore of the eage.

Al ternatively, Wﬂ@reﬁ&h@blu@ﬁ’nﬁ@aﬁ%é@@e @Qﬁnrn%lért%ﬁn&d?y bitfie fiddRogval | abl e for

fluid fl ow mag/ he same as or | ess Cross-sect| ona? area of the
i nner passdjé WS’?{PWWtH%C%@e plU_EAPemg positipnedyyithdhe end faeetfdhe Pludie cage from

unnecessar iddentiag bérosd a REd boebh aajaddht pdrtidrd of (he@ugd the choke when the
choke al%senbly is fully open, it is preferred that the total area of the
apertures available for the flow of fluid is greater than the

cross-sect i onal The pgsetft invhetion/has deémdestritel! it feems biokeonadate oldkeg. 5 In

th nbi ned
T AR, AR e U MRS B AR £ o
3

apertures (99 Hdheehpke apRembhdralps provw YRSPEraih eeRANERlgor exammiat i onal

choke asserfinuse s repaliiportréftiny xB8hy, ehekrthssambiied br ddagertbopiy debigh! ui d by a
virtue pf the cage providing a physical 10 barrier to the flow of fluid,

thus increasing the pressure drop of the fluid forced to flow through the
cage. Varying t Recordngly. ther pressntipeerition alrther mevid's 4 tegeapeerthly s utdinough t he

cage avai | aftlud dvake dddembly O Ghod dodbflor Borhbifafhgvar i es the pressure drop and
allows the flowto be control . i pate the energy of the fluid flow

the cage havi ng?5%¢5 h&”@ﬂmﬁ%mﬁﬁ%ﬁr%ﬂt@ﬁé@"|h§v'%@aluwtvcﬁfp@@pn%emmr ality of
jets of fl wodio hé\mngtdire cﬁ&fﬁé@péﬁﬁur@shlﬁ’er@tﬂ@ﬁghﬂe’éﬂ@d’%»@%ﬁéﬁﬁnh@h@en@f fluid to

col i deQ’S Sf&g% t%ehgagyapé gep%% e ! Ssllal%ﬂ t%alxv?r% r;[oha%egures %rethrougl;h

As described hereinbefore, oﬁe embodiment of the choke assembly
comprises a cage having apertures, preferably rectangular apertures, extending
through the wall of the cage at an angle to the radial direction, more particutarly

30  tangentially to the inner surface of the cage. While applicable to the chokes
assembiy of the present invention, a cage having apertures with this arrangement
provides a number of advantages for plug and cage type choke assemblies in
general.



fluid stream In addition, the choke assenbly of the |atter aspect of
the present invention provides a hydraulic throttling of the fluid flow, as
foll ows. When the choke assenbly 20is in an open position, fluid is caused
to flow through the apertures in the cage towards the interior of the cage
assenbl y. A¥02000/889648t of the form of the apertures, thedeh2808803288m

passi ng through a given aperture is caused to flow circunferentially al ong
the interior wall of the cage in a ciﬁul‘ar pattern. In this way, the fluid
flowing along the interior wall fromohe aperture is caused to flow across
the adj acent 25aperture in the direction of fluid flow Wth the apertures
arranged i n ban@scadinglpisa Bustherfaspectdbe ereisbridnventine Hrovides asahokes i ng t hr ough
one apert UrRsdmblf &rsREding0 fl ow across the inner opening of the adjacent
aperture in the row This cross-flow of fluid presents a barrier to fluid
entering the cag&¥hrMRGANe ﬁé’a%T’%JUg’Pﬂ”an‘?é‘l"?UY@fapPHU@ﬁt‘@*’eﬂﬂrﬁégh Rt erior of
the cage, fihafiov effitiels tha gpdrives satitendipg thragy thel tayenmdittaslievedIly td fAg Cr oss-

30f | owi By fAnlé g.frf]acgpﬂthé o rqlul ar path. This change in direction and change
of rmrrentumo enerat es a back pressure or pressure drop on the
fluid. Fluid entering the cage as described is allowed to | eave the cage

t hrough the cen and pass to
he outl et of t s aprufeSnaadt, ﬁag%"%ﬁ5’%%?%%@%@%%%%%5528 15 The
action of rREFIPT-UINdNF rFRRghevectanaulenrpettuigs apsrrefraed iodran amamulsyi de a

resi stance of rdided barddrGH Abling it RS ¢438, dsfRs6RBE hefifaRECTAIBMal® as

" hydr ayl,i ¢ oki herei n and 13 4C ri_sed or t roid-Iike
annul aﬁbpat EQ Egppﬂj[? "Bayfn‘f SorRIgyed Q&"’H&}@ﬁlf B"é{cﬂféﬂeﬁﬁﬁ "t?ﬂﬁ‘ﬂ”‘f He inner
surf ace of btall’m of flgd mayihe igses iMse eentegular dpegureh cwy@favéédywudamémmgh an
aperture byadshf tﬁé’faﬂ?é b193nPs:1 %:W@#ﬁr@hre% gluid circulating within

n 0 e aper

the cage across the ner openi ng ure is a first form of
hydraul i c choking. As discussed above, the cage of the coke assenbly may

tc?]rrprlh se a si n%me a,{éhanad af%!rgéﬂ‘ﬁre‘?éra@ arrarsgea% odébrw@fba%oﬁﬁgowsoper?tlt on -of
e C e i.s, _characteris n (0] ul circulatin
et 18 b Rt A Rl SR odiothe Pk BBl edeesaneRE RGN Che

t angent i al puEitytafisesh mnds draaws. nﬁwetamedugh it énaceetiands opraws age bdef i ned by t he
annul ar fl 'a'hd%i\eﬁlmﬂﬂ’oﬁ@%o%é? blf‘ﬁre%érg gpé Eﬁ& a&gx&vnt biMas GPRNE %gse”b' y may

conprise a cage havin pl urali ertures. Each such band
i s prefer aBloFraply 8arg %W%*aﬁ%rﬁgéﬁﬁ'wpf%@spm@s and, in operation, wll
establish a ci rcuI ating annul ar band of fluid WI thin the cage ext endi ng

across.the i nne eni ngs. of ape es W t he d d. The
oper at ? n of su gﬁgragnses a least oRe[) or row o ape ures, mﬁwatlhe ba cp
row havung at least one aperture therein. More preferably, the band or row

comprises two or more apertures and, for example, may comprise from two to ten,
more preferably from two to eight apertures. The apertures may be of different sizes,
that is, of different cross-sectional areas. However, it is preferred that the apertures
25  within the band or row have the same cross-sectional area. In one preferred
embodiment, the cage comprises a plurality of such bands or rows of apertures, with

the number of bands or rows ranging from 2 to 20, more preferably from 2 to 12.

in one embodiment, it is preferred that the total cross-sectional area of the
30 apertures in the cage available for fluid flow is greater than the cross-sectional area
of the bore of the cage. Alternatively, the total area 6f the apertures in the cage
available for fluid flow may the same as or less than the cross-sectional area of the
inner passage within the cage.



assenbly is characterised by a plurality of annular fluid bands within the
cage each being supplied with fluid fromthe apertures of the respective
row of apertures in the 20cage. The bands are established in a 'stacked'
pattern extending in the downstreamdirection within the cage. In this
pattern, tveotdogp4adsfsr om an upstream annul ar band i s causEdcR2008d0z8 t hr ough
the opening within the adjacent downstream band and the bands thereafter.
In this respect, the openings within each annul ar band of fluid acts as a
hydraulic orifice for the flow of fluld from annul ar bands upstream As the
25di aneter of the hydraulic orifice is less than the i'nternal dianeter of
the cage, the hyerderd o prayentithe eageriow uhescessgilpestictingtse Sownteid o the fl ow
of T1uid ThHABLUPRECRAE.HIANS R BB AL A o OB, Brb8fbd thatfi€ total
cross-sectional area of downstream’f roma given annular fluid
band wi || dEgeefdbagreRtuteravailzhisder tae ﬂ%wrf@tdrl@arﬁﬁ@nmnéhe ff“Pﬁ?rFGCWﬁHs As the
nunber of deynsrtieRia AROGINS BXkeasRebit he cross- 30sectional area available
for the _fluid to | eave the cage is decreased. Thus, the downstream annul ar
fluid bands act to provi de a resistance to, that is choke, the flow of
fluid fromthe impster therchtiend shis pspaut of ihagnantacapedatéurdend combinedul i ¢ choki ng
W thin the r ds

est abl i she 68%85%1’ ﬁﬁ@ﬁw%kmg érQhrotthngoof éh-ggﬁldr}l'é% thr%LgﬂﬂP%k;%furr{gsgﬂb

posi tion ofthecaseggd ﬁW@dlc\mtﬂﬁng@'ﬁb@&&ngt @Oﬂmh@r@ééhokmésthgs amce;age may be
of largely t@ﬂ&%?é Qrsaﬁéond@ﬁhcgﬂbw &f@fahﬁra \nrﬁfenﬁmescagé Bm%.dmgeaf sHySiesl

arrangfcalgg F ggﬁé Pfl %e assenbly is as %Jt before descrl bed in
5connect’i o r?amef}?t fEORY ”i‘def 3 d15ERapRg W?%”f?r‘g%% the Ay fargegio flow The

si ze, and ttrlﬂusgrtthecagisI\Mrﬁnig:thelta)alfchswwmohalmmmtmnu@swb@dh@y a given
annul ar Q:g%% gvaqgt\ﬂg E %Motflﬂﬁd? va%'%% re?: Qre andOJlEo\thf?:F?lg\%rt ures

within the rel evan rowo e Cageé. tures o he apertures
may t hus béo bd gondrellest: tTeddissinats e rogrgy Oﬂthe@;ed]écwathe crage having ®plemalitgd t hat t he

total crosgy §ﬁ‘é‘rﬁ1ké%ﬁ@hse%ﬁ§@nr&ft atpilf?anﬁpcﬁ été’&feféud' u'i’to@her @Htr@ of figkdyd,n the cage

i ncreases in fream di recti his increase in
cr oss- dect |°85‘15A‘I‘9 tﬁ?@és pdlyidde CBW?VP'EF@&“%V‘eé'uﬂlaﬁﬂé‘lss'ﬁﬁtﬂP@éPe grerapeititir es and/ or

apertures dbidatrkanger cross-sectional area within the band or row 15In a
further aspect, the present invention provides a method of controlling the
flow of a fluid, the nethod conprising: providing a fluid control
zone havi ng a finaddition|the chdke@ssambineféte laperaspeat obthe peesemtunvgniéan | et ;

suppl yi ng %rJvﬁdéb@ r&&fagwhroftth% dfmeefhmafw EélfoﬂoM‘tWhéMefchéHecbsG@rﬂw0' Zone,
20est abl i shing an annul ar uid attern with the fluid control zone,

in whicf pdt ’f’é‘f‘ﬁp?’? B‘i"ﬂ"’i”sf"’dda'ﬁ%kbﬁefjéf’ﬁ Braugh s ?Peﬁweaﬁht{l? &79% egi on, such
t hat f1l ui dwwdrdm uneﬁr’mauoaartué aage‘a\s@wnﬂgt A€k Resul otk S@ch df thef dpevturagr oss t he

openi ng of r Rhouides res | ow of
fluid thr ou W?UI'(L h\’%{gg é) ?UL?F% % SR & 8’9&3' & uaendntéfﬂg\g ¥ ?J&S'IBP ﬁa” pattern
defines a Iayvdgénﬂ Inf@nwaﬂhowewagmnra ¢itgelapsftien. dn &nmwasoltheszlmlsﬂwngough whi ch

fluid is cayngehdiftefibuitidm SrVpehthie if dikeh ol Llos HSadjacent

25  aperture in the direction of fluid flow. With the apertures arranged in bands or rows
as afore-described, the fluid entering through one aperture is forced to flow across
the inher opening of the adjacent aperture in the row. This cross-flow of fluid
presents a barrier to fluid entering the cage through the adjacent aperture. To enter
the interior of the cage, fluid entering the adjacent aperture must divert the cross-

30  flowing fluid from its circular path. This change in direction and change of momentum
of the fluid generates a back pressure or pressure drop on the fluid. Fluid emtering
the cage as described is allowed to leave the cage through the centre of the band or
annulus of circulating fluid, and pass to the outlet of the choke assembly.



through the fluid outlet. The annular fluid flow pattern may be
established by providing a fluid inlet aperture that is at an angle to the
general direction of fluid floww thin the fluid control 30zone fromthe
fluid inlet to the fluid outlet. That is, the aperture extends at angle to
t he radi al wibemeniosrs of the cage in a plane perpendi culrT/dR2068/083228

| ongi tudi nal axis of the cage, as hereinbefore described. The aperture is
preferably arranged at a tangent to the fluid control zone. The annul ar
fluid flow pattern nmay be established Lusi ng a single aperture, nobst
preferably an aperture extending tangentially to the fluid control 17
zone. As nenti ohtEckcibovighe fitid flawingiivithin fHeudiade B toavchike teprovids apr ef er abl y
establ i She%sﬁé%n'agtﬁhghbwﬁ{ﬂl.ﬁ&'er{?érm?w %ﬁé’fe%refgn%g?é%dhgf at&ﬁtg(ﬂ} around the

fluid cont roI zone enteri T;?% zone
t hr ough on er&weﬂﬂfim@ar@fe@a%@bﬁ banckar dmioid ke aruias patiarn ﬁb‘lup?aftwwnnwthi n the

annul ar reglc%ulé?fpafté}ﬁ af‘dqu ﬂneqﬁ]"ibfr%@lfacé%ﬂ@xe%ﬂ tﬂ1e rlaé?é’t’aﬁf%%%sﬂoﬁrrtﬁ openi ng of
the ape tui g ose ﬁ& %gl recti oP | o escri be

her ei nbaf of &9 " r?EﬁF?S'H” Y Wﬂﬁt'g'@eaé‘taé‘ﬁl"'?%?ﬁnﬁé’f5“'%F’FF¢"3€”91nnul ar fluid
flow patt ewﬂhlwl}temage titress thelintlecapehing lof the @ertUvd &ta Pstadmt siblydrauliche met hod
conpri ses lishing a plurality of annular fluid flow patterns within

the fluid contrfol 10 zone and arranged along the flowpath in the fluid
control zone between the fluid inlet and the fluid outlet. To achieve this,

the net hod pr efﬂ@éﬂuﬁsﬁﬂ%@ﬁh@c@w %'cbwe é’sfsembly haRdsmpfisd 4 dhdle | NI €t

apertuig th eacth nore apertures, as herei nbefore
descri b2d. ? eorﬁ%ﬁeﬁpeﬁwe%n’l’i‘lﬂ“ﬁ? aF? Bp?rFt&ﬂi%ﬁ’PtcéP'f?s‘s ReaFaBerise8 RY r ol | ed
usi ng a coasingle anmﬂérﬂ:‘andbﬂfﬁm:bdumummdwmﬁsme@hgdﬁtﬁdm‘rof(é witel figiant r ol zone to

f)(rala? 2 Ir \égl %/.I’ ra qﬁ@c%th8k® e@gxﬁ lﬁf"%g gleaglﬁgﬁ?ﬁqgﬁ%%%engage of naac hoke
assenbl y, Pﬁrﬁéa@ﬂﬂ?fb*?d bmtlheanml-ll%‘tﬂuarfbwtnaﬁw éxakndisngssethebaghthehe wal | of the
cage. The gREaMNeniWRTRS cdnﬁan@é Efcﬁémv)ﬁg%rﬂ)’r!alg)‘?gf I}%Mdéofp‘; HRuAaDVEah € with

respec to 2 he cage tO sel ecti vel open and cl ose apertures ext endi ng
t hr ough® t hR&'SR&PNY §PTeerae agggngedwrthfaﬂﬁﬁ@l@éﬂ@ﬁ{@fﬁ&smcgpe%anrw-sit hod of the

present i nestatfiisioa cirdmlatlhgiaMﬁltarOHﬁd efspaomlﬁnﬁmyc@ dmdmg@cr@@@meol the flow of
fluids in r e fl 5streans

ment i oned ﬂgér}gllp%l"n goar}é aE{FﬁHS'%r eéﬂé' W H%? aperalian; 56'1’%5\‘31 Efu tabl e for
t he pr oces&isagblyfis haractrisect la/aarnluraml@f amuldr flgjd ibarsds vithinabe cageaacobi nat i on
thereof, wididy ﬁiﬁbl‘e@'vﬂt‘ﬁqwﬁl(?llo'rrﬂﬁe apbifurdy &5%36&“%%%%%&1&&% fful arly

advant ggeous en %g’ to the processi ng reanms produced from
subt ertane@i®o P g S@%es\}@"?réed 'ﬁ'ﬁét%Fb%Pa {18 egeNdingin Shedumstreaent i on i s
suf fi ci entduyectlmlrmmrtthambeefnﬁ thesi ;ﬁm‘ém?:%matd fio'tn atrSun@&éérh ﬁtﬁh@éﬂbﬁn@w table for

use in subgsa%g%q B%I}nﬁftljlrgﬁ%%%%pe%%c wnﬁmdt %3‘3%‘9}? i nshal I nd the |ike,

for the contr Ul PRAMS ?lng
oper at i on.bangds tgeaafer dmthlamepmbmeomeams witpraeathiesnafr hzahnd opﬂmms i nvention

as a hydraulic orifice for the flow of fluid from annuiar bands upstream. As the

25  diameter of the hydraulic orifice is less than the internal diameter of the cage, the
hydraulic orifice provides a greater resistance to the flow of fluid from upstream
annuiar bands than the cage itself. The cross-sectional area of the downstream flow
path from a given annular fluid band will depend upon the number of downstream
annular fluid bands. As the number of downstream bands increases, the cross-

30  sectional area available for the fluid to leave the cage is decreased. Thus, the
downstream annular fluid bands act to provide a resistance to, that is choke, the flow

of fluid from the upstream bands, providing a second form of hydraulic choking within
the choke assembly.



subject the fluid streamto | ess shear forces than conventional or known
choke assenblies. This is particularly advantageous in the processing of
mul ti phase liquid 18 streans, whether or not with entrained solids and
gas. The reduced shear in the liquid streamin turn acts to naintain the
separ at i on Vo 2qobred0pisases in the nul ti phase liquid. |n patGroisani22g n t he
case of streans conprising oil and water, such as produced by subterranean
wel I's, the high shear applied to the | iquid stream by 5known appar at us
results in the oil and water phases bé8oni ng highly di spersed, even to the
extent of formng a stable or quasi-stable enul sion. The separation of such
a liquid streamlhatwmbesofianoliian bdodd estdtlistes withintthe cageahyinglofdrationl t, as i s
often requi e demMcaBH R YRR SEFHLARMOLL REPRYSS B the gér%mﬁe.we' | and

return water underground'by reinjection. 10 cotrd [y, in a further
aspect , theol'}fﬁ%’Ede??geW@ﬁﬁ@@eﬂrcﬁwed‘&@aéﬁeﬁ'%t‘amﬁ‘&ﬁSB‘ﬂ?tS-dFl at he processing
of fluid stgrefaned grargoment, iy pignbcedd AREOAPY WRAd herdifbepste Wbsiibéd in@ subsea

i nstall atio h C(gn%rltsh\r%%] g choke aétﬁ%nblg as herei nbefore described. The

i nstal | ati off "HEy B NGERIREaT S SERB PIPsetdvepian i ¢ enbodi ments of t he

met hod and apparatus of the present invention will now be further

descri bed, by 3 i . L he acconpanyi ng

dr avi ngs, |1 n”whi SRS =3RRI RLen G i SRR, bBuAE LSRR ke

assenbl y; annular baod g geveme by Hiersidel eumbar 98¢ shapetof theaperireswitfin thechoke

assenbl y aasevdht Behd ¢ reWn 6f REBAH. MR Yeddlired BRNPESHRMAs hdMAIN hePN; 25Fi gure 3
is acr SS-SE%%I onal ,vie t he choke cage of the cage
|

of a portion of )
assenbl Y of*FC§l ragcofd'gﬁ%x"ﬁﬁ”%{a@gfseﬁr?fe%?d PALhe [ cragsepdieee! Rreg i h;
Fi gur es 4a thoapktuessen 8 ravser-tmed i1 the adgeVin@ydset i the ghsticas draation veage of the
choke asse f R . [ s | Lon A ction Section C,
Section 30%&é ééaeggt FE%%%&%' égﬁl?sgtﬁ@a' éfé%%gf??bagg??d by g%'gtherll'?u res 5 and 6
are di agr arfrBR§rirescandos aparivrasa addrodriciise-settionalpaea withinsthaibahd or rolie choke
cage of the choke assenbly of Figure 2, with the plug in a first position

and secnd positio espectively; 19
cl% P ¥n a {'thﬂer spect, the ppésent invention provides a method of controlling the

flow of a fluid, the method comprising:

providing a fiuid control zone having a fluid inlet with an inlet aperture and a
fluid outlet;
supplying a fiuid through the inlet aperture into the fluid control zone;

20 establishing an annular fluid flow pattern within the fluid contro! zone, in which
pattern fluid is caused to circulate in an annular region, such that fluid within the
annular flow pattern is caused to flow across the opening of the inlet aperture and
provides a resistance to the flow of fluid through the inlet aperture;

wherein the annular fluid flow pattern defines a hydraulic orifice within the

25 fluid controt zone through which fluid is caused to flow to leave the fiuid control zone

through the fiuid outlet.

The annular fluid flow pattern may be established by providing a fluid inlet
aperture that is at an angle to the general direction of fluid flow within the fluid control
30 zone from the fluid infet to the fluid outlet. That is, the aperture extends at angle to
the radial direction of the cage in a plane perpendicular to the longitudinal axis of the
cage, as hereinbefore described. The aperture is preferably arranged at a tangent to
the fluid controf zone. The annular fluid flow pattern may be established using a .

single aperture, most preferably an aperture extending tangentially to the fluid control



Figures 7a and 7b are perspective views of a cage assenbly for use with the
choke assenblies of Figure 2; S5Figure 8 is a side view of the cage assenbly
of Figure 7a; Figure 9 is a plan sectional view of the cage assenbly
of Figure 8 along the line I X-1X; 10Figure 10 is a cross-sectional view of
t he cage assentwys06f8 Figure 8 along the line X-X; and PCT/GB20#8/0giee 11 is a
series of cross-sectional views of the bands of apertures of the cage of
Figure 8, as -used to construct the dagz in the Table. 15 Ref erri ng
to Figure 1, there is shown a choke asSenbly, generally indicated - as 2.
The choke assenbly 2 is |largely of conventional design and conprising a
choke body ZNRad$ Mgntipnge abevel the appularnilyid flow patierokepretzuabinestabiisheded t her ei n.

A fluid 20i @irgta pﬂurhlﬂy eré?%l'tdr%gdlsﬁosteh% 8 b&RI Pduralife ﬁh@!ﬁ&nﬂe%%e‘lm thgr m nati ng

in a flange co conventional design and provi des a passage for

fluid to ent®r H‘P‘i’\%”tgrl‘ﬂ?@e ﬁ%i@F?‘VOBZ"f”F(y?FP%QH %’F@P%‘l‘“rﬂisr‘@eﬁ?ddﬁ ﬂ°‘<’i§‘ #ndi cated by
arrow A in dicgating phtterA vithiitice enula@tegiod of hefflucodiesl zore drfdigo @bwke body 4,

i ange Coupttrg ERReRha Y bE ARG, drhRSR B el Red 1 Ul 0 out Pet 12

25provi des a passage for fluid |eaving the choke caV|ty 6, as indicated by

the arrow B in. 'i's%léé&:béd hér Bﬁb&f@r@kﬁemmé& A{oH{pP; 1HRTRRd SSMg@ Choke

el enent general i ndi cated as 20, of ype, di sposed

coaxi al |y VA"PHRS dr@"‘tﬂ’?@ﬁ@ Vet the figgd C%rc\'/\%qﬂle Hg’sﬂégf@fﬁbg’eﬁ‘elnﬂﬁ”ﬁﬁﬁ e detail
hereafter. odmpasdsuatablishitgsesiiralty 8ParinglarMidicdpRmshatheaksuibesho? and

t I t 3020, b
ot bt o s BApE S Rbed ond PRATIHIN i el il S ERE D U U B8 he choke
cavity 6 araadd@pdiusinuget Jormehiepuihist thetnirshasipodferably empitys 2@luraiityt éfe .choke body.

Sui tabl e agkHal fnyaTaTRLIGES, %tﬁg%%%\%d%% T Car%era%@AaaQée In the

art. The left hand ke asse inthe fully
cl osed posiMeriverahiqseriiate Tth@H'F‘bﬁa?ﬁGn@I'ﬁélu’éfﬂo‘t‘-'WéﬁﬁFm@)Ui‘laéb% ﬁ@wtsv"@che choke

assenbly insinga cf:htl*dlweﬁib@ﬂmbflﬁbtelvﬂm respect to the fiRf ®hfrbiRend @ JeleBte® 2, there
is sho a det ai t according to the present

i nvention, 088?13?4‘5 t{‘%a?e&feéc?? §'Vf6§ C{mnw_n be understood that the choke

el enent 100 is not I|mted inits use to the choke assenbly of Figure 1

5and can equal Iy, yGkierdg aﬁ%eh‘%gt i fbtaecoﬁff’cﬂliﬁn@lgm ltl‘xeecsag ther

enbodi nents of the present invention oke a lies falling
out si de thé %'i?cﬁféerﬁ'?'y tthreone R are Biet aFf?iB'WSeﬁxfe”H@ﬁ(H""@H‘Q!]’éh‘é)WaIFPfgjl]? e 2 shows

t he choke Qb@emﬂﬁe dohtrd! Aeenfoel ls)brﬁéIQS@(érdﬂv%U by a Plug\/mﬁv'eﬁblé Wt Fdspbdt tchand si de
of the ZfOI g"fhe cage ?éAgeIetcrt}\?elf Qpen ang cﬁase e apertures extencj r}é tﬁlp ough %S\nllaﬁl o?n
the cage.

The choke assembly and method of the present invention in its various
aspects may be used to control the flow of fluids in general, in particular the flow of
25 streams of liquid. As mentioned hereinbefore, the present invention is particularly
suitable for the processing of fiuid streams, whether quu'ids, gases or a combination
thereof, with entrained solids. The present invention is particularly advantageous
when applied to the processing of fluid streams produced from subterranean oil and
gas wells. The apparatus of the prese'nt invention is sufficiently compact and efficient
30  thatit is particularly suitable for use in subsea installations, such as weilhead
installations and the like, for the control of fluid streams produced by a subsea well
during operation. In operation, the method and apparatus of the present invention
subject the fluid stream to less shear forces than conventional or known choke

assemblies. This is particularly advantageous in the processing of multiphase liquid



The choke el enment 100 is of the plug and cage variety and conprises a
generally cylindrical cage 102 having an inner cage portion 104 and an
outer cage portion 106 arranged concentrically. The outer cage portion 106
i s supported between an upper mandrel 108 and a | ower mandrel 110 extendi ng
W thin the WOaWe403B cavity 6. The choke el enent 100 f URGINEH20088G3228 ses a
generally cylindrical plug 120 di sposed within the cage 102. The plug 120
is connected in conventional manner tQ the end of the actuator shaft 26
extending fromthe actuator 24. In th manner, the plug 120 may be noved
longitudinally within the cage by a reC|procat|ng noti on of the actuator
shaft 26 ufHesms, pdethet orawt with eeingd solids @nd @0 The reducgh ehgrrinthd 20 has an end
surface 13%%&&@%@%%&@% m§iﬂ@ﬁ+| #HE GeddnRioR OPihe WG .ﬁ&g%ﬁ«&ﬁﬁoseat 132

formed in he c@oke assenb when the choke 1s'in the sed
posi ti on. ﬂ‘@d Harticyan i tf'?néa%d’(ﬁstﬁﬁ”?sa@é‘i’ﬂﬁ'ﬂg 8f archwatgl, §¢chaA§ai nst t he seat
132 provi desodacdd by siiblerrghdansasds, thepmgwamat Bp‘bhébwtﬂeflcﬁmmfda%yng t hrough the

choke 2%as e 2. ke el ement 100 has the
plug 12 d?‘s%’ié@&a’a‘¥%'35ﬁ§ i tﬂ%%%"% o lSss 'i’?°°6'8‘931‘93‘ RSt hat t he
present i neeer odne eddnt adesning 8 stablear qlaﬂsbkteblebmmbmh Thesepanatisthioth t he pl ug

|5 Ji sposedusia wiuleutli 3ok chide AOFYLS Ui SeSgYfyand | nter nal

cage. cage provi apertures 122

t hr ough m.r%"f?q? uﬁ?r&xwae'emhswefww@ H@deﬂéﬁvm W?Ih@dcnwrewetam ty 6 into the
cage 102. Theergpemi mgsinktonare fornmed to extend tangentially through the
cage 102. 21 Referring to Figure 3, there is shown a cross-sectional view
through“a portion of the choke cage 102 showi ng the form of an opening or
aperture 122. BAcdordingdy, tnue fertie 2spedt, dmoresdmt mwerktiob ptdvideben outadationage porti on
104.and th%r&WBce@ﬁﬂfcﬁB@rﬁﬂe%ﬁé%uceﬁ%& {etrﬂéﬁ \ﬁerll nﬂ)%ﬂﬁ[n@‘éy
rectangul ar in cross-section eac ertire ext endi ng

t hr ough t h&4GsgA&stalgige. W'F‘Bﬁafb%ek?%efab'téﬁb@faﬁbef@ﬁeﬁcré’éétTbmal ar ea

t hr oughout iristasiatiof Rgybe aMAh@RS dss@nipf each aperture extending through the
outer cage portion 104 is tapered, with the cross-sectional area of the
opening”at the outer surface of the outer cage portion being w dest, the
openi ng t aper i ngpscific ambodimentalof e immttenddad dppaatus ofthe pcﬂsemthmenﬂidme

cross-sect {{findly b’érf%epg%éﬁge% wagpgftexgh e ORI ErRALL L Qe i N the inner
cage portion. In use bws’ around the exterior surtace of the cage
102 in a raecampawg%w*ﬂ%wwmﬁa. cated by arrows Ain Figure 3. As shown in
Figure 3, the taper of the openlng portlon in the outer cage portion 104 is
not sy trical ) h ‘?f? ¢ tkhe re t«irse or upstreamdirection
of flufd flow 15%?8 rﬁsda ?rﬁﬁs'% %r?aél?é'e‘ﬁfc’ ?ﬁ'?;\o CEGE™UE i ndicated by arrows A in

Figure 3. The fluid flow patterns in and around the cage are shown in

detail in Figur s i i und t he
exterior of theﬁgc%ez,é%gstgiﬁggfogggecgBgﬁq'aeg?o\é\%\]/tsc}{%@ #E% #’t?\g!:%g? ﬁ%@/ pattern
ar ound the°"é%<?r€?qd6?e”6f’ftf'?@reé%l’@’equl be determ ned 20by the form and shape

of the choke caV|ty and the fluid inlet. For exanple, orienting the fluid

i nl et of t he chok .2 sa that fluid enters the choke cavity

L neents o 1y o B S SR ETRs e ek ift piioh fa P che R o

r ot at i onal assemplyrof Giberei 2relopmg tealetailaf tergetingthereticeughage. As the fluid
passes the outer end of an aperture 122, a portion of the fluid is directed

into the openi nFq, as indicated by arrow B in Figure 3.
gures 4a to 4f are cross-sectional views through the choke cage of the

choke assembly of Figure 2 aiong the lines Section A, Section B, Section C, Section
30 D, Section E and Section F, respectively:

Figures 5 and 6 are diagrammatic representation of fluid flow patterns within
the choke cage of the choke assembly of Figure 2, with the plug in a first position and
second position respectively;



25The offset in the taper in the outer portion of the opening reduces the
shear experienced by the fluid as it enters the opening 122. As the fluid
passes through the opening, the reduction in cross-sectional area
accelerates the fluid velocity, such that upon entering the inner cavity of
t he choke evep®sn4ostshe fluid is travelling at a high val@uee2p08/608m8 angl e of
the opening 122 introduces the high velocity fluid into the inner 30
cavity tangentially, as indicated by arrow Cin Figure 3. As a result of
the tangential entry, the fluid wi thi ¥ the inner cavity is caused to
rotate, as shown by arrows D and flow around the inner wall of the inner
choke el enent 102. Thus, the incomng fluid indicated by arrow Cis caused
to inpact the f b Iy i ML rection, as
shown in Figur ekgbgwa PHI??%H}%” Lél\’/‘\'rlegia?ttléh%fz ose tg%higf& @Q%ﬁhg{f surface of
the inner Gg‘ﬂ@ 35891ERISR ofilfjgurePhe fluid circulating within the cage is in
turn caused to deviate fromthe inner wall of the inner choke el enment 102
and to ve inwards t.owards the centre of the cag . The changes in
directidn of floRFeEHASHE Vi &ea%a@aa HWE}'e@F@P %{%i d nomentum induce a
back pressure or resistance to flow 5for fluid both entering and within the
cage. In this t i eas he ogveral I.
oressure drop ‘é‘@ggrgsghgﬁg‘aﬂ sg&t!o'i-nglq)lefwngﬁheag %95 Vy gq;fgéjr%ya ogg”tl? ¢ choki ng
action. Thé&lt!fon of the fluid entering the choke cage through the
apertures 122 and 10 conbi ni ng W|th the fluid already circulating wthin

t he ch35e cage a nt the inner of the inner choke el ement 102
creates-a band o rFI |'?ja9\50??1???“?’?%‘”6‘5@@“9§ﬁ%enast5ﬁ'é'f3'yt°h5'9f"letﬁ gongsthe or ced to
flow in anlimeX and pattern in the radially outer region of the cage across
t he inner openings of the apertures 122. 15Overall, this pattern of flow
reduces the degree of shear to which the fluid is subjected, which in turn
has the effect fgguradil it aberlengf ghesseecimphyieaws ofihg herids ekamssrtsirdsrof thee f | ui d
prior to epdfidi Pihuld® a6 BG&I tolcBnddei the @hta irABe Whihk De appreciated, any solid
particles entrained in the fluid are caused to take a circul ar path w thin
the choke cage, rather than inpact the inner wall of the cage. This
significantly reduces the 20wear and failure rates of the choke el enent.

As shown in Fi { res.in .the choke e are ged in
bands. The arr%grrr}é H-‘]?urélq %'!ér'seg;h 1" 25heke WSE“PEFE%E Eﬁély{r}a@ %Hoke cage are
i |l ustrat e@® #nTherhoke éwnwec&lﬁdﬂmly oficemeentidnabdesipnsind cdowrisitg @am bands  of
the choke @msbswﬁwm@ ety eﬁmé@camoféé cavhP8 rdfRigh silpURSApERM band s

shown ?(ﬂ %ﬁé as two tangential apertures arranged at 180 to
each ofher eﬁ’d" Hegids %fhetqqék%ba‘?fé‘* teaingiiode 8 AengeroLpE@idband, shown
in Figure atspnmzaorfamues,lgremgqmumls a&ﬂeéégulf@'?fluﬁﬂ’té angedie aholdal®y @ach ot her on
opposing s es in the band
shown in Fflngﬁg 'é?;ram'%ﬁﬁ mggér'lt? oh 8 srtr?‘%a 8%‘8q éqh@@ﬁ"ﬁ%%ﬁ Figure 4c and
simlarly FPfQ@W‘UUﬂ*‘%Fﬁ@kQ D@@sﬂ am@dﬂgkldﬂmwd@@iytfmrrefae shaieherited anchd t he cage,
of fset 45 frRiRAtingsh Qﬂﬁi’g@%@ﬁm%ﬁ@%alnrbf Ei)%ht%n%pdes;éheTpéﬁﬂd biFgdbatel y

upst rea’n i S shown in SO CO es el ght openings with a
45 spat ngPrOULES $PEF? WW%F?Y'%‘“PGU?keéﬁeFY%@% ingfcated oy &g AcMB idownst r eam
WO 2009/ 0485Ur8 RCThEER2MREEOETIAPRirther comprises a choke element, generally

indicated as 20, of the plug-and-cage type, disposed coaxially within the choke cavity
8, as will be described in more detail hereafter. An actuator assembly 22 is mounted
on the choke body 2 and comprises an actuator 24, connected to the choke element

30 20 by an actuator shaft 26 extending coaxially within the choke body 4 to the choke
cavity 6 and operable to manipulate the choke element 20 in the choke body.

Suitable actuator assemblies are known and commercially available in the art. The
left hand side of Figure 1 shows the choke assembly in the fully closed position, while
the right hand side of the figure shows the choke assembly in the fully open position.



23 ' band by 22.5. The upstream pair of bands is shown in Figures 4e, A4f,
4g and 4h each band havi ng ei ght openings, again offset from one anot her.
Movenent of the plug 120 longitudinally within the cage allows the bands of
50peni ngs to be covered and uncovered, dependi ng upon the position of the
pl ug, therapy2@bho3isng the flow of fluid through the clrukecEbesnes®sto be
controlled. Wth the plug in the position shown in the left hand side of
Figure 2, all bands of openings are cg ered and the choke elenent is closed
to fluid flow. Myvenent of the plug 1 fromthe closed position first
uncovers the band shown in Figure 4a and then, 10successively, the'bands of
Figures 4b to 4f, until the fully open position shown in the right hand

si de of Figure Refring@aciart 2, kierdslsholg a ARRNGLIIA 60a EHAL e@epeNt of the
plug fromthe ¢)J osed position to the o

g _ en 05|t|gn Bpe s bands havi ng
SucCessi vel Fouigs Wihe presertiBEnian. aeaii gicaies asHON. B Wilhe iaraingdy
successi velthatitethols elbgiesl 08 ss S dinitenialits ase® tAy aidkabbsenity offHigurel1 f | ow. 15
It has en f.0 t hat e_ar. f t tial .. t s 122 into
banta: o0 o Balflued BEQBIER MR ERlke Alednlfied SUMED EhBoaRREGRES 122 | T,
f 1 ow r egi mepreseapinesngion, ad wieh as-clhpke @ssdntiingl faing Agtside dher scbpeiofthe ei nbef ore and

shoun 111 Fliphnfiord Trl}t fdrdislo@RGIIenTh oRS 1RAloky clbbbhiRuliglyefagg ef erent [ s

caused to flow I n ¢ circul ar, patﬁ acent the inner surface of the inner
cage porti dipsiion whilsthe right fage §idg of Biedipiraghewnide shoksraenaent B8 ™Y uid in the
radi al |y oudpen pesiginon of the cage interior. The pressurised band of fluid
300 gengyated by the downstream band of apertures is shown in Figures 5 and
6. The ig{eneral direction of fluid flow within the choke elenent is

downst r eam-t owarTéis chdke efdmenti1@lis lotthe PRig(BnH sege wridyvand@emisriseas shown in

25F1 0Ures S, daRflPdyindRURLEE 108 ARkl drifiter Ghod AR RGN baRACZR0 15 10

reduce the ee?'? I've crosS-sectional area avail é for the fl'ow of fluid
entering t HOrioAJEs gpatged sancsntricaly. JAAQUBDeRIeIRRPNHER BRPEYtedt he pressuri sed

band of fl UietvaGtan upBerandhaetl 208 hsd & RMsEmbRdreig ofdk@nding withintid dhoxarst ream A

S ot e oSl bRE R SRR B 0, e
ef fecti ve odiq:_s:sedswidﬁd tha ahgeat(®a T@ea:ldgeﬂlﬁbés_ dmpeﬁéréin@onm_tiwr@amﬂmanm of f I _ui d.
W th the Lﬁn%%ﬁ?eﬁa%%‘?ﬁﬁ%?%%%?%@ﬁ%& B S PR e and
fully cl oseriug 120 may be moved longitudinally within the cage by a reciprocating motion of

the actuator shaft 26 under the action of the actuator.

20
The plug 120 has an end surface 130 with an external shoulder thereon,
. which contacts a seat 132 formed in the choke assembly, when the choke is in the
fully closed position. The seating of the end surface 130 of the plug against the seat
- 132 provides a fluid tight seal, preventing fluid from flowing through the choke

25  assembly.

As shown in Figure 2, the choke element 100 has the plug 120 disposed
within the cage 102. It will be understood that the present invention embraces a
similar choke element, but in which the plug is disposed outside the cage, that is an

30  external sleeve and internal cage.

The cage 102 is provided with a plurality of apertures 122 through which fluid
may fiow from the region of the choke cavity 6 into the cage 102. The openings 122
are formed 1o extend tangentially through the cage 102.



24 positions and two bands of apertures uncovered for fluid flow The
effect of the hydraulic choke action within the choke cavity is
represented. In Figure 6, the plug 120 is in the fully open position, with
all bands of apertures uncovered. The hydraulic choke action of successive
fluid bandswo sgbweses. The fluid entering the cavity 5t mrooigszom/0gs2een band
of apertures must flow in the general downstreamdirection. To do this, the
fluid is caused to flow i nwards, past %he pressurised band of fluid .
established by the fluid entering t he Hjacent downst ream band of

apertures. As shown in Figure 6, the cunul ative-effect of the pressurised
bands of fluid results in the fluid entering the choke cavity through the

nost upstream baR@ﬁarrﬂ'Tg t@P%DFeUET ﬁ?eré-i@@ﬁ&hrpgcr%s%/ c)t'rorllél We&ﬁﬁ'roﬁérp§§or§§tﬁt' onal

area avail abl %g cgr flo e downstream

hydraulic cKb o ‘??ﬁeGBSIFW"IWB%EQJ?’P%'H"?@I”H]QCP'B&WME 482 sE3%h addition to
t he physi calapetekit2deaetidsamropgrosatsiid obter tdie dokw 10k ahd tl'lednriéﬂ eggegh the

t i chok
DT VLES | BphR 8o PG00 st pobllh YR SR, o
enter the c@g@ﬂ Wertoegrardiog tlanggbribé mherapge portiers 102 nes mgmhrsmni dresse hoke action
can be enpl %¥&Qn£l%ré¥tm§oru8|]muﬁ W@Ieﬁ#tﬁ’wﬂﬁg r{ eg%(\ﬁ% n? @Fx
gnl cantly

el emrent, but has the advantage o
| ess shear ﬁwtﬁrﬁég%%%%%ta@ﬂeﬁ'h@ hdh%?(r@sse‘ﬁ@ﬂ@fr’ﬁ' are@LREFhea@eO\lGﬁuP’fd be

eRX ]E)er i enced therbwergﬂm\/cﬁfﬂ{eldmfbabadﬁ rb!ﬂloarrﬁéxr@aﬂ&sﬁ Wl‘i&(@pe@r%@%ﬁ@rr}ff? ina ¥

ef erri ur es ener a
i ndi cat gg aJl%(l)Ig mwtaﬁdaftdarﬁﬁ%nbsgc @8{}%? ﬁroﬁs f)eqyan\l%ﬁ[fa(’r E ¥rl?hgke Y
assenbl y, saed!mmpqrﬂmm Heonwer cageffogtione ¢n dseafdd ﬂowsﬁarosdfd)ma ekt@ridri gur es 7a+and
7b, the cagguracdoffeeald Yot Q%t?ﬁ?o%% e%“hﬁ{caﬁeg%g%&ké Xt ¥|ghrggsr cage

menber 404 and an _| nner, genera I'ndrica |sposed
concentri caF’I“iWr\/\P figure h@e tpeeef f@%@@“f’f‘érﬁﬁé‘ﬁn iothe Omécﬁﬂ?tl@r‘ﬂoaﬁﬁ‘? fsnner cage

rrerrge{ s 404not46[961rr[%tr%af ﬁﬁtrfgldeﬂ% ﬁﬁd&YmShlé i{eaalse of&%sﬁr&mldrreét%ﬁ E?ﬁ@d‘ﬁorﬁ ot Pﬁ
condi ti gps prev in e 0 ion o e_choke. For use in the
processﬁg Pup?tﬁe&u%ﬂ% h{?gcﬁp%cfﬁ e,dc%aérﬁwgﬁmgpguaea% wel |, 30the inner
cage nenber 406 is preferably forrred of a resistant nmetal, in particular

tungsten carbi deTheTfhuﬁiwﬁﬂeﬁwgl Tl s dtﬁ'z?g'a arggﬁc&gnrrﬁ%eull%@@.rrgw tably

hard material, for exa sé 't protect the
i nner cage ﬁ@ﬁb@?hemekerradﬁr@rSrf@wtngranqs@érhwqr@rgfetheeagedammcateﬂés ent rai ned

in the fluidrets Ramhe ANOIHPHRALBIRRAD b8 OBIHEQBEEwill be determined

20 by the form and shape of the choke cavity and the fluid inlet. For example, orienting
the fluid inlet 8 of the choke assembly 2 so that fluid enters the choke cavity
tangentially or at an angle will result in the fluid flowing in a rotational or circulating
pattern around the choke cage. As the fluid passes the outer end of an aperture 122,
a portion of the fluid is directed into the opening, as-indicated by arrow B in Figure 3.

25  The offset in the taper in the outer portion of the opening reduces the shear
experienced by the fluid as it enters the opening 122, As the fluid passes through the
opening, the reduction in cross-sectional area accelerates the fluid velocity, such that
upon entering the inner cavity of the choke element, the fluid is travelling at a high
velocity. The angle of the opening 122 introduces the high velocity fluid into the inner

30 cavity tangentially, as indicated by arrow C in Figure 3. As a result of the tangential
entry, the fluid within the inner cavity is caused to rotate, as shown by arrows D and
flow around the inner wall of the inner choke element 102. Thus, the incoming Fuid
indicated by arrow C is caused to impact the fluid circulating within the cage and to
change direction, as shown in Figure 3, and follow a flow path close to the inner



25 As shown in Figures 7 to 10, apertures 416 extend through both the
outer and inner cage nenbers 404 and 406, providing passages for the flow
of fluid fromthe inlet of the choke assenbly, through the cage and to the
outl et of the choke assenbly. The apertures 410 are arranged into 12 rows
or bands, WRIRWHPHEIS n S5Figure 8 by the letters A to L.PCUHEB28§3803208 es 410
have the sanme general form as shown in cross-section in Figure 9. As shown
in Figure 9, each aperture extends t ugh both the inner and outer cage
menbers at an angle to the radial dir®ction, such that the inner opening of
each aperture extends at a tangent to the inner wall of the inner cage
menber 406 suigee#f thedinet cage roRiend8Af Terifud titsulatitg within hipsrgaiisésturr | ui d

10ent er i ng caael ta@Aidtdréh tid IG5l of e flnBMeHoRe Blefbhicithahd RfhByar ound the
i nner wal | . of 6, as hereinbefore described. The

e i nner cage .tenber , ,
apertures Mﬁ"%n?‘ﬁ?'ﬂs © GPUETOTITERIR: t% @ Ehangeindiiection obfliqvy ap¢ ey
di mensi ons gssagiafEdrchanmyes af fldd pesesiot, indoad a BacR preskirerYessistdnbe taaswber ,
arrangegen : ' . r e i.ffers. between the bands A to
e 3 o bR e iod Wi (54 B Vot Bl R 0,
sunmmar i sedficreas e Pagrebpigesusadrop across the chpket dseermblipl amd provisiefa gur es f or
equi val ent hWRE@ic SheliRiLiod.Or a given band refer to the nom nal dianeter
(in) of pipe having the same cross-sectional area to fluid flow 20as the
apertures in the band. The width of the | ands between adjacent rows

of apertures i sThdatiGashd MidogBony thé bisoke@BgH fArcdbh tHieapeages apmans 0. 125 ihn.
25The ge Tabl e, has .a.nom n i.nside dianeter of 6.0 in. The
choke ggseﬁ%ﬁ@% %Wﬂ% fﬁ‘g(ﬁE‘% 3P Cfrﬁ%’gtﬂgbw mﬁh%c’%?if’lcﬁﬁ%a J?ﬁeaEFF‘ﬁé{\?‘th a nomi nal
i nsi de di awel efitheihng. chole ¢lemerd0 02 WoaRe 6dyadd OEILEREHIrGRE @88Y, 8032R8 26 TABLE
BAND NO.  the fiuid is forced to flow in an annular pattern in the radially outer region of the cage

across the inner openings of the apertures 122,

15 Overall, this pattern of flow reduces the degree of shear to which the fluid is
subjected, which in turn has the effect of maintaining phase separation that exists in
the fluid prior to entering the cage. In addition, as will be appreciated, any solid
particies entrained in the fluid are caused to take a circular path within the choke
cage, rather than impact the inner wall of the cage. This significantly reduces the

20 wear and failure rates of the choke element.

As shown in Figure 2, the apertures in the choke cage are arranged in bands.
The arrangement of apertures in one embodiment of the choke cage are illustrated in
the cross-sectional views through six downstream bands of the choke cage shown in
25  Figures 4ato 4f. The most downstream band is shown in Figure 4a and has two
tangential apertures 122 arranged at 180° fo each other on opposing sides of the
cage. The adjacent upstream band, shown in Figure 4b, has four tangential
apertures arranged at 80° to each other on opposing sides of the cage, but offset by
45° to the apertures in the band shown in Figure 4a. The adjacent upstream band is
30 shown in Figure 4c and similarly has four apertures arranged at 80° to each other
around the cage, offset 45° from the apertures shown in Figure 4b. The band
immediately upstream is shown in Figure 4d, which also comprises eight openings
with a 45° spacing, again offset from the four openings of the adjacent downstream
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DI AMETERS 1 2 0.25 0.25

WO 2009/040518 PCT/GB2008/003228

23

band by 22.5°. The upstream pair of bands is shown in Figures 4e, 4f, 4g and 4h
each band having eight openings, again offset from one another.

Movement of the plug 120 longitudinally within the cage allows the bands of
5  openings to be covered and uncovered, depending upon the position of the plug,
thereby allowing the flow of fiuid through the choke element to be controlled. With
the plug in the position shown in the left hand side of Figure 2, all bands of openings
are covered and the choke element is closed to fluid flow. Movement of the plug 120
from the closed position first uncovers the band shown in Figure 4a and then,
10 successively, the bands of Figures 4b to 4f, until the fully open positicn shown in the
right hand side of Figure 2 is reached. It will be appreciated that movement of the
plug from the closed position to the open position opens bands having successively a
greater number of openings and, hence, providing a successively increasing cross-
sectional area available for fluid flow.
15 .
ft has been found that the arrangement of the tangential apertures 122 into
bands, as described hereinbefore, induces the aforementioned annular fluid flow
regime, represented in Figures 5 and 6. As described hereinbefore and shown in
Figure 3, the fluid entering the cavity.within the cage element is caused to flow in a
20  circular path adjacent the inner surface of the inner cage portion 102, that is form a
rotating band of pressurised fluid in the radially outer region of the cage interior. The
pressurised band of fluid 300 generated by the downstream band of apertures is
shown in Figures 5 and 6. The general direction of fluid flow within the choke
element is downstream towards the fluid outlet 12 (that is downwards, as shown in
25  Figures § and 6). However, the effect of the pressure band 300 is to reduce the
effective cross-sectional area available for the flow of fluid entering the cage
upstream of the band 300. In other words, the pressurised band of fluid acts as a
hydraulic choke to the flow of fluid downstream. A similar pressurised band of
rotating fluid 302 will be formed by the adjacent upstream band of apertures, which
30 acts to further reduce the effective cross-sectional area available for the downstream
flow of fluid.

As shown in Figure 5, the choke element is in the partially open position, with
the plug 120 in an intermediate position between the fully open and fully closed
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positions and two bands of apertures uncovered for fluid flow. The effect of the
hydraulic choke action within the choke cavity is represented. In Figure 6, the plug
120 is in-the fully open position, with all bands of apertures uncovered. The hydraulic
choke action of successive fluid bands is shown. The fluid entering the cavity
5  through a given band of apertures must flow in the general downstream direction. To
do this, the fluid is caused to flow inwards, past the pressurised band of fluid
. established by the fluid entering the adjacent downstream band of apertures. As
shown in Figure 8, the cumulative effect of the pressurised bands of fluid results in
the fluid entering the choke cavity through the most upstream bands of apertures
10 having a very limited cross-sectional area available for flow past the downstream
fluids bands.

This hydraulic choke action of the pressurised fluid bands acts in addition to
the physical choking action provided by the flow of fluid through the apertures in the
15  choke cage, as well as the hydraulic choking as described hereinbefore and shown in
Figure 3 as the fluid is forced to enter the cage through the tangential apertures. The
‘hydraulic choke action can be emplgoyed to control the flow of fluid downstream of the
choke element, but has the advantage of subjecting the fluid to significantly less
shear than the components of the choke element, such as would be experienced in a

20  conventional plug and cage choke assembly.

Referring to Figures 7a and 7b, there is shown a cage assembly, generally
indicated as 402, that may be used in a plug-and-cage type of choke assembly, such
as that shown in Figures 1 and 2. As shown in Figures 7a and 7b, the cage

25  assembly comprises an outer, generally cylindrical cage member 404 and an inner,
generally cylindrical cage member 406, disposed concentrically within the outer cage
member 404. The outer and inner cage members 404, 406 are formed of any
suitable rhaterial, resistant to the conditions prevailing during the operation of the
choke. For use in the processing of fluid streams produced from an oil or gas well,

30 the inner cage member 406 is preferably formed of a resistant metal, in particular
tungsten carbide. The outer cage member 404 is prepared frbm a suitably hard
material, for example stainless steel, and acts in use to protect the inner cage
member 108 from direct impact by large solid particles entrained in the fluid stream.
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As shown in Figures 7 to 10, apertures 410 extend through both the outer and
inner cage members 404 and 408, providing passages for the flow of fluid from the
inlet of the choke assembly, through the cage and to the outlet of the choke
assembly. The apertures 410 are arranged into 12 rows or bands, indicated in

5  Figure 8 by the letters Ato L. The apertures 410 have the same general form, as
shown in cross-section in Figure 9. As shown in Figure 9, each aperture extends
through both the inner and outer cage members at an angle to thc—; radial direction,
such that the inner opening of each aperture extends at a tangent to the inner wall of
the inner cage member 406. As a result of the configuration of the apertures, fluid

10 entering each aperture is caused to flow in a circular path around the inner wall of the
inner cage member 406, as hereinbefore described.

The apertures 410 within a given band A to L have the same form and
dimensions, in particular cross-sectional area. However, the number, arrangement
15 and size of the apertures 410 differs between the bands Ato L. The arrangement of
the apertures 410 in the cage assembly 402 is summarised in the Table below.

in the Table, the figures for equivalent bore diameter for a given band refer to
the nominal diameter (in) of pipe having the same cross-sectional area to fiuid flow
20 as the apertures in the band. A

The width of the lands between adjacent rows of apertures is the same
throughout the length of the cage and is 0.125 in.

25 The cage used for the Table has a nominal inside diameter of 6.0 in. The

choke assembly for the cage of the Table has a fluid inlet having a nominal inside
diameter of 5.125 in.

30
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TABLE
BAND NO. OF WIDTHOF | HEIGHT OF | AREAOF | TOTAL | STROKE | EQUIVALENT
NO. | APERTURES | APERTURES | APERTURES | APERTURES | AREA |  (in) BORE
(in} (in) ' (in?) FOR DIAMETERS
FLUID
FLOW
(in?)
1 L2 0.25 0.25 0.125 0125 | 0.375
2 4 0.25 0.25 0.25 0375 | 075
3 4 0.25 0.5 0.5 0.875 | 1.375
4 8 0.25 05 1.0 1.875 2.0
5 8 0.375 0.5 1.0 3375 | 2625
6 8 0.375 0.5 10 4875 | 325
7 8 0.375 0.75 225 7125 | 4125
8 8 0.375 1.0 3.0 10.125 | 5.25 3.0625
9 8 0.5 10 4.0 14125 | 6.375 4.0625
10 8 0.5 1.0 40 18.125 | - 7.5
11 g 05 1.0 4.0 22125 | 8625 5.125
12 g 0.5 7.0 4.0 26.125 | 9.75
5

10

15

From the Table, it can be seen that the cage has a total of 12 rows of

apertures, providing a total aperture cross-sectional area of 26.125 in. As noted
above, the choke assembly has an inlet for fluid having an inner diameter of 5.125 in,
that is a cross-sectional area of 20.63 in. If can thus be seen that the total area of
the apertures available for fluid flow through the cage is greater than the cross-

sectional area of the fluid inlet.

Asg shown in Figures 7 to 10, the bands A to L are arranged in the cage
assembly 402 so as to be spaced from one another by lands 420, that is regions
extending circumferentially around the cage assembly 102 that do not have apertures

extending therethrough, most clearly shown in Figure 8. In operation, the plug 120 is
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moved longitudinally within the cage assembly 402 to progressively cover or uncover
the apertures 410 in the bands A to L. The movement of the plug is controlled such
that the end surface of the plug' is brought rest so as to intersect a land 420 between
two adjacent bands A to L. This ensures that a given band A to L has its apertures

5  either fully oben or fully closed. In addition, the end surface 130 of the plug 120 is
not exposed directly to the erosive action of the streams of fluid entering the cage
through the apertures 410, as it would be if the end surface of the plug is brought to
rest so as to intersect a band of apertures.

10 In the Table, the figures for the stroke refer to the longitudinal distance the
piug of the choke assembly moves from the fully closed position, in order to
completely uncover a given band and have the end surface of the plug extend across
the land between the given band and the adjacent band.

15 Figure 11 contains a cross-sectional representation of each of the bands of
apertures 1 to 12 of the cage of Figure 8. As can be seen in the views in Figure 11,
the apertures in a given band are offset circumferentially from the apertures in the or
each adjacent band. In this way, the integrity of the cage is increased, in turn
providing the cage with a higher resistance to impact from large entrained solid

20 objects, such as may be produced from time to time from a subterranean well.

25
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the cage has a total of 12 rows of apertures, providing a total aperture
cross-sectional area of 26.125 in2. Ag not ed above, the choke assenbly has
an inlet for fluid having an inner di feter of 5.125 in, that is a
cross-sectional area of 20.63 in2. It can thus be seen that the total area
of 10the apertures available for fl&-&MPow through the cage is greater
than the cross- sectional area of the fluid inlet. As shown in
Figures 7 to 10, the bands Ato L are arranged in the cage assenbly 402 so
as to be bpaced PeHAsHFEANCRPRISING PIVG Redna 20 end pdfacesandeyfases thesext endi ng

ci rcunf erﬁﬂ%ibéin ¥ndVeaHR it 18ssatd B ealb| the t0de EARbrisiy Aebgd@Me apertures
ext endi ng therethroug nost clearly shown in Fi glure . In operation, the

h
pl ug 120 havingF plysalibaol apeeiiesdherathrguaki fonihg floweof dadethensrterss 402 to

Pr ogr essi »8bNdif@HPEudh thd BEEY ®All Mgy taHRSnritkQuiticd bandaags@al.o L. The
nmovenment of the plug is controlled such that the end surface of the plug is

brought rest so as to intersect a and 420 between two adjacent bands A to

L. This epsuregnd BadketasdbmBR R86ding th@ldimNaunkleh t@n@%@bﬂﬁ@% apei ther fully
open or fully closed. In addition, the end surface 130 of the plug 120 is

not exposddengedde fews exdending ergiferentallyiaseunsithe G89%&t r eans of fluid entering
the cage through the apertures 410, as it would be if the end surface of

the plug is brought to rest so as to intersect a band of apertures.
3. The choke assembly according to either of claims 1 or 2, wherein the

apertures are formed with openings having the sides parallel to the end surface of

the plug straight.

4, The choke assembly according to any of claims 1 to 3, wherein the apertures

are rectangular in cross-section.

5. The choke assembly according to claim 4, wherein the sides of the
rectangular apertures are disposed parallel to and orthogonal to the end surface of
the plug.

6. The choke assembly according to any of claims 1 to 4, wherein the cage
comprises first and second portions, each portion having one or more apertures

extending therethrough.

7. The choke assembly according to claim 6, wherein each portion comprises a
plurality of apertures and the apertures in each portion are arranged evenly around
the periphery of the cage.

8. The choke assembly according to either of claims 6 or 7, wherein the first and

second portions are separated by a land having no apertures extending therethrough.

9. The choke assembly according to claim 8, wherein the land is sufficiently
wide such that the end surface of the plug may be positioned a sufficient distance
from the adjacent open apertures to reduce the impact of fluid flowing through the

open apertures on the end surface of the plug.



10In the Table, the figures for the stroke refer to the |ongitudinal

di stance the plug of the choke assenbly noves fromthe fully cl osed
position, in order to conpletely unco&gr a given band and have the end
surface of the plug extend across the“fand between the given band and the
adj acent band. _15Fj qure 11 contains a cross-sectional representation of
each of th® badbe CB?qfea??éPF@fVe%Ccﬁfdﬂr@ tp ANy of PlIRENSG ied. dtheEgig ihecage As can be
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CLAI VB 1. e@f@(‘%“b@%ﬁ’ﬁ‘ﬂ Of e RS- si ng pl ug having an end surface and a cage,
the plug being noveable with respect to the cage, the cage conprising a
cage wall having a plurality of apertures _therethrough for the flow of

fluid, thé2apertrBeKeASERGIYRFCOINIELGRNY P& Claingd tal 1 WhemjefS ally to the
i nner sur 43&eureE intdiR o dFahd cagelare UfBetdielRfASRRIPHYMARE ap&Hiut8s tro ¢l aim

1, wherein the apertures_are arranged in rows extending circunferentially
around t hihecagigeent portigmaf thE GRES-assenbl y according to either of clainms 1 or
2, wherein the apertures are formed with openings having the sides parallel
to the end_surface of the plug straight. _4. The choke assenbly according
to any of ?E-I ai TEe gheks apse Qr%cﬂrdﬂﬂgé%é\ﬁéﬁ dries %M%@&ea%mea&%ﬁ gpd

Cr 0Ss- seCkédtnd portionsemphek giffeene Atther@ & Apstttgs.t 0 cl ai m 4, wherein the
sides of the rectangul ar apertures are di sposed parallel to and orthogonal

to the end surface of the plug. 6. The choke assenbly according to any of

claims 1 414 4, ThBeheidadsBRbRAGRRIYIOIH§Df Elalngd 6 &3, s@eeNA tRor tions, each
portion having opne or. nore apertures extendi ngﬁitherethrough. 7. The choke

assenbl y 2BUHFES Ighe Gt PARtinn aved ftersnt SErsk-sgalianebAre@dn s estuEsiNur al ity
of apert ufeSseabad pbgoapertures in each portion are arranged evenly around
t he periphery of the cage. 8. The choke assenbly according to either of
clains 6 or 7, wherein the first and second portions are separated by a

l'and havi ng. noTapentky fsemblyestdonrihd oengidntialmge to f4, whasis fek@ogssenbl y
accordi ng tC{. claim8, wherein the land.is fSHffI m.entlg W ge such that the
end surf a8e°tionakarea i thg a‘ﬁﬁﬁ“rﬁé BTN RBIRALCTANS 6795 BFEAreHNEince fromthe
adj acent Rpghudipg irgctRs dfthg €igce the inpact of fluid flow ng through the
open apertures on the end surface of the plug.

16. The choke assembly according to claim 15, wherein the apertures uncovered

first as the plug moves from a fully closed position have the least cross-sectional

area and the apertures uncovered last as the plug moves to a fuily open position

have the greatest cross-secticnal area.

17. The choke assembly according to any of claims 2 to 186, further comprising an

actuator for moving the plug with respect to the cage.

18. The choke assembly according to claim 17, wherein the actuator is
programmable to operate at different speeds of opening and closing the apertures in

the cage.

19. A method of controlling the flow of a fluid, the method comprising:
providing a fluid control zone having a fluid inlet with an inlet aperture and a
fluid outlet;

supplying a fluid through the inlet aperture into the fluid control zone;



29 10. The choke assenbly according to any of clains 6 to 9, wherein the
cage conprises three or nore portions having at |east one aperture therein.
11. The choke assenbly according to c%&i m 10, wherein a | and separates all
of the adjacent portions of the cage.~ 12. The choke asserrbly according to

any of clains 6 to 11, wherein _the apertures in one rtion of the cage are
of f set ci r cunf 8¥t@plishing|an annylar flue f'&Wé?aﬁtBFrb‘é"th'rr‘lﬂleﬁg‘da "é’i?éﬁ‘?"epﬁ‘r‘f’h'% of the

cage.  13paihR fIGHGK EaRea eTBIHAUIAS FPAFERLIQeGBY, @lﬁ:h@ﬁa':!'flﬂﬁ viithirothé2, wherein
the first and second portions caonprise djfferent nunbers of apertures. 14.

The choke2R4fiompalierbisfeHEpd 19 f@H’ya%‘?SSéP%PH%”'%Q pihe letgpertaieAndne

aper t ur espicilideb @ rbéisahcdR the Abw baHGd hreiidH Beanbt dedSre sectional area to the
apertures in the second portion. 15. The choke assenbly according to any
of clainms 6 to 14, wherein the cross-sectional area of the apertures in

each portpen ofrhé %tmcbwm%ﬁaﬁmu@ &vh@rehrpﬂneIﬂwerbmmmrrﬂ@ﬁtﬂa&emé t he
cage. 16. The choke assenbly according to claim.1 wherein the apertures

uncover edS¥RAiigd thigugha pluraliyy %«mégvefr%ﬁ?%[ﬂfrﬁ% Ithye Ew%at?ria%hrww figte the

| east cr Oéﬁeﬁﬂébbmg%u@cﬂa fRRhdde tRd Bpnith P of émﬁd?é{é%rneépérﬁﬁé as the plug
noves to a fully open position have the@g{r eat est cross-sectional area. 17.
I

The choke %%%%F?BP}/'"&'&%@‘F%“H@ONP%HWCIW"“ e Enylai fipw Bats Y ¢ her conpri si ng
an actuator for noving the plug with respect to the cage. 18. The choke
assenbl y accordl %Hto claim17, wherein the actuator is progranmable to

operat e afldi f AdPERed sheantrelling theglan o tHdh the BSthRg GomPrisier tures in the

cage. 19. A nephRdinf a fQ8toMtdIiz08 hiend b awdahieBwit s thiet bbertiretahad
conprisin providing a fluid control zone having a fluid inlet with an

i nl et apeﬁ't“ﬁroé tefhd a fluid outlet; supplying a fiuid through the inl et

aperture into Elh}ﬁ)lilﬁthﬂui@Qﬁ%ﬁQh terHIét apetfire into the fiRifd @ddkioPdnigdoan annul ar
fluid flow pattern wthin uid control zone, in which pattern fluid is

caused toe%tPPl@t!PIaé‘t%"iuﬁrgﬂwé’ﬁﬂﬁﬂ“%'tmré@?cﬂh"d QMR 2908t fluid within the

annul ar fl ow pahbrimtheentardpRald flewpat¥tnalfines a hieraaRedified whintthe i nl et
aperture rovi des a resj st to the ow of fluid through the inlet

n
aperture. ?U'QGORWéoﬂ%fnﬁ%@ha‘%@ H"ﬁ@s ?%‘Segé‘?&ﬁ"‘i? legrrethgifliic ‘P?é“"f’%ﬂ "& for
annul ar f kpyugiathe @Lid dufiesuppl i ed through a plurality of uncovered
apertures, the fluid entering through a first aperture being caused to flow
across the opening of an adjacent aperture downstreamin the direction of

flow flui dow t ithe nmditopadibldig fol impat b@ﬁﬁnsuri?glestéblrsamb@bloffamcywﬁt rolling the

R e e P

suppl yi ngfladfléasﬁr@ drhvipatre Bmtdrauiantiel papemtisi Egused tto flignrbligh thed@tiaudd zone to
establish anpul flo at t rn within the fluid control zone;

wher ei n tﬂ@ e HH) ﬁ"efqu?ia\i% B?‘BW 154 %?W'Elfélf)i’vr{@éteﬁ‘shydraul ic orifice within
the fluid control zone through which fluid is caused to flow to | eave the
fluid control zone through the fluid outlet. 22. The nethod according to
claim 21, conprising establishing a plurality of annular fluid flow
patterns in an arrangenent within the fluid control zone, whereby fluid

| eavi ng an upstream annul ar flow pattern is caused to flow through the
hydraulic orifice within the or each downstream annul ar fl ow patterns.



