1 CHOKE ASSEMBLY The present invention relates to a choke assenbly

for controlli nQ? the flowmwate or pressure of a fluid. The invention rel ates
in parti NPPIYY¥1choke assenbly for use 5in the contr SETEBESABBE oi |

and/ or gas streans, especially in the control of fluid streans produced
from subterranean wells. The choke assenbly of the present invention is
particularly suitable for use in subseh installations for the drilling of
subt erranean wells and/or the subsea production of oil and gas. 10The
flowate and/or pressure of a fCHOKBASSEMBANYE general ly controlled in use
by sone form of valve assenbly, in which the size of the orifice or conduit
t hrough which the fluid is caused to pass is altered. A particular form of
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passage of fluid therethrough. The desired pressure and/or flowrate is determined by

the number and size of orifices that are open and available for the passage of fluid.

A common design of choke assembily is of the plug and cage variety. A

20  generally cylindrical cage is disposed within the choke body, the cage being provided
with a plurality of openings or orifices therethrough. A cylindrical plug is disposed to
be moveable co-axially with respect to the cage, so as to open or close the orifices in
the cage, depending upon the position of the plug. The orifices in the cage are
disposed along the path of movement of the plug, such that movement of the plug

25  from the fully closed to the fully'open position along the longitudinal axis of the cage
opens successive orifices, thereby increasing the cross-sectional area available for
fluid to flow. Typically, the fluid to be controlled is introduced from the inlet of the
choke assembly perpendicular to an annulus surrounding the exterior of the plug and
cage, passes through the orifices of the cage into the interior of the cage and, from

30 there to the outlet of the choke assembly. The orifices in the cage are disposed
perpendicular to the longitudinal axis of the cage. Typically, equal and opposite
orifices are used, to generate jefs of fluid entering the interior of the cage to impinge

on one another, thereby dissipating the energy in the fluid stream. .



30there to the outlet of the choke assenbly. The orifices in the cage are
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energy in the fluid stream . 2 I n general, known choke assenblies
of the aforenmentioned type have one of2two arrangenents. In a first
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vol ung of gas., Much effort is being put into devel oping systens to

separate oil., water and gas fromthe fluid stream produced by wells. In
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instal | at ipﬂggesac;f?lu%ge [I%U(ﬂg'iasieg pie%e#&efr? ﬂ{gfpu% stream are typically oil and water.
Water is being produced from subterranean wells in increasing quantities, for
example as a result of operations to enhance oil recovery from a field by water
15 injection. In addition, the fluid stream produced will typically contain significant

volumes of gas.

Much effort is being put into developing systems to separate oil, water and
- gas from the fluid stream produced by wells. In particular, given the increasing
20 depths at which subsea wellhead installations are operating, it is becoming
increasingly desirable to avoid having to produce water from the well to the surface.
Rather, there is increasing need to separate water produced from the well at the

seabed, to allow for reinjection.

25 However, conventional choke assemblies provide an obstacle to achieving
the desired fluid separation. The conventional plug/cage choke assembly has
orifices extending perpendicularly through the cylindrical cage. The orifices are
typically circular. As a result of this arrangement, the fluid passing through the choke
assembly is subjected to very high rates of shear. This in turn generates significant

30 mixing of the fluid phases, in some cases resulting in emulsification of the oil and
water phases. This mixing significantly hinders the separation of the water, oil and

gas phases.
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swirl chamber. Reciprocation of the conical head covers and uncovers holes in the

helical pattern and allows the fluid flow to be controlled.

The flow conditioning system of US 6,730,236 is intended for use in
20  conjunction with a downstream apparatus for separating the fluid phases and acts to
condition the flow by inducing coalescence of fluid bubbles and, if required, to act as
a choke device to control the fluid flowrate. It would be advantageous of a system
could be provided that combines the operation of a choke and a separation action. In
addition, it would be particularly useful if such a system could act to separate solids
25  from a fluid stream.

DE 44 07 835 discloses a method and apparatus for removing low density
liguid impurities, such as oil, from groundwater. The apparatus comprises a housing
in which is located a choke element. Water, oil and gas are drawn into the housing

30 by means of a vacuum and leave through an outlet in the top of the housing for
separation. The flowrate of the fluid stream through the outlet is controlled by a
choke element. A vent is provided in the housing. However, the vent does not
appear to be used continuously as part of the normal operation of the system.
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15  solid material. The solid material, such as sand, silt and gravel, may be produced
from the subterranean formations along with the oil and gas. Sand and gravel
entrained with the oil and/or gas will enter the choke assembly together with the fluid
stream. In addition, the well may produce quantities of metal particles that enter the
choke, for example as a result of equipment wear or failure upstream of the choke

20  assembly.

In the designs of choke discussed héreinbefore, the cage assembly is
particularly vulnerable to damage from solids entrained with the fluid stream. Small
particles entrained with the fluid generates a very high rate of wear on the cage and

25  especially the plug, leading to poor control of the fluid flowrate and/or pressure and
eventual failure of the choke. In addition, with the arrangement of perpendicularly
extending, opposed orifices in the cage, solid particles and objects entrained with the
fluid are directed onto the portion of the interior surface of the cage opposite the
orifice. In extreme, but not uncommon cases, large solid particles impacting the cage

30 assembly can destroy the cage. In all such cases, the inevitable result is that the
choke assembly requires replacement. In the case of a subsea installation, perhaps
at a depth of many thousands of feet of water, the replacement of a choke is a
difficult, dangerous and time consuming task, during which production from the well
may need to be shutdown. Chokes having the external cage/internal plug design are
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streams. Developments have also been made to the choke assembly to prevent
such entrained and suspended solid particles from damaging the components of the
20  choke, as hereinbefore described.

According to a first aspect of the present invention, there is provided a choke
assembly comprising: »
an inlet for a multiphase fluid stream, the stream comprising a first relatively
25 heavy fluid phase and a second relatively light fluid phase;
a first fluid outlet;
a choke element disposed between the inlet and the first fluid outlet operable
to control the flow of fluid between the inlet and the first fluid outlet;
a separation chamber disposed to provide separation of phases in the fluid
30  stream upstream of the choke element; and

a second outlet for removing fluid from the separation cavity.

In the choke assembly, fluid enters through the inlet and flows towards the
first or second outlet. Until separation of the fluid phases occurs in the separation



15be enpl oyed to provide a fluid separation function and to condition the
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leaving through the first fluid outlet to be controlled. One suitable choke element

arrangement is the plug and cage arrangement discussed hereinbefore, that is a

perforated cage through which fluid may pass, with the flow of fluid through the cage

being controlled by a moveable plug. Typically, the plug is moveable longitudinally

15 within the cage. The plug may be disposed either upstream, that is outside, or
downstream, that is inside, the cage, as required. A preferred arrangement has the
plug disposed within the cage. Preferred choke elements employing the plug and

cage arrangement are described hereinafter.

20 The choke assembly comprises a separation chamber disposed such that
separation of the multiphase fluid stream occurs upstream of the choke element,
such that all fluid passing through the choke element is caused first to flow through
the separation chamber. A particularly preferred arrangement is one in which the
choke element is disposed within the separation chamber, especially in which the

25  choke element is arranged concentrically within the separation chamber and the
separation chamber extends around the choke element.

The choke element is positioned in the assembly to receive a portion of the
fluid after separation of the fluid phases has occurred in the separation chamber.

30 The choke element is positioned to provide a flowpath for the lighter fluid factions,
while allowing the heavier fluid fractions to remain within the separation chamber
pass to the second outlet. Preferably, the choke element is disposed to receive fluid
from a region of the separation chamber that is between the inlet and the second
outlet. In this way, a portion of the fluid in the separation chamber is caused to pass



S5features of the assenbly and are to be construed in the light of this
overall flow schene. The choke assenbly of the first asgect of the present
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-of the longest side to the shortest side. Preferably, the aspect ratio of the inlet is in

the range of from 1:1 to 1: 3.

The inlet may be oriented to direct the fluid into the separation chamber in
20  any suitable manner. For example, the inlet may be positioned to direct incoming
fluid radially into the separation chamber. Preferably', however, the inlet is oriented to
direct the incoming into the separation at an angle to the radius of the separation, in
order to generate a rotational flow pattern of the fluid in the separation chamber.
Most preferably, the inlet is arranged at a tangent to the separation chamber,
25  whereby incoming fluid is directed along a flowpath around the perimeter of the

separation chamber.

The inlet may be oriented to direct fluid into the separation chamber
perpendicular to the longitudinal axis of the separation chamber. However, it is
30 preferred that the inlet is angled to direct fluid into the separation chamber at an
angle to the normal to the longitudinal axis, such that the incoming fluid is directed
into the separation chamber in a downstream direction. When the inlet is also
arranged to direct the incoming fluid at an angle to the perpendicular to the
longitudinal axis of the separation chamber, the fluid is caused to flow in a helical



7 through the choke elenent to the first outlet, while the remaining
portion of the fluid bypasses the choke elenent and flows to the second
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shortest si aspec n the range of
from 1: 1 tsepdration Gﬂaenbenluetturrmgduwgcmmmnming fividsheart the fluid into the
separation chanber in 20any suitable nmanner. For exanple, the inlet may be
positioned to direct incomng fluid radially into the separation chamnber.
Pref erably, hoviewassist wmecrieatimgahslioahbrerntaﬁdnalcﬂodipa&evtn fohiuid witbimthey i nto t he
separ ghi o
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peri nmeter %gf @ngé géfgﬁd;% egh;EP P’ lr,?wlse\ﬁ%f%y% g@té{: |gen : "o direct
fluid int @hamgersiepammngmoteleathmm contact with the fluid gmde surface. The fluid
guide surface is preferably used in conjunction with an appropriately angied and
15 oriented inlet, as hereinbefore described.

The choke assembly is adapted for the processing of a multiphase fluid
stream. The multiphase fluid stream may comprise two or more liquid phases.
Alternatively, the fluid stream may comprise a gas phase and one or more liquid

20 phases. The choke assembly is particularly advantageous when applied to the
processing of fluid streams produced from subterranean wells, in particular fluid
streams produced from oil and/or gas wells. A typical multiphase fluid stream
produced from a well comprises oil, water, most likely in combination with gas. In
addition, thé multiphase fluid stream may comprise solids, in the form of suspended

25  or entrained solid particles. As noted above, fluid streams produced from
subterranean wells typically contain suspended and entrained solid particles, for
example sand, grit and larger particles. The choke assembly of the present invention
is particularly suitable for the processing and separation of multiphase fluid streams
containing solid particles.

30

The choke assembly may comprise a single inlet for fluid to be processed.
Alternatively, the choke assembly may comprise a plurality of inlets for providing fluid
to the separation chamber. In particular, the assembly may comprise-a first inlet for
lighter fluid, such as light liquids, for example oil, and gas, and a second inlet for



per pendi cular to the |longitudinal axis of the separation chanber. However,

it is 30preferred that the inlet is angled to direct fluid into the
separ at i oNO2AUM01at an angle to the normal to the | on§FTEdA%Y0033s, such

that the incomng fluid is directed into the separation chanber in a
downstream direction. Wien the inlet is also arranged to direct the
incoming fluid at an angle to the perp&ndicular to the |ongitudinal axis of
t he separation chanber, the fluid is caused to flowin a helical 8 path in
t he downstheeden filid, sath asoihandwatet.nEhe pipeatibt of dinidahlatsieee préférablypr ef er abl y,

the inlet js, an such that the fluid rptating wthin the separation
chanber i glsggﬁgghgﬁoongmo & tégqug&ugl%l 'rﬁgtborﬁ (ﬂéh? ﬁﬂa&a,t'of‘ﬁg?mggr'pass t he
inlet in aittdhepreferae gpangeément beirigorelih fwhidhethe fickt et fiardighter fluidvent t he
incomng fluid fr ntacting fluid already, 5rotating within the

separat i oﬁ{rgﬂg eu?p@r%%Tg?@gns&%a%# Iglﬁ(?{,orpgawggféwq Frtﬁ%aé?s'and col | i sions between
fluid Streans and inpacts of fluid with surfaces within the separation
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conpri se a gas phase and one or nore:liquid
In a preferred embodiment, the choke assembly comprises a fluid inlet
15 assembly having a curved flow path, most preferably a helical flow path, for fluid
entering the separation chamber through the fluid iniet. In this way, the incoming
fluid is caused to flow along a helical flowpath before reaching the separation
chamber. Separation of the fluid phases will begin to occur prior to the fluid entering
the separation chamber, enhancing the separation efficiency of the choke assembly.
20  The curved flow path may be provided by an appropriately curved pipe, for example
a helical pipe aSsemny, or by suitable baffles or other flow directing means within the
pipe connected to the inlet. The inlet assembly is preferably oriented with respect to
the fluid inlet so that the fluid stream entering the separation chamber is properly
oriented to direct the heavier fluid phases into the region of the separation chamber
25 with the higher concentration of heavier fluid and the lighter fluid phases into the
region of the separation chamber with the higher concentration of lighter fluid. In-
particular, when the fluid in the separation chamber is to flow in a circular or helical
path, the inlet assembly is oriented to direct the heavier fluid phases to the radially
outer regions of the separation chamber and the lighter fluid phases to the radially
30 inner regions of the separation chamber.

The second outlet is disposed to allow removal of fluid that has not left the
separation chamber through the choke element. The separation chamber, either by

virtue of its form and/or its operation, serves to direct the heavier fluid phases, and



20phases. The choke assenbly is particularly advantageous when applied to

t he processi n‘g) of fluid streans produced from subterranean wells, in
particul aVOPPWHO¥r eans produced fromoil and/or gas WEFTEGB2AHAI 5|
mul ti phase fluid stream produced froma well conprises oil, water, nost

likely in conmbination with gas. In addition, the nultiphase fluid stream
may conprise solids, in the formof sdfpended 25or entrained solid
particles. As noted above, fluid streans produced from subterranean wells
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mul t i phaseeparatich srior eatie fluhieaving the chamber thedughahesecodd outlet.t  The choke

assenbly may conprise a single inlet for fluid to be processed.

Al ternatively, the choke assenbly may conprise a plurality of inlets for
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t he separatjon chanber. The region,of the separation chanber upstream of
Lhe &l of PRLIAEHERRES theEe SR dr e R o SRR eptaioh -

oper at i on t@octupr Iqestidulzy, ibisfdrefeded thaeamy salitlipadtieies are ghdwdd toiséttieghases, such
as gas, the'I[gsgcJPt fl uicg?@ﬁgses are caused to collect and concentrate in the

upstream Bz tesFer'y for exanple formng a gas cap. In a preferred
enbodilfrent, the choke assenbly conprises a fluid inlet

To assist with allowing gravity separation in the region of the separation
chamber upstream of the second outlet, the separation chamber is preferably formed
to provide a fluid flowpath of reduced cross-sectional area in the regioh upstream of
the second outlet. This reduced flow area may be provided by having the outer wall

20  of the separation chamber tapered inwards, either continuously or stepwise.
Alternatively, or in addition thereto, the separation chamber may be provided with
means to'reduce the flow area, such as a tapered or conical member disposed co-
axially within the chamber. In order to enable further separation of the fluid phas_es to
take place, in particular to allow the lighter fluid phases, especially gas, to separate

25  from the heavier fluid phase flowing towards the second outlet, the means for
reducing the flow area is preferably provided with one or more conduits therethrough,
to allow lighter fluid phases to flow upstream towards the choke element.

In addition, the separation chamber is preferably provided with means to
30  reduce or prevent fluid rotation within the upstream region adjacent the second
outlet. This is particularly preferred when the separation chamber is to operate with a

rotational fluid separation regime, as described hereinbefore.



15assenbly having a curved flow path, nost preferably a helical flow path,

for fluid entering the separation chanber through the fluid inlet. In this
way, the WH&B?W%BF%FI uidis caused to flow al ong a hel i cACTIGRIFA0B2hef or e

reachi ng the separation chanber. Separation of the fluid phases will begin
to occur prior to the fluid entering the separation chanber, enhancing the
separation efficiency of the choke asdénbly. 20 The curved flow path may be
provi ded by an appropriately curved pipe, for exanple a helical pipe
assenbly, or byhswhokhhssebwly ey camprigeferthér neardi foreseparajingdakghtért hi n t he
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chanbeb wieffactingahinisgpanatiorowit detdeatribed refeihafggnt er fluid. In particular, when
the fluid in the separation chanber is to flowin a circular or helical

path, the inlet assenbly is oriented to direct the heavier fluid phases to
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phases to i i - eqi . e I ol er.
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process felementtandans containing solids, solid material will also |eave the
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10separation o ( eavi er phases and, 1t present, solid
particles, it is preferred that the regi-on of the separation chanber
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formed to allow gravity-assi separation to occur.. particular, it is
pr ef er r ed comartisead gorvbinatiprpefiaes @nd §auid ehaseso ard/ot @ peality ¢f lidyidnhases-he second

out | €59  The method of the present invention is particularly suitable for the processing of
multiphase fluid streams containing solid material, for example suspended or

entrained solids.

The multiphase fluid stream undergoes separation in the separation zone,

25  resulting in a separation of the fluid phases into relatively lighter fluid phases and
relatively heavier fluid phases. Any suitable separation regime may be employed to
cause the fluid phases to separate. The fluid stream is preferably caused to rotate in
the separation zone, most preferably flowing in a helical pattern, in order to promote
the separation of lighter and heavier fluid phases and minimise the amount of shear

30 forces applied to the fluid. The fluid stream is preferably introduced into the
separation zone at an angle, in order to promote the rotation of fluid within the zone.
Most preferably, the fluid is introduced tangentially into the separation zone. In order
to prevent the incoming fluid from impacting the fluid already rotating within the
separation zone, the incoming fluid is preferably directed at an angle to the



15 To assist with allowing gravity separation in the region of the
separation _chanber upstream of the second outlet, the segar ation chanber is

pr ef er abl YOO o provide a fluid flowpath of reduce§CeifGREBWA oNal

area in the region upstream of the second outlet. This reduced fl ow area
may be provided by having the outer wall 200of the separation chanber
tapered i nwards, either continuously d2 stepwise. Alternatively, or in
addition thereto, the separation chanber may be provided with nmeans to.
reduce t haloivheieamn diectisncduchshat fiimpetatiog withiodime sedarationivbamties passes!
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provi des a ne of controld 1’ ng and Separating e rlowof a nultiphase
fluid streamg. the nethod conprising: introducing the nultiphase fluid .
streaminto a separation zone; 10all ow ng separation of the fluid phases in

the fluid streamto occur in the _
15 In operation, the lighter fluid phases are caused to pass through the choke

element. The lighter fluid phases entering the choke element may contain heavier
fluid phases, but in significantly reduced amount compared with the fluid stream at
the inlet, that is the fluid entering the choke element will be richer in lighter fluid
phases. In contrast, the heavier fluid phases and, if present, solid material, are

20 caused to bypass the choke element and pass towards the second outlet for leaving

the separation zone.

The heavier fluid phases remaining in the separation zone and flow towards
the second outlet will comprise lighter fluid components, but be rich in the heavier
25 phases. Most preferably, the heavier fluid phases undergo further separation in the
separation zone, in order to further remove lighter fluid phases. This separation is
most preferably a gravity assisted separation, with any rotation of the fluid stream
being damped or hindered by suitable means in the separation zone.

30 As noted above, the fluid stream is separated in the separation zone into
respectively heavier and lighter phases. It is preferred that the lighter phases are
caused to flow through the choke element to the first outlet, while the heavier phases
remain in the separation zone and flow to the second outiet. Accordingly, in a further



separation zone; causing a first portion of the fluid streamto flow

t hrough a choke elenent to a first outlet; controlling the flow
of fluid VAZBYIHO¥%ke choke el enent by adjusting the choRETAHRIEMM2L and

causing a second portion of the fluid streamto flowto a second outlet.
In the nethod of the present invention, the nultiphase fluid stream may
conpri se a conbination of gas and |iqdfd phases, and/or a plurality of

| i qui d phases. 20The nethod of the present invention is particularly

sui t abl e Bspect Hiee presertssvemtjomnm providkes iaphetbed bf eontfollihg eadrsepaatirgg theng sol i d
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As described hereinbefore, the methods of the present invention may be
operated to provide a single fluid stream as feed to the separation zone. However, in
one preferred arrangement, as described above, the choke assembly is provided with .
15  aplurality of inlets, in particular a first inlet for lighter fluid phases and a second inlet
for heavier fluid phases. Accordingly, the present invention also provides a method
of controlling and separating the flow of multiphase fluid streams, the method
comprising:
introducing a first fluid stream rich in lighter fluid phases into a separation
20  zone;
introducing a second fluid stream rich in heavier fluid phases into a separation
zone to form a combined fluid stream in which the first fluid stream and the second
fluid stream are in contact;
allowing separation of the fluid phases in the combined fluid stream to occur
25  in the separation zone; _
causing lighter fluid phases separated in the separation zone to flow through
a choke element to a first outlet;
controlling the flow of fluid phases through the choke element by adjusting the
choke element; and _
30 causing the remaining fluid phases to flow to a second outlet.

It is the case that light fluid streams, in particular gas streams, typically have
minor portions of heavier fluids, in particular entrained liquid droplets, which are to be
removed. Equally, heavier fluid streams, in particular liquid streams such as oil and



downstream direction, such that fluid rotating wthin the separation
chanber passes the incomng fluid stream w thout significant inpact between
the two. WO 2BMUMRE the rotational fluid separation, thECTHEBAY3Iui d may
be 5Spreconditioned prior to entering the separation zone by flow ng along a
circular flow path, nost preferably a helical flowpath, to initiate the
separation of |ighter and heavier phadés. If such preconditioning occurs,
the preconditioned fluid streamis preferably introduced into the
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| eavi ng t he sepamatedmreviousdy, it is preferrefitbatitbafiistfiuid btigam priatredugedntoni ng i n

t he separ ati : i ri se

gt 57 1 s 3aR08 2B uoetli GHAE SeeehRRuBRERAA, s S oGO TRl

pr ef er abl flyidtinterfanedoibefored rdpiglyamdgnaintaaed o Botlv thia éirst apg aeeanddiuid n t he
separatio i Thi s
separ at | Ogtrléégnﬁ%rgtd?efgl:a?) aafl)Jge& WIIolfbgé I\A{tﬁlmls(gsés;{agﬁl o oHe L%sld%éigﬁﬁgfﬁ any

rotati on désdaribed ftblentjarmerseamiaben ngltmﬂlrvpe@r bothHIUIWneemepa)smtabl e neans in
t he separ . S ed in the
separ at | b oo Hfsle SRLHARE L, Lt g he's e R Jobe AR & °

pr ef et$ ed heteinbefdne desaghedr phases are caused to flow thr ough the choke
element to the first outlet, while the heavier phases remain in the

separation zone and flow to the second outlet. Accordingly, in a further
The choke element receives fluid that has been separated into lighter and

heavier phases. In a preferred arrangement, the lightest fluid phases, in particular
. gas, enters the choke element in the most upstream portion, with the heavier fluid
20  phases, in particular light liquid phase, entering in the adjacent downstream portion
and, if present, heaviest fluid phases entering the most downstream portion of the
choke element. This flow scheme offers significant advantages in the operation of
choke assemblies having further separation means downstream of the choke

element, as described below.

25
As described hereinbefore, it is advantageous to provide the choke assembly
with a plurality of fluid inlets, in particular a first inlet for a lighter fluid stream and a
second inlet for a heavier fluid stream. Accordingly, the present invention also
provides a choke assembly comprising:
30 a choke element for controlling the flow of fluid therethrough;

a first inlet for a lighter fiuid stream;
a second inlet for a heavier fluid stream; and

at least one outlet for fluid.



13 aspect, the present invention provides a nethod of controlllng and
separati ‘% the flow of a multiphase fluid stream the nethod co I ng:

i nt roduci 829?'% it i phase fluid streaminto a separati SR TAgHA08/ 3321

all owi ng separation of the fluid phases in the fluid streamto occur in the
5separ ati on zone; causing lighter fluid phases separated in the
separation zone to flow through a chodé el ement to a first outlet;
controlling the flow of fluid phases through the choke el enent by adjusting
t he choke el enmdmedditierd theoprasetinyentien alepraiavideg afrhethdd fdiaseisoling theow to a
second ou her ei nbefore, the nethods of the present
I nventi ontﬂhg/;d{)lg'd ine m{}ﬁdéj?o 'E)réa&dde a single fluid streamas feed to the
separation zonmtrngmg@rﬂ,rsn ighb flgid stredraiinted Q&\pk@ammﬂm threughdefirstrinletd above,
the choke asse?m}&éulzlﬁ rs%\f{;rqc?q Wa;ﬁh id Sfedth e c%ogé aés{élrrﬂ}l)?thré hRArticular
a first inlet fer FIUi d phased and & secon eavier fluid
phasesy Aseodiingly, the present invention also provides a method of
controlling an Kk ; treanms, the nethod
conprising: i nﬁ@gﬁg tﬁéﬁ@%ﬁ&%cﬁ#fﬂ#uggg%%ﬁ% mid&}gﬁl %‘t er fluid phases
into a separat |p@asnz@ﬂwd|fr@m the first and mcmdt;@rea@sahrgwoa@hqskaﬂemsmtrteam rich in
heavier flg H Q?W Agseparation zone to forma conbined fluid stream
in which t rst Pw d stream and the second fluid streamare in contact;
al | owi ng separ aemeyingfluid fren¥ thaichokshassemblyrthiaygh @blepstrang dutlel. d streamto

occur 1g@5i n the separation zone;. causing lighter fluid phases
separated in the separation zone to flow through a choke elenent to a first
outl et "~ As noted above, the choke assembly of the present invention may comprise

means for separation of the fluid stream that has passed through the choke element.
Accordingly, in a further aspect, the present invention provides a choke assembly
comprising: '
15 an inlet for a multiphase fluid stream;
a choke element;
a separation chamber located downstream of the choke element to receive
fluid passing through the choke element;
a first outlet in the separation chamber for a first fluid stream; and
20 a second outlet in the separation chamber for a second fluid stream.

This separation means for the fluid stream is preferably in addition to the
features of the choke assembly described hereinbefore, in particular the separation

features upstream of the choke element.

25
The choke element may have any suitable design and configuration to
provide the necessary control of the fluid stream passing therethrough to the outlets.
A most suitable arrangement for the choke element is a plug and cage assembly, as
discussed hereinbefore, preferred embodiments of which are described hereinafter.
30

In the choke assembly of this aspect of the present invention, the separation
chamber may have any suitable configuration. It is preferred that the separation
chamber is arranged to allow separation to occur as a result of the rotational flow of

the fluids therein, in particular by having the fluid stream flow in a helical pattern. Any



controlling the flow of fluid phases through the choke el ement by adjusting
the choke_ el enent; and 30causing the remaining fluid phases to flowto a

second ouYP@p9v4061 It is the case that light fluid sPFa4HR2008/(93321

particul ar gas streans, typically have m nor portions of heavier fluids, in
particular entrained liquid droplets, which are to be renoved. Equally,
heavier fluid streans, in particular |i%Quid streans such as oil and 14
water, will have m nor portions of lighter fluids, in particular entrained
gas, whi chsuitgblainsemnisandycbe povided fo dromotecthh octatidnal behelicalstiiit flowpattern.on
allows th ' r L& I n | n the separagtion zone,
but not | i ererar nEREmBERENTYr o0 ARG A Aldnedta R E R AL,
conponent sflawipatechinghe eeparation graster.| Suitdbiesariyrefefiied ehbleaglements are d

conmponent Sy.ohb L: r liquid, leave the first, lighter fluid stream
Simlarl y,dﬁshgb%%%@?%?l uid conponents present in the second, heavier

fluid Stream pass across the interface to collect in the lighter fluid
stream As not ' |t 4 : Lhefir fluid streamis
i ntroduced int gqiﬁﬁﬁd“g%%%%”é ¢ ’oanhrgto%%%éf@gén&g%'d%ﬂeﬂs" cog'h%lt '% Ui d stream
Thi s al | ovighter §uidiphesed, in phrtigularighseouscpHages A setmnd autietid preyided iy thaand

mai nt ai ne : LI, - Ul d - ferably caused
to rotat edsv(\e/iptgﬁlﬁn %’ﬁ%“éééggitg F%Hglﬁgﬁgﬂlda,snlq?qejt}%?d;ﬁﬁggﬁ?iﬁtﬁeg'é%e ed, to enhance
separation. Either one or both fluid streanms nay be preconditioned to

ot . : o : - Tn as
| Sher alnbet or e oag prieféa boiliif bt toniafiof ERFAGr Rt BIFNIRHE " 3 has
been separchokeleienment.| Thy$ asangamerth sopariénulaoly pseferred when ppesfating theé ar r angenent ,
the |ight [ | ek | enfers I enment in
the st %%ﬁ‘é%%@?@%ﬁ? bR I e a8l S enf R ShasE DT C L o

| i ght |iquihg ssharstion eharaberig pieferably ardngasksa theloinnepearatiom pas cdllentsamd, i f

present, hﬁ@ﬁb&%{i .lepioq &hﬁ%@g%&i&ﬁ%&%é%d@ﬁﬁs ?8&@55 €@ QﬁfekfetBEGOf t he

choke el enent. OW S offers significant~advdntages In
oper atlbon inthegasicapdenyentiia saparation shambertheough dedfirst oubiet, e §adidwnst r eam of

the choke ghgmdtin tSsdbatdtioh RAGmBE! s through the second outlet.

In a preferred arrangement, the choke element comprises a stem connected
to a choke actuator or drive mechanism. This érrangement is particularly preferred
20  when using a choke element of the plug and cage type, in which the plug is moved
longitudinally within the cage by means of a stem connecting the plug to an actuator
or suitable drive means. The stem of the choke element is formed with a central
bore, and provides the first outlet for fluid from the separation chamber, in particular
for gas.
25
As heavier fluids can be entrained in the lighter fluid phase leaving through
the first outlet, the choke assembly may be provided with a further separatioh means
for removing such entrained heavier fluids. The separation means preferably
‘ comprise an inlet for lighter fluid, connected to the first outlet from the separation
30 chamber, and a second separation chamber having a first outlet for lighter fluid
phases, in particular gas, and a second outlet for heavier fluid phases. Most
preferably, the separation means are arranged to provide, in operation, a rotational
flow of fluids within the second separation chamber, whereby the heavier liquid
phases are collected in and removed from the radially outer regions of the second



25 As descri bed hereinbefore, it is advantageous to provide the

choke assenblg wth a plurality of fluid inlets, in particular a first
inlet forWQ2PPYHPE fluid stream and a second inlet for PRTIBAIS4I03321 i ¢

stream Accordingly, the present invention also provides a choke assenbly
conprising: 30a choke elenent for controlling the flow of fluid
therethrough; a first inlet for a |ligAfer fluid stream a second inlet for
a heavier fluid stream and at |east one outlet for fluid. 15 In
addi ti on, separafiorectantberr aué tiei lighteafleid phases alecolieoted incdrehived oinrthe | i ng t he

flow of fl ui Jg ho?c:rt; onprising: ..introdqucing a first, light fluid
stream i ntr%'ch%ryérﬁ' iég@é%se ﬁ?g%)%péﬁsﬁargu?q ?r%a[m i et; introducing a second,
heavy fluid streaminto the choke assenbly through a 5second inlet;
allowing the fi Fﬂg d_f.luid reans to.co I nto contact :
passing f1ui d Ft P eayat il Bheris, Rl Wie ghrad @ deraesent <o
controb t Hewftd the setomd outtdf, tmodgh efrichitimgy dxituiRieferaiiy, tHeechoke kiesemsisignbl y
through atcanSﬁssets aoﬂgans?suttol iﬁﬁibit <‘15roprevent the formation of a stable vortex in the fluids

in the region of the separation chamber adjacent and upstream of the second outlet.

Suitable means for arresting or preventing vortices are known in the art and include a

vortex breaker. The need for a vortex breaker is particularly great when the fluids

10  being separated in the separation chamber include gas, which is removed through
the first outlet, and the separation occurs using rotational flow of the fluids.

The separation chamber may have any suitable configuration and shape. In
a preferred arrangement, the chamber is formed to have an increasing cross-

15  sectional area to fluid flow in the region upstream and adjacent the second outlet.

As noted, one preferred embodiment of the present invention provides a
means for removing a light fluid phase, in particular a gas, from the choke assembly
through the stem of the choke element. Accordingly, in a further aspect, the present

20  invention provides a choke assembly comprising:

a choke element comprising a moveable choke component;

a stem connected to the moveable choke component;

wherein the stem has a bore therethrough to provide an outlet for fluid from
within the choke element.

25

The separation means downstream of the choke element for fluid passing
through the choke may comprise further separation means for separating two liquid
phases, either as an alternative to or in addition to the separation described
previously in which a lighter fluid phase, in particular a gas is removed. The further

30 separation means are preferably disposed in the separation chamber downstream of
the choke element and prgvide an outlet for a first liquid phase and an outlet for a
second liquid phase. Oné preferred arrangement is employed in conjunction with a
rotational separation regime, in which the fluids in the separation chamber are
caused to rotate. As described, under the action of the rotating fluids, the lighter



As noted above, the choke assenbly of the present invention may conprise
nmeans for_separation of the fluid streamthat has passed through the choke
el enent . VXQ(?E?%“P@IW, in a further aspect, the present Pﬁ@@ﬁzp@ﬂmﬁz&vi des a
choke assenbly conprising: 15an inlet for a nmultiphase fluid stream a
choke el enent; a separation chanber |ocated downstream of the choke
el ement to receive fluid passing throdéh t he choke el enent; a
first outlet in the separation chanber for a first fluid stream and 20a
second outfluigls arecausedde pelieat indime dialiy eentfab regiorsefdbe defdratian chandam

Thi s sepanat.i n . L0 4SE ' | jfion to the
features cl)r?g?‘ﬂﬂa g%%kén fg@tl%ﬁ}{'ﬁr fg(ﬁ%%g(rn?%é%%h%e#% '%E@I'ﬁ%m%é%‘%?@% ar the
separ at i orseparation ewniestin osdear ¢d renyedhe kghterl ligaidmhase. The ouflétiés mhstke el enent
may have It ' . ' ' \.de sary
Cont ol of ¥ 2 dkgSed Bond oG A s R LR B b e SRS EC

sui t abbe dngitudjpamondtibexterndingemixiallyl withémtheiseparationghamberc dhe casdwhbl y, as
di scussed | of [ | i bed

her ei naf t é{ﬁfeﬁﬁﬁﬁé@ﬁ(\%ﬂ@u tﬁ?ﬁ‘ﬂ%ﬁ‘ﬁﬁ@%@é@%@}”@wpﬁg(ggﬁegﬁiﬁ? i nventi on,
t he separ #hasmmehaadsto antsr theaoendaity ltduiprefdsied tbatrihé gpeningsoextend atian pref erred
that the ratd | r ' | cur as a
rosul t of THE 13 SEBRNER0n bANBHRNI ok thrller it RROBEN H of ReREPVL

havi ng t herdvide aiflevpatiathat behiedtsthe liqelds ¢aminpmumeshear. Any 16 suit abl e neans
may bggprovided to pronote the rotational or helical fluid flow pattern.

Preferably, the conponents of the choke el ement are adapted to induce a
rotational fl oWeasiet kquid phasel sokastes atttheraidatn ebiermoguecgians of theid preferred

irst out PEpput e alOEhhEl BB S owet pisposed i T RRBK Rpfege! v @
phases, i thesaparatiohshaghee dgaipithis eutlet & mestaneferablyl rrargsd st avpugdte n t he
phacee. | 1015 AR SFectfh of G oL BRI Bt Core R e rber oxt ends
wi t hi A5t he ‘
The present invention provides in a further aspect, a method for controlling
and separating a multiphase fluid stream, the method comprising:
passing the fluid stream through a choke element and controlling the flow of
fluid using the choke element;
20 introducing the fluid stream into a separation zone and causing phases of the
fluid stream to separate;
removing a lighter fluid phase from the separation zone through a first outlet;
and
removing a heavier fluid phase from the separation zone through a second

25  outlet.

Separation in the separation zone may take place using any suitable regime.

However, it is preferred that the separation takes place using a rotational fluid flow, in

particular a helical fluid flow thi'ough the separation zone. In this way, heavier fluid
30 phases are caused to collect in the radially outermost regions of the separation zone,

while lighter fluid phases collect in the inner radial regions. In a preferred

_ embodiment, the separation zone extends within the choke element. In particular,
the lighter fluid phases, especially gas, is allowed to collect within the upstream
region of the choke element, from where it is removed through the first outlet. A most



choke el ement. This arrangenent is particularly preferred when operating
the assenbly to control and separate fluid streans conprising a significant
gas phasewofﬂ%g/‘]égﬁér ation chanber is preferably arrangeiﬂcg@‘foﬁﬂ%{q% h
operation, gas collects in the upstreamregi on of the separation chanber
and fornms a gas cap. Gas collected 15in the gas cap | eaves the separation
chamber through the first outlet, whill@ liquid remaining in the separation
chanber exits through the second outl et. In a preferred arrangenent,
t he choke ceheamgertt medingst iepwyesithetlighiec Guid pbbses fram ¢thecdeplaeatianizaad withior dri ve

mechani smy. Thi ' rtigul arl [ r n.using a choke
T emant - ohs MkeRIGRARTATE0N 1t A bf ALk aBEFIER].| EtofdindlyIfle biRSEN
| ongi t udi naMentiomalsdiprovides acragtboth for weatnglingf aral separatiogamadtiphagetfloid pl ug to an
act uat or i ' eans. The stem of the choke elenent is forned
with a ce%%rfgﬁ’{g\%%&hgénéyﬁ?éw jes the first outlet for fluid fromthe

separabi on charmaesing the fluid streanm trodgbra geke efnent and comtmolimgake Bow bf ui dsS can

be entrai [, £ | uid phase leaving through the first outlet,
t he Choker?@@sdes t@@ﬁh@l@%&é&%ﬁtbi ded with a further separation neans for

renovi ng such démtadacing thenthad stegant intd dseparhtorszeradi cansing ghasgsraftler abl y

conpri se - Laf fluid, connected to the first outlet fromthe
separat i OE‘UQ cﬁgﬁngé%?pélﬂﬁ%b%ﬁéecond separation chanber having a first outlet

for lighter fl uérdoyihggdighter fiuighahasecfodratheggeparatind zanes theough ayuadteationor
heavi 36 f's@n@'eﬂ@ﬁ@ﬁ@fromﬁé Cﬁ&g‘g&ﬁ?&y, the separation neans are arranged to
e, | ation, a rotatl

provi n oper onal flow of fluids within the second
separati on chanber, whereby the heavier |iquid phases are collected in and

chanber and tho 13 BRIEH gy e doRHeE Sefiratrdfhea P il phasBEL Y T e
radi al | y ipartieplar bgyid pbases within the sepatatiapzonatdosmstteamisbthe dhbke dlement
parti cul ayIAVARL sd padthitbritagHfsmay BIB5H 0% ebrdtd e TGRRATHRLA MBGMDEr
15  preferably, a rotational flow regime is employed, in particular with the fluids flowing in
a helical pattern, whereby the lighter liquid phases collect in the radially innermost
region of the separation zone and the heavier liquid phases collect in the radially
outermost regions. The lighter liquid phases are removed from the innermost region,
‘most preferably through a conduit extending longitudinally within the separation zone.
20  The heavier liquid phases are preferably removed from the outer region of the
separation zone, especially through an outlet arranged at an angle, preferably
tangentially, to the separation zone.

As noted above, the present invention provides significant improvements in
25 the design and arrangement of choke elements, in particular choke elements of the
plug and cage type. In this variety of choke assembly, the cage is provided with a
plurality of openings therethrough to allow the passage of fluid. The piug is
moveable with respect to the cage -and, by overlying the openings, is used to open or
close the openings according to the flow control requirements of the choke. The plug
30 is moved with respect to the cage between an open position, in which all of the
openings in the cage are uncovered and are open for the passage of fluid
therethrough, and a closed position in which all openings in the cage are covered
and closed to fluid flow. Movement of the plug with respect to the cage between the



5flow to the second outlet, through which they exit. Preferably, the choke

assenbl y corrgri ses a neans to inhibit or prevent the formation of a stable
vortex i nYPHEYMR%s in the regi on of the separation chgﬁﬁ/eqmﬁ?ﬁ’“ﬁ@%t and
upstream of the second outlet, Suitable means for arresting or preventing

vortices are known in the art and include a vortex breaker. The need for a
vortex breaker is particularly great wWlen the fluids 10bei ng separated in
t he separation chanber include gas, which is renoved through the first
out | et, arfeniand slogad aosiinnsseiceassivalyiapgns ot closesithe opéningsy depéralifid ui ds.

The separ "%@ioﬂrt‘hé:gi?égﬂ% oﬁXvJ?ﬁéﬁ?. any suitable configuration and shape. In a

preferred arrangenent, e chanber is fornmed to have an increasing cross-
15sectional area to fluid flowin the regi on upstream and adj acent the

second outl et. i Ad%%m%ulﬁ.@}r{g@hgg ch%eas%glfo&ri% ?gﬁmﬁb g%’l#emngg _fi],‘ethgr esent

I nvention prov r renovin phase; i n particul ar
a gas, >f r cage Reteot akan argie tenthg radialslirgbtiantaf the eagepmoshespehiakeats emrent .
Accor di ngl ' t ' L | des a choke
assenl y - canashicin Wac!ah LSRRG the 116 f2eEnG Broddh A EEHE BLaRE RIS Pronent :
a st em comntasagatational fiew megimgiwitbircthe kege angdemenatream thereof. whhe anigled he st em

has a bor E d t 1.0 Lt hin the
Choke of eontaaeatat Attty BAKL Efoftauidiroloet e mabcfortho R Al | L0
el enent f dridfatigamsgatesing dhroughoa ghliralieofctrerivgsand dwmpe.i significanthher separ ati on
means 1Hor s§Ra ' b Gkl el P NS aLive to or in
Sart o 18 th%ﬂiéefp {%%“?foéﬁbﬂt"?wﬂ?ﬁ@?%@ia‘a%?r‘?y’??%&mh??*&'%% b er f 1 ui d
phase, i nspearatierueffluicphpgss that hasrescsired Phbegniinitiatad Wetreamohthiemshokeans are

pr ef er abl v Rse arBrbd SRRREA! bPLa ARRTRETBONBIARATLARG RS choke

el ement and provide an outl et st l'iqurd phase and an outlet for a
second | i denagniial path withiretherchpke cage, e diragbimnact ofentrajned aed sbspengafiunct i on
Wi th a rolgid MiatiesSenefidy { ' | i | ' eparation
chanber a%e dcause((;il t@,l(i){ ﬁ@%@?gééﬁsgh?fges%%&gw@,ﬁ%%? p%hghgﬁﬂeghﬁtggf%“?he
rotatihg Fedyced or elimaingteghincthis way, damage to or destruction of the choke cage is

significantly reduced.

The rotational fluid flow pattern generated by the angled or tangential flow of
fluids within the cage is of particular use with the downstream separation of the fluids,
20  as described hereinbefore.

In a first aspect relating to choke elements, the present invention provides a
choke assembly comprising a choke element comprising: ‘
a cage having a plurality of openings therethrough for the passage of fluid;
25 a plug moveable with respect to the cage to open and close the openings in
the cage;
wherein the openings in the cage extend tangentially to the cage, each
opening comprising an outer portion extending from the outer éurf_ace of the cage
having a first cross-sectional area and an inner portion extending from the inner
30 surface of the cage having a second cross-sectional area, the first cross-sectional

area being greater than the second cross-sectional area.

The openings are shaped to decrease in cross-sectional area in the inwards

direction. In this way, the fluid passing through the cage is caused to pass along an



18 fluids are caused to collect in the radially central region of the
separatiqn chanber. In such a case, an outlet is preferably disposed in the
radially ‘88&9?9éq40§6égi on of the separation chanber, in OPGE%BF?)O Wiie the
lighter liquid phase. The outlet is nost preferably disposed at the

| ongi tudi nal axis of the separation chanber in the formof a 5l ongitudinal
conduit extending co-axially within tBé separation chanber. The conduit is
preferably provided with a plurality of openings, through which the |ighter
| i qui d phéwesasinglyssasaler corshiitethetelby inopeasinigtits vefocitg. phisfservesdo aswigt t he

openi ngs ; dj di rectio f the ndui t, nost
pr ef er abl ?/\)'(t bgﬁeg@ﬁ%?@ﬁ @ff&gﬂioﬁau%ﬁ%]télp%tf@%péag{ﬂrh |tlgﬁ#qe0€b5§F ﬁ‘et"heéﬁ g%bj ects the
| i qui ds t downstreanmthehaxdirwhileGat the same ftite@vedecinpitiopidebrpbabswac td Weiched at t he

i dal | . i : ' .
o o1, S RST ol The R 0, 67 & SRR SRR Ul o
t hi s ofit | atea. Moresgrrefprablye inadytigr tareducgdite stieaatp whigh ¢het fuid Isesubjedted| di recti on

of the separ gLl I | b 15 The present
i nventi onﬂger%\?bgg%ﬁr&ggga% etﬁ'?rriaggpég?ﬁéﬁ{%ﬁg%ohgﬁdj%gr controlling and
separating a nultiphase fluid stream the nmethod conpri sing: - passi ng

the fluid stre 0 eqﬂé)ige : &f roll . r{a | of fluid
usi ng the chokinéeﬁégh‘eﬁgr?e %I n Ogﬁjclzilgﬂg {)'ﬁgp ﬁ?ﬂ{hg?,rse‘gé{%&ign g)réwg'ﬁ%ar ation
zone and eaueaAterrrosmsantiond! ardwefof fluid flow thawethe iroes ppddinatie advantageony a | i ght er
fluid;pha | thro kst outl.et: d renoving a
heavi (laé) f?’ﬁ?@lhg%aaélgﬁF r%g%ﬂ{ %é}nggtptéfga |S(§\?62%bg‘gerstﬂfrzgég'hn§ i@g?)or{@a(g%ut‘l et.

choke element has an inner, generally cylindrical choke portion of a hard, resistant

material, such as tungsten. A generally cylindrical outer portion extends coaxially

around the inner portion and may be formed of a less resistant material, such as

stainless steel. The form of opening allows the fluid to pass through the outer, less

15  resistant portion at a lower velocity and only have a higher, more erosive velocity

when passing through the inner choke portion.

As noted, the openings through the cage are shaped, such as being fapered

or curved, with the cross-sectional area of the opening reducing in the inwards

20 direction. A tapered opening having substantially straight or linear sides is easier to
form in the cage than a curved opening. While more difficult to fabricate, openings
with a curved profile may be preferred as they provide an optimum flow pattern of
fluid through the cage elements. The openings may each be symmetrical about their
central axis extending through the cage. However, in one preferred arrangement, the

25  openings are offset, such that the outer end of the opening, having the widest cross-
sectional area, extends in a direction upstream of the flow of fluid past the choke
cage when in operation. This has the effect of reducing the shear experienced by the

fluid as it enters the opening in the cage.

30 In one preferred arrangement, the choke cage is formed from an inner choke
cage element and an outer choke cage element, arranged concentrically around the
inner choke cage element. The inner and outer choke cage elements are formed
with corresponding openings to provide passage for fluid through the cage. The
outer choke cage element may be formed with openings having the first, greater



Separation in the separation zone may take place using any suitable regine.
However , referred that the separation takes place using a rotational

fluid fl O‘W)ZP??/ %% cular a helical fluid flow through Ph&EPUNI2n zone.

In this way, heavier fluid 30phases are caused to collect in the radially
out ernost regions of the separation zone, while lighter fluid phases
collect in the inner radial regions. BA a preferred enbodi nent, the
separation zone extends within the choke elenent. In particular, the

| i ght er flcasd-spbticmabarea sipe theahhgr dake cage eleimenioday be toomked etithwipehings t he

upSt 1 €2 Geghgih<LochRE (ENBKE oEL ERTAhal JLOTUEI ke FEBKEAngLipou0h, the

first outle convenr ent enoves ui d phases
fromthe thepeutertdage elepmant tapehinwardly The kperehgsie tie mhercnlrghe thge stem of the

choke asseithlon 8L L0Ghdon PELLERGI oGN] 0 Rhafh e 2 ot hod

for contro ng a d separa ase nmet hod

conpri &i nglentgmhssi ng the fl ui d st ream t hrough a choke el enment and
controlling the flow of fluid using the choke el enent; i ntroduci ng
the fluid streaminto a separation zone and causi ng phases of the fluid
stream t o sepaiTae eatioanithe first and second crogesecignal are@ﬁ‘nisareféﬂablydn fhease fromthe

. . ' K
SFhaT 21 OB il DY, B8 AELUBLORL LM 1 PRGBS RS,
phases, i to pravide agraduatdd;magt pﬂe&e@y wisimvioth, grasiusk patrnafar the fitmheotalmgnst ream

Of %0 C"BEAEEIbige £ihe b RS 1AL PNEESLBTT D FrdiFEhi?

separa e Rases. ona ow regine is
enpl oyed, r&gnorpefrthe: cagear with the fl ui ds flowng in a helical pattern,
whereby the lighter |iquid phases collect in the radially innernost region
of the separation zone and the heavier |iquid phases coiled in the radially
out er nost regi tmafurthikeasdeghefdhe pregantdnyanticr selating te shelecelement; thRe i nner nost

region, MShoRie] 8 LANSYadsBBEanTbrisA Yok ¥iehitlt BpriRey. t udi nal Iy wi thin

t he separ at on zo
15 a cage havnng a plurality of openings therethrough for the passage of fluid;

~a plug moveable with respect to the cage to open and close the openings in
the cage; A '
wherein the openings in the cage extend tangentially to the cage, the cage
comprising openings arranged in a plurality of bands extending circumferentially
20  around the cage, the cross-sectional areé of the openings of the bands increasing in

the upstream direction of the cage.

The arrangement of the openings into bands allows for an accurate control of
the flow of fluid through the choke, by positioning the plug with respect to the cage
25 accordingly. In operation, the most downstream band of openings is the last to be
covered when the choke is being closed and the first to be uncovered when the
choke is being opened. In this way, as the choke is opened and each successive
band of openings is uncovered, the cross-sectional area available for the flow of fluid
increases by an increasing amount with successive bands.
30 ‘
Each band may have a different cross-sectional area of openings than those
adjacent to it. Alternatively, the bands may be grouped, such that all the bands in a
given group have the same cross-sectional opening area, but have a greater area
than the bands in the adjacent downstream group. Ina preférred embodiment, the



20 The heavier liquid phases are preferably renoved fromthe outer region
of the separation zone, especially through an outlet arranged at an angl e,
pr ef er abl Otzg?'?éf)épﬁ6i1al ly, to the separation zone. As not g&Tgﬁ}\(}@/OO?%é
present invention provides significant inprovenents in 25the design and
arrangenment of choke elenents, in particular choke elenents of the plug and
cage type. In this variety of choke a§§enb|y, the cage is provided with a
plurality of openings therethrough to allow the passage of fluid. The plug
i s noveablbands aie in gsqupstof twp, ishieh thatyeachrmhir df ypaodediffgisrig ctose-segtionaings, i s

used to opgL, gfrop:‘ehg,agté Egcho#ﬁ%geg%%%%ggng to the flow control

requi renments of e~“cho S noved with respect to the cage
bet ween an open position, in which all of the openings in the cage are

uncovered and e ogl)lgﬁiﬂg%) fe”n? giggn Pﬁﬁg{%é%gy LL\}Q tﬂetsgﬁ{eecﬁ'ggsg%%{??na"flg ad ¢l osed

position in which e are covered and closed to fluid
f1 ow. Rbvdmene embodimentlall gheppemingsdpthetbands haee thegamsatrogsesectiomal 20 open
and cl ose L 14 Y ) C : [ ..dependi ng
pon t he- drELat 4 Umer R Ho bl A e e e ER LB £ty s
one i n whiaghievékebyyarying dle numberesf Spenjegsanisueresaive handmeyl grovps afthandsaidi al

di rection | .nai N this
wey. the fouri g aR ore FRiErET B RIGErIoN, TR oI RARE pie3t SRR el

f1 ow regi 9ébandsrhavettive operjegsantheckands in ibaradiagentaesir of Paadsierphdihve four

t angenpi al i ; : I npact of the

I ndi virigualc’p?@h?% ?ﬁer éﬂ%&éHﬁﬁﬁaﬂﬁﬁ'ﬁ%gﬁgggﬁ ﬁ%%ﬁ?@erﬁbgbpeni ngs and,
hence, significantly 10reduces the degree of shear to which the fluids are

subj ected. In ' At d | ] aecurred or
been initiat edqﬂ% Eér%%ger% l@? tytth %gegrﬁ{giéeme%dgﬁgﬁi&%ngs %g"fl égsf%g té'ct ecI.Qr%ﬁtr'\QQddi tion,
by causi ngvithiesgectiiodnetanothsr|ipragicdlar woeere@djacganigeands are ipdbéisamehi n t he

choke Cag%lgonhé?\o‘erv@%%%m;%gﬁmeér &1 Eﬁh&?d and suspended solid particles

entering the cage on t osing inhner wall portion of the cage are
15reddéed or elimnated. In this way, damage to or destruction of the choke

cage is In the choke assemblies of the present invention, the plug and cage are
moveable with respect to one another. Preferably, the cage is fixed and the plug is
moveable with respect to the cage. In a very typical arrangement, the plug is
arranged concentrically with respect to the cage and moves longitudinally along the
20  central axis shared by the plug and cage. The plug may be disposed outside or
inside the cage, with the'plug being disposed inside the cage preferred.

It has been found that the arrangement of openings in the cage into bands

allows for a different choking regime to be achieved within the choke cage than

25  known choke assemblies. In the known arrangements of choke assemblies, the flow
of fluid through the choke elements is controlled or choked by varying the cross-
sectional area of the openings in the choke element, in particular the cage, through
which the fluid must flow. This choking regime relies upon the physical barrier .
presented by the choke cage to the flow of fluid. It has now been found that an

30 alternative regime may also be employed. In particular, the passage of fluid through
bands of angled openings, especially tangential openings, in the choke cage
establish for each band of openings a band or ring of rotating fluid within cage. The
shape adopted by the rotating fluid in the cage is generally toroidal. Fluid entering
through an opening in an upstream band must flow past the rotating fluid band or ring



significantly reduced. The rotational fluid flow pattern generated
by the angled or tangential flow of fluids within the cage is of particul ar
use with ‘gﬁéo‘lfﬂiﬂmream separation of the fluids, 20as #EIGH2HY03321

her ei nbef ore. In a first aspect relating to choke el enents, the
present invention provides a choke assenbly conprising a choke el enent
conpri si ng: a cage having a pfdrality of openings therethrough for
t he passage of fluid; 25a plug noveable with respect to the cage to open
and cl ose edtabliepehbyngsownsttdam bargkof openings. ivhes been fonad ¢zt thenffysd isn t he cage

oxt ondi ng. 1900k Fhbus Beleng ripade cRsE R BB a0 RGeS AP e 160 Soct i onal
area and apandmoiduidpausesoan e‘fetoﬁmﬁeuigcﬁonjﬂmdfﬁeroésqsmtioﬁﬂmé af(iaedl}‘teridne 'cgge
havi - [ , o L ' t - ti in
ar oat ot raTE el ABTAE BB Hou 1B e 8 Bl B R S BRNG vt rer
condui t5, tg¢emeedly aicooesmsiding pldrality ef mtating.bamts sf fhd m%moidﬁsiieﬁbftivd th t hg

z . : LU i thin t ent
downot r eartePts BEPRR contblind LBHRTH BB HE: e G B oM MBnear o
whi ch t he ddewfthe fuid ddsifdo timd.or Tomtra trenirogssettipndl aven availalslp forifl fidwange i n
o955 Secti Bake SEGRR AN e 8BS ERhel e NS e T BlEET

whi ch t he 'S subj anges i n°Cross-
gradual orofsbear nuous. _ The form of the openings, having an outer
porti that is wider and providing a greater cross-sectional area for

fluid flow than the inner portion, is advantageous
The change in direction of flow of the fluid in this way is accompanied by a

change in momentum of the fluid stream, which in turn creates a resistance to the
flow of fluid or a back pressure, allowing the flowrate of the fluid stream through the
choke assembly to be controlled. . A
15
Accordingly, in a further aspect, the present invention provides a method of
controlling the flow of a fluid, the method comprising:
introducing the fluid into a flow control zone having a general downstream
direction in which the fluid is required to flow, the fluid being introduced into the flow
20  control zone through a plurality of openings; wherein
fluid introduced through a first group of openings, downstream of a second
group of openings, establishes a generally toroidal flow pattern within the flow control
zone, whereby the effective cross-sectional area available for the flow of fluid
introduced through the second group of openings in the downstream direction is
25  reduced.

The first group of openings may comprise a single opening, or more
preferably a plurality of openings, in order- to establish the toroidal flow pattern within
the flow control zone. The openings are such that the fluid enters at an angle to the

30  radial direction of the flow control zone, most preferably tangentially into the flow

control zone.

The openings in the second group may be such that fluid introduced into the

flow control zone through these openings is caused to form a second toroidal flow



. 10when used with a choke el enent that has two, concentric portions. This

form of choke el enent has an inner, generally cylindrical choke portion of
a hard, r¥Qi2804P50katerial, such as tungsten. A general F’QT&RZPW(S‘B?%%I out er

portion extends coaxially around the inner portion and nay be forned of a
| ess resistant material, such as stainless steel. The form of opening
allows the fluid to pass through the 8diter, |less 15resistant portion at a
| ower velocity and only have a higher, nore erosive velocity when passing
t hr ough t pettérnneoviding lefuploertreductiods the eéfdctive lveosspeectionss atdaravaildbld foe cage

are shape bei re rved, wth_the c -sectional area
of the opgwrﬁ ff?gf &é@f?c'ﬁﬁg&g:ﬁ&?] ﬁg"‘?*’g\}ﬁ{t&g%ﬁ%ldr%S?ﬁg .O'Iﬁ}%nraiaqdéﬁéﬁ%r&rgtboésm ng

havi ng sub&opemingsinay lst emplghed orgeneratafurtbediesoida floagiatternso formin the cage
than a curved opening. Wiile nore difficult to fabricate, openings with a

curved profile may _be preferred as they provide an optinumflow pattern of
fluid §hrough Aheotagrewdd i thesmefhhds ept appegstusey theaaholeaspentsadf thecal about

their cen | S . e r , , eferred
ar'r angerm R PG s By Sipble 1ot st e e prARKED o1 s SRR T
openi ng, heoduced frére subtéganeanr walls; ingecticuian flidastreams exeddiced from @l ahidr ect i on
upstream f l. U} ' ration. This
has the e %se%’ I?sofAé?:g’{fﬁrEqILéﬁ’%ﬂg&%ﬁéﬁ&ﬁ}lﬁ%ﬁé&@@%ﬁ@fﬁlé)\/@fag? as it enters
t he openi mgtallatiartfer thageoce36ing obfdd piredras produced frorg@rseibterranban whlbke cage i s

formed, fr q%ély : 0 ; 2l enent ,
arr ang%d g%“ﬂ@%ﬁ"{ﬁfé?ﬁ%y r%sﬁﬁ%‘é%nﬁéf%f’@ﬁﬂ%src ﬂ@ di"ﬁhe&%@érgﬁ%ﬁéﬁ{ﬁ@%ﬁgl nner and
out er chokigearagyprodueattinimns sabterrameamorklisj inipadisulae $eosepparagioo pbgasagataro provi de
passage f ?rﬁd b gﬁééel; %ﬁPQ Protul]:?%ocrﬂg@str The ié’gér‘ﬁEmSJ&ggﬁpoﬁéﬂﬁn He Ry be
formed w openi ngs havlng e first, 'greater

subsea wells. It is commonly the case that water produced from a well is required to

be separated from co-produced oil and gas and pumped back into the subterranean

15 formations. The choke assembilies of the present invention may be advantageously

applied in the separation of water from a fluid stream produced from a subsea well,

allowing the water to be returned to the underground formations without the need for

the fluid stream to be produced all the way to the surface of the sea. Accordingly, the

present invention also provides a subsea installation comprising a.choke assembly

20  as hereinbefore described.

Embodiments of the present invention will now be described, by way of
example only, having reference to the accompanying drawings, in which:

25 Figure 1 is a cross-sectional view of a first embodiment of a choke assembly

of the present invention;

Figure 2a is a cross-sectional view of the upper portion of the choke assembly
of Figure 1, with the inlet assembly shown in greater detail,
30
Figure 2b is a representation of the fluid flow pattern in a portion of the iniet

assembly;



cross-sectional area and the inner choke cage el ement nay be formed with
openi ngs havi ng the second, |esser cross-sectional area. |In one enbodi nent,
t he openﬂﬁﬁgo?ﬂ)P%% outer cage el enent taper inwardly. ?ﬁg(HBQ%WW§¥1|n t he
i nner choke cage el enent may have a constant cross-sectional area al ong
their length through the 5el enent. The ratio of the first and second
cross-sectional areas is preferably i @6the range of from1:1.5 to 1:5, nore
preferably from1l:2 to 1:3. The openings are sized to provide a graduated,
nost pr ef er abl yigure Guoa krosgisactionb| represeytafiar oftthe fliid diod patteat withgn fi@ar ound

t he out si : - | 'y arranged opening and into the

i nner reg%ﬁﬂgo?és?ﬁ]gﬁgﬁgzééﬁeq%?ontgqﬁgﬁ'gé!‘ﬁrt her aspect of the present ‘
invention relating to choke el enents, there is provided a choke assenbly
conprising a c I lity of

openi ngs ther e?? Hﬁ%g 'Seggér‘btr?%%g?lgéggg% fbmwﬁ%ﬁew%h'ﬂ%gs%}a%t?or%veabI e wth
respectd t chamberefdiee chwke@sserablg of Figeee t;he openings in the cage; wherein the
openings in the cage extend tangentially to the cage, the cage conprising
openings arranged in a plurality of bands extending circunferentially

20ar ound t he cd&igare blirea cross-sectmnal iew lof asecondfembodinogrdof aghokd t he bands

i ncreasin tion of the cage. The arrangenent of
t he open|%ﬁggvﬁygf%EZ%%ﬁﬁqué&ﬁﬁ an accurate control of the flow of fluid
t hrough the choke, by positioning the plug with respect to the cage

25accopdi ngly tdRG S the

| ast ?g be covgﬁgﬁg§ﬁiﬁk} Qseﬁgﬁgﬂﬂé& g?ﬁgﬁc osedp %f Sggggfggﬁy

uncover ed oftherpresent ivemtioni s bei ng opened. In this way, as the choke |s
opened and each successive band of openings is uncovered, the
cross-sectional area available for the flow of fluid increases by an

i ncreasi ng anorigurew tisha stese-sectiopal tiew dba fourth embodiment of a choke _

assembly of the present invention;

15
Figure 8 is a representation of the fluid flow pattern within the separation
chamber of the choke assembly of Figure 7;

Figure 9 is a cross-sectional view of a fifth embodiment of a choke assembly

20  of the present invention;

Figure 10 is a cross-sectional view of a sixth embodiment of a choke

assembly of the present invention;

25 Figure 11 is a cross-sectional view of a choke element of the present

invention;

Figure 12 is a cross-sectional view of a portion of the choke cage of the choke
element of Figure 11 showing a detail of the opening therethrough;
30 | ’
Figures 13a to 13f are cross-sectional views through the choke cage of the
choke element of Figure 11 along the lines Section A, Section B, Section C, Section
D, Section E and Section F, respectively; and



30 Each band may have a different cross-sectional area of openings
than those adjacent to it. Alternatively, the bands may be grouped, such
that all YREGAHRSin a gi ven group have the sane crossPQEQ%VQWQW&Qbening
area, but have a greater area than the bands in the adjacent downstream
group. In a preferred enbodi nent, the 23 bands are in groups of two, such
that each pair of bands differs in crdgs-sectional area of openings to each
adj acent pair of bands. The openings in a given band preferably have the
sane cross- sectFiguned 14 aal 140l are dfegrametit reprasentatibng dfdluapfiow paferns) t he

bands havey, i r | e difference in the
Cross- sec?P%ﬁ@hégo:ﬁgaﬁgﬁ%Efggﬁc?‘%!éés)gg%t w@gﬁf F@Q&Séqi s achi eved by varying the

nunmber of openings in successive bands or groups of bands. For exanple, in
one preferred arrangenent, each band in the nost downstream pair of bands
have two openings. The bands in the adjacent pair of bands each have four
10openf ngs. Th&eatfing torftigurps i rapd Papthere isfshbamdsheke asseably, §eograity ngs. 1t is
p.refe”edir’?d'il‘%eot&ez.o?ﬁé‘{:m% dsQerﬁglg%gﬁgFi?&aé‘ nefalfy Tirﬁd?f%%p?dburs grlif erentially
with respect to oné another, T1h particular er e ‘adj acen ands are in the
sane groupadngahine endegenenalyrinditated as 6 opwldamadlet énd, generally indicated choke
assenblie f Al ot J ' r e wth
ospect 1 5 gnd e RRCRAC B BB ol Rl o2 EAGRIAETITRETRRL, ¢
nmoveabl e @i #Asacespeap 14 s mountedige thel houaingerlyy holtei1640 enclosamiperonitiet, t he pl ug
I's arrang pLca A0 t

| angi £ 0 o PRERBLERGEh i bl SERREGhod 21 BEnE BRI pRB el e, e
pl ug may pdditiorgptunctionsuasfalewsr i nsi de the cage, with the plug being

di sposed inside the cage preferred. It has been found that the arrangenent

of openings in the cage into bands allows for a different choking reginme to
be achi eved wi fThefirst hap ¢hbasacanfeal mandrel 18 extending therefrom coaxially within

the housing 4, the distal end of the mandrel 18 being formed with a cylindrical recess
15 20 to provide a housing and support for the upper portion (as viewed in Figure 1) of a
choke element, generally indicated as 22. The choke element may be of any
conventional design, with the arrangement shown in Figure 1 being of a plug and
cage type. The details of a preferred choke element are shown in Figure 11 and
described hereinafter. An actuator 24 is mounted to the exterior of the first cap 10 in
20  conventional manner. The first cap 10 and mandrel 18 are provided with a central
longitudinal bore 26, extending from the actuator 24 to the cylindrical recess 20,
through which extends an actuator stem 28. Thé actuator stem 28 is connected to
the plug of the choke element 22, again in conventional manner, and provides means
for the actuator 24 to move the plug longitudinally within the choke cage. The
25 second cap 14 has a central mandrel 30 extending therefrom coaxially within the
housing 4, the distal end of the mandrel 30 being formed to support the lower portion
(as viewed in Figure 1) of the choke element 22. The central mandrel 30 and second
cap 14 have a large bore 32 extending longitudinally therethrough. At its inner end,
the bore 32 opens into the central cavity within the choke element. At its outer end,
30 the bore 32 extends through an outlet nozzle 34 formed on the exterior of the second
cap 14, terminéting in a flange 36 of conventional design. In this way, the bore 32
provides a conduit for fluid passing through the choke element 22 to leave the choke
assembly 2.



25known choke assenblies. In the known arrangenments of choke assenbli es,
the flow of fluid through the choke elenents is controlled or choked by
varyi ng tWQ284%4483%dect j onal area of the openings in thePEREEROW WMt " in
particul ar the cage, through which the fluid nmust flow This choking regine
relies upon the physical barrier presented by the choke cage to the fl ow of
fluid. It has now been found that an 38alternative reginme nay al so be

enpl oyed. In particular, the passage of fluid through bands of angl ed

openi ngs, espedsatill pe seergiarftigut 1othermangkels 18, 3handthelobokaglemest 24| i sh f or

h band j , ' : ' ' it hi . Th
ehape. adotasy RS HAE e Aactlr fietbulnglep bl Pocnetul bt EaifO7
Fluid ent ];mrﬁiqtgirtcbpemt@h, seTvepana agparatianchapier éamAbaniet nozste 421forflyiast t he

tat . J .
openi ngs. ' B iRl plsvita b heTRkE SDAHe RouGnE RGBT NG |
i nwar d§ t d4pdissnventionibdesign.ebime bersihg it ipatvides withearr autiet 4G\ fprifiaidd of f | ui d
Causes. an Sl SRLINBHAFLSL Bl Yy oSS SRERK90T, R g e
openi ngs tlhegetais af thesepanatiers guaniandOptheririetl nozzief42rapddhe ngtiddaboell of 1 ui d

can provi i L for choking and controlling the flow of
fluid thrgggﬂd%tﬁ%tﬁﬁ)qﬁe{%a@gg%ﬁy. This use of the fluid itself to limt or

control the cross-sectional area available for fluid flow provides an

ef fectyve choki : | id I I I ry. |l ow rates
of shtégr. 10 A%Im%ﬂggéc%ggr%g@!Sn&gﬁl#g%??%fﬁeg?lé%g\%%?fz d["fyhga%ﬁ}?{% inthis
way i s acflengmd, doe pgnesallyraaraggeinantnaf ivdichusnsbdéwn imedottedilidessinfagure 1whi ch i n
turn crea : S St t 16 [ . e, allow ng
the fl ow %ﬁ é' o?ét? ﬁ@%‘%??a's? P égﬁﬁttaﬁrg%\‘agl 4I8hdgh‘%ﬁloise§2§€%ﬁ¥)%tgtﬁ%%e

cont r ol | egipel®, with the pipe beindiangled to allowasdlidmaterial 4s move alongéhegpipg ent ‘

| nventi on,pr.ouL §RSnigt éTBéJ‘Bf'%I%Ditﬁ 0%{}944;% Gﬂaé ?ﬁefdo%’l; PE dBterited byt Ne et hod
conpri si ng: . Irntroducing the T ui to a rlow control “zone having
a genébal thibvemined ameniure movernentof firg salids pententudf the fuid sigeam eingo f 1 ow, t he
fluid bei j | ; ; fgcﬁ]q 9] a plurality of
openi ngs; '&\?&gg?%éloﬁdl‘%%glh}, %{ﬂf’%%&{"?%%ﬁ%ﬁ%%fgug g't(% ??s’%‘?oup of
openi ngs, pirferablyrabaut B1°. & ereralinh, thedniet asseopbndthproyvides aae-camditorddayener al | y
t or oi dal lid B | r AuBFRAN thselEl ecti ve
Cross- sec?‘%rgvlgﬁélg&géa%af{/ug? Ft%lﬁab lgé pﬁ?g& Ovﬁgffﬁmi .Igwl}nt rgﬁuqed t hrough the
second gr pafh WihintherinryE0 Favsen seprsaiinn ofdaghenviesand dahtes Phases duthed,
20 stream to begin, with the heavier phases collecting at the radially outer region of the
pipe bore and the lighter phases moving towards the radially inner region of the pipe
bore. Figure 2b shows a representation detail of the fluid phase separation that is

initiated in the bore of the pipe 50 of the inlet assembly 48.

25 _ The infet assembly 48 is arranged such that fluid entering the separation
chamber 40 through the inlet nozzle 42 is correctly oriented with respect to the fluid
within the separation chamber. The orientation of the fluid entering the separation
chamber 40 is shown in Figure 3, which is a cross-sectional representation of the
inlet end 6 of the separation chamber 40 and the inlet nozzle 42. The incoming fluid

30 s oriented to have the heavier phases introduced adjacent the inner wall of the
housing 4 and the lighter phases introduced towards the central longitudinal axis of
the housing 4.



The first group of openings may conprise a single opening, or nore
preferabw a ‘r%l urallty of openings, in order to establish the toroidal flow
pattern PrIYHR11 | ow control zone. The openi ngs are SG(T,H}B[ZH%(OO?%}; fluid
enters at an angle to the 30radial direction of the flow control zone, nost
preferably tangentially into the flow control zone. 25 pattern, providing
a further reduction in the effective @Poss-sectional area available for the
flow of fluid introduced upstream of the second group. Third and further
groups of openiThgsompn@ﬂsamhbdryeicbndcﬁ @‘eheclanl«e dsaembigr2 arerauiadgéd fol ow

patterns. 5 eQ%E&%nB n%\ﬂe‘ﬂ #IXW atern R ﬂ |d WI at?\ ara M nof [, vari ous
aspects of esen [ nv bl e I"l/ 8 AR e in the
pr ocessi n@Oo#\ssthuwd irsFigeeend ttprr mMoeztlé 42)i$1a~r[dm9ed tcawam@dnauy into thar ti cul ar
fluid str %@E@raﬁ’cgn gté %r 460%8'|rllet %Q%IS%% h\'\glalrg?tgﬁgtﬁgrrtgoﬁgggyﬁc ||P]ed % frur t‘h_er

aspect, thé present invention provideés an Pcessi ng
of flup d shgledorthegongliudindl ém&nﬁtaebumlmg‘#aﬁaimutﬁm Ithat 1Darc amgle &3 Tfgorman
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separation Of Wwater troma trurd stream produced Trom a”subSea welT,
al | owi ng thhicahliove pattesn loéthedluid erderingdhe keparatiter grambed isf represented s wi t hout t he

noed 107 Eafed kUl SHAERFLAR URREANNSEHSAL Ind B MEN G rlitte B f2ce of the

sea. Accor invention a ubsea installation
conpri si ngraugbhiotocdirest eartdap Witd dise totating fibigifalieedylimdbe isepatation chambeEnbodi ment s

of the P’ pafra he'rﬂ}‘é‘?ﬂ-[éhé?ﬂermg fluud“‘&yoﬁ)‘éorﬂ@ dn&?edrev&ﬁmwhr% E‘Ee?;a”p' e only,

havi ng rererence ure 1 is a
cr oss1secseparationghambef 48 isf ¢aused mm;dldwnstr@fm af brdnet bose 88b rry fgther he

Port 1 on of- TV Estabishing t ARES R doh kO BFENL A Bifaen S, SRS
gr eat er détedntoming fluid and fluid rotating withln the separation chamber, the end cap 10 is
formed with a projection 54 extend along the wall of the housing adjacent the inlet
nozzle 42. The projection 54 presents a helical surface 56 to the incoming fluid,
20  forcing the fluid to flow in a helical path within the separation chamber 40. The
general form of the helical surface 56 is known in the art and described in
GB 2353236A.

It will be noted from Figure 1 that the inlet bore 52 opens into the separation
25  chamber at a distance from the end cap 10. This provides a volume of the
sepafation chamber between the inlet bore 52 and the end cap 10. This volume is of
use when processing a fluid stream containing gas and permits the formation of a
gas cap in the separation chamber 40 during operation, as will be described
hereinafter.
30
The separation chamber 40 comprises two outlets for fluid. First, fluid may
leave the separation chamber through the-choke element 22, as will be described
hereinafter. Fluid that does not exit through the choke element 22 is removed from
the separation chamber 40 through the outlet 46. In the region of the separation



30

Figure 2b is a representation of the fluid flow pattern i

n a

portion qf the inlet assenbly; 26 Figure 3 is a cross-sectional

represent‘gpizm'?/%?“llhe fluid flow pattern within the cho%’gT/é“Sllzgwo\f%f

Figure 1

along the line I-1; Figure 4 is a representation

of the

fluid flow pattern within the separati on 5chanber of the choke assenbly of
Figure 5 is a cross-séctional view of a second enbodi nent

Figure 1;
of a chok

e assenbly of the present invention; 10Figure 6 is a
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t he

rapproacies the outlet 46Fi gure 10 is a cross-sectional view of a sixth

t of a choke assenbly of the present invention; 25Figure 1
tional view of a choke el enent of the present
This may be achieved in a number of ways. Referring to Figure 1, a frusto-

conical flow guide 60 is disposed around the central mandrel 30 in the region
downstream of the choke element. The effect of the flow guide 60 is to reduce the
cross-sectional area available for the flow of fluids in the annular cavity between the
mandre! 30 and the inner wall of the housing 4. A generally cylindrical skirt 62
extends in the downstream direction from the downstream end of the flow guide 60.
A plurality of longitudinal conduits 64 extend through the flow guide adjacent the
mandre! 30 and serve to connect the region of the separation chamber 40
downstream of the flow guide with the upstream region.

As an alternative or in addition to the frusto-conical flow guide 60, the housing
4 may be provided with a conical or tapered form in the region of the separation
chamber 40 immediately downstream of the choke element 22.

Downstream of the flow guide 60 and adjacent the outlet 46, the cross-
sectional area of the separation chamber 40 is further reduced by a tapered flow
guide 66, extending upwards (as viewed in Figure 1) within the housing 4 from the
second cap 14. An alternative to the tapered flow guide 66 of Figure 1 is shown in
Figure 5. The features of the choke assembly of Figure 5 common to those of Figure
1 are indicated using the same reference numerals. The choke assembly of Figure 5
has the mandrel 30 formed with a tapered section 68 in the region adjacent the end
cap 14 and the outlet 46, such that the cross-sectional area of the separation '
chamber 40 reduces in the downstream direction along the tapered section 68.

Downstream of the flow guide 60, the choke assembly 2 is provided with a
plurality of vanes 70 extending longitudinally along the mandrel 30. The vanes 70 act
to inhibit the rotation of the fluid in the central zone within the adjacent region of the

separation chamber. In this region, it is preferred to maintain some rotational

lis a



I nvention; Figure 12 is a cross-sectional view of a portion of the
choke cage of the choke elenent of Figure 11 show ng a detail of the

openi ng tWErAPHHER®4h; 30 Figures 13a to 13f are EFELBAWABBA )
views through the choke cage of the choke el enment of Figure 11 along the

| i nes Section A, Section B, Section C, Section D, Section E and Section F,
respectively; and 27 Fi gures 3ka and 14b are diagrammtic
representations of fluid flow patterns during the operation of the choke
assenbl y obmpompntetolitie fliidfflows inngdérdo Maijntaiashel fluid th &aagitdies statesfoshown a

choke ass I nerally .indicated as,2. The choke assenbly conprises a
gener al | y%g%ﬁ{‘ﬁ&‘??%%irgﬁﬁ%'f‘% S(gl%ﬁg{ﬁ ﬁed’tghsqsﬁ?réﬁ'orénd, general ly indicated as
6, and an outlet end, generally indicated as 8. A first cap 10 is nounted
on the housing ts, 12 1o enclose the inlet end 6 secaond cap 14 is
nount ed on theTﬁ%ﬁg\fv%glhfsflﬁpz%ﬁap’sle%nq ﬁ"eeﬁ?gﬁ'@é' nfﬂ%mgﬂtﬁoe‘ﬁrofgéﬁbe of - the
housi njj. dhttet ¥b1is tordmtied by a fidweapisol bdseriitly AR coffoonverdiohal desigvni de sever al

addi tional functions, as follows: The first cap 10 has a central
mandrel 18 extending therefromcoaxially within the housing 4, the distal
end of the mantreperdt®nbtherapok®assethbly offFigurey N iand15i foadtione ae $slods20 t 0
provi de a housing and support for the upper portion (as viewed in Figure 1)

of a choke el enent, generally indicated as 22. The choke el ement nay be of
any convent i ondhe dperiation ofithe¢ bhekesasasemblygeivbe tesdnibed having refercaecd tdeei ng of a

i gar 11 PR Rie S5 EbApSbad ol BB AR FRIES SFBRRbER (o he
exterior tybicahef o fluid strezep pdoduced 260 @rsvbteriaoeart wethnimehis fliltestfeamsthecap 10 and
mandr el 1§gh%s? lei%%Y\iagg % tma tggs.aOFﬁgtli{ﬁ'ld phases, oil is the lighter phase and water
is the heavier phase. The solid material, as it is entrained in the fluid, will behave as
the heaviest fluid stream. [t will be understood that this fluid stream is merely
15  exemplary of the fluid streams that can be processed using the choke assembly of

this invention and the scope of the present invention is not to be limited to such fluid

streams.

Thel fluid stream is introduced into the inlet end 6 of the separation chamber
20 40 through the inlet bore 52 of the inlet nozzle 42 from the inlet assembly 48. The
action of the inlet assembly 48 has been to precondition the fluid stream and initiate
. separation of the fluid phases. The fluid is introduced into the separation chamber 40
as shown in Figure 3, such that the water and entrained solids are concentrated at
the inner wall of the housing 4, with oil and gas being introduced into the separation
25 chamber 40 at some distance from the wall. This orientation of the fluid phases
matches that assumed by the various phases within the separation chamber 40. The
effect of the angle of entry of the fluid and the helical fiuid guide surface 56 is to
cause the fluid to flow in a helical pattern, moving generally downstream in the
separation chamber 40, as represented in Figure 4. The gas separates from the
30 liquid phases and forms a central gas core, stabilised by a gas cap formed in the inlet
end 6 of the separation chamber 40 above (as viewed in Figure 1) the inlet 52 and
adjacent the end cap 10. A gas/liquid interface will form within the separation
chamber 40, as represented in Figure 4, with the liquid phases forming a lining
around the wall of the separation chamber 40, surrounding a gaseous core. The



| ongi tudi nal bore 26, extending fromthe actuator 24 to the cylindrical

recess 20 through whi ch extends an actuator stem 28. The actuator stem 28
i s connecV@3'PP4& plug of the choke el enent 22, agai nPCRGBAPANEIAnal

manner, and provides neans for the actuator 24 to nove the plug

| ongitudinally within the choke cage. The 25second cap 14 has a central
mandrel 30 extendi ng therefrom coaxi al3y within the housing 4, the distal
end of the mandrel 30 being formed to support the |lower portion (as viewed
i n Fi gur e iftgrfade wili bachteaeabmndoiv’ EﬁapeTﬁmwmnFi‘@lre aBithe thaﬁlqauad second cap

14 have a | ar ore endln |tud| ethrou . ts inner
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housi wal | adj acent the second cap 14 at the outlet end 8. The details of
t he séparation chanber 40, the inlet nozzle 42 and the outlet 46 will now
be descri bed iﬁ'hmhekejdem'ehtZZh@Abo‘atad\ditﬁlmthetseaalsaﬂumblyam&ridm sachittett ed to
the inlet nozzle 4
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causes seﬁa I'0n hases i n e 20streamto
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the p%Be bore gnd h%g\ﬁenj ﬁlﬂ%b@%sﬁg,ng%géﬁgﬁybvggerta%\@ﬂpé?é#‘?m{dé | y i nner

regi on of the pipe bore a represen ron of the
f1 ui d phaslewsstpsanaof tha choket elementi2 arat passitive cdnicah tiow goidettile Tﬂmepe 50 of the

| nil et assqp) exs.ﬁgcro%ﬁ@a.anal Stba IARATRE ¥eHfatioh AHahibRPSE oS e MidAdw | Ui d

entering t
downstream causes the density of solids to increase in the fluid phase. The skirt 62

extending from the flow guide 60 provides a calm region immediately downstream of

25 the flow guide 60. Lighter fluids, in particular gas and oil, entrained with the water
and solids collect beneath (as viewed in Figure 1) the flow guide 60 and flow
upwards through the conduits 64 to pass through the choke element 22. Rotation of
the water/solid mixture downstream of the flow guide 60 is damped by the vanes 70,
allowing the separation of lighter and heavier fluid phases and solid material to occur

30 through a combined rotation and gravity separation regime. Water and solid material
are withdrawn from the separation chamber 40 through the outlet 46, under the
control of the flow control assembly 72.



chanber 40 through the inlet nozzle 42 is correctly oriented with respect
to the fluid within the separation chanber. The orlentatlon of the fluid
entering YRe! @éﬂﬁgﬁﬁét i on chanber 40 is shown in Figure 3 PCRATRAA0H Q331
cross-sectional representation of the inlet end 6 of the separation chanber
40 and the inlet nozzle 42. The incomng flui'd 30is oriented to have the
heavi er phases introduced adjacent thé3inner wall of the housing 4 and the
| i ghter phases i ntroduced towards the central |ongitudinal axis of the
housi ng 4. 29 Referring ton@urecmmme Rtshowh atfb&hérrdnﬁﬂodeﬁd\%f chhblhf choke

assembl y 2 are arran creat escendi hel i c w pattern for the
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nozzl e 42 thessang gmal atrmngaaenttafndgmntngmhﬂnqn agthat éfh?agusecparaaﬂ Bcamdalli@nber 40.
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for exanplaed 5range fromO to 25. This angl ed entry ensures that fluid
entering the separation chanber 10is caused to follow a helical path
downstream wi thin the separation chanber 40. The helical flow pattern of
the fluid enteMhaghthecassepiblys? bfd?igwb&rdmefrpriises aeppesmmm¢1imwblgueef4 The
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descri bed adjacent the housing 4. The first fluid outlet 116 terminates in a conventional flanged
coupling and is arranged with an opening that is tangential to the separation chamber
114, so as to allow the efficient removal of liquid from a rotating fluid stream in the
20 chamber. The separation chamber 114 has a second outlet 118 extending from the
end of the chamber distal to the housing 4 and terminating in a conventional flanged
coupling. Again, the second outlet 118 is arranged to have an opening that is
tangential to the separation chamber 114. The cap assembly 110 comprises an end
cap 120 mounted to the end of the cap assembly and closing the separation chamber
25  114. A choke actuator 122 of conventional design is mounted on the exterior of the
end cap 120.

As described hereinbefore and shown in Figures 1 and 6, the mandrel 18 has
a central longitudinal bore 26 in which is housed a stem 28. In the embodiment
30  shown in Figure 6, the bore 26 extends through the end cap assembly 110 and
opens into the separation chamber 114. A further longitudinal bore 126 extends
through the end cap 120. A stem 128 extends from the actuator 122 through the
bore 126 in the end cap into the separation chamber 114. A stem conduit 130 is
connected to the free end of the stem 128 within the separation chamber 114 and



GB 2353236A. It will be noted fromFigure 1 that the inlet bore 52 opens
into the separation 25chanber at a distance fromthe end cap 10. This

provi des WOBYPIHESOSf the separation chanber between thePCH{ER20¢841085282 and
the end cap 10. This volume is of use when processing a fluid stream
containing gas and permts the formation of a gas cap in the separation
chanber 40 during operation, as will Bé described hereinafter. 30

The separation chanmber 40 conprises two outlets for fluid. First, fluid may
| eave t he extepds Hirough tbbbnitec?6 inltheocahassesbiyhiotodhe ckokenglerd@nt 22s Thel | be
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choke assenndyt 180 is opeméat the ead witbinitieel chaketeiement @2 anderovidasadn autiebfoof f | ow

avai | abl e it hi ' 4 a . utl et 46.
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is to redﬂég%t eelég%l?ﬂégé-pqsdggl{t?gﬁéﬁg%rtga avg}gl-gggld'ét%g@ht e'cﬂﬂgc\j/vmgg fluids in
t he annul avedha stgmiondeit h3Q ard enterdthelsep@ratierdchamber rié in ardtatingffloavhe housi ng
4. A ggnerglly cytindrical skirt 62 extends in the downstream direction
fromthe downstreamend of the flow guide 60. A plurality of |ongitudinal
conduits 64 extend through the flow guide adjacent the nandrel 30 and serve

h | [ i he fl
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guide with the upstreamre ve or ol to the
f r ust o- coplacalof fhewndgpapdéd b the eullet ersli§ pfidpe assembly. The cap assembly 140

is secured to the housing 4 by means of bolts 142, in conventional manner. The cap

15 assembly 140 comprises a central mandrel 30 of the type shown in Figure 5 and
extendirig coaxially into the housing 4 to support the choke element 22, as
hereinbefore described. The central mandrel has a longitudinal bore 32 extending
therethrough. The cap assembly 140 further comprises a fluid collection chamber
144 formed by a tapered cavity extending longitudinally within the cap assembly 140

20  from the bore 32 in the mandrel 30. The cavity is tapered so as to widen in the
downstream direction towards a fluid outlet 146 terminating in a conventional flange -
coupling 148. The fluid outlet 146 is arranged to have its opening extending
tangentially from the collection chamber 144. An end cap 150 is mounted to the cap
assembly 140 and closes the collection chamber 144. A cylindrical vortex breaker

25 152 extends from the end cap 150 coaxially within the collection chamber,
terminating downstream of the bore 32 in'the mandrel 30. The vortex breaker 152
serves to prevent a gas vortex extending from the choke element 22 downstream into

the collection chamber 144.

30 Operation of the choke assembly of Figure 6 will now be described, using as

a reference example the aforementioned fluid stream.

Operation of the choke assembly upstream of the choke element 22 is as
described hereinbefore with reference to Figures 1 to 5. Passing through the choke



4 may be provided with a conical or tapered formin the region of the
separation chanber 40 i medi ately downstream of the choke el enent 22. 20

Downst r ea¥PPIYHE | ow gui de 60 and adj acent the outl et P4E/CRAWIHLS.

sectional area of the separation chanber 40 is further reduced by a tapered
fl ow gui de 66, extending upwards (as viewed in Figure 1) within the housing
4 fromthe second cap 14. An alternatid?e to the tapered flow gui de 66 of
Figure 1 is shown in 25Figure 5. The features of the choke assenbly of
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choke assewhl \Ligiid andkealter iuidseslichasiail gnd efiesren@etities of water, entrained
in the gas migrate to the radially outer region of the separation chamber 114 and
pass to the outlet 116. Gas entering the separation chamber 114 collects in the
central region and exits through the outlet 118.
15
Heavier fluid phases, in particular oil and minor quantities of water and
entrained solids, leave the choke element and flow downstream along the bore 32 in
the mandrel 30 to the collection chamber 144 in the cap assembly 140. The
tendency of the rotating gas stream to vortex downstream into the collection chamber
20 144 is damped or inhibited by the vortex breaker 152. The liquid, still flowing in a

rotating flow regime, leaves the collection chamber 144 through the outlet 146.

Referring to Figure 7, there is shown a further embodiment of a choke
assembly according to the present invention. The choke assembly of Figure 7 is of
25  the same general configuration as that shown in Figure 6 and described above.
Features and components common to the assemblies of Figures 6 and 7 are
indicated using the same reference numerals.

The choke assembly of Figure 7 differs from that of Figure-6 by comprising
30 two fluid inlets for introducing fluid into the separation chamber 40. A first fluid inlet
202 is provided in the housing 4 and is disposed between the choke element 22 and
the inlet end 6 of the housing. The first inlet 202 terminates in a conventional flange
coupling 204. The inlet 202 is an angled, tangential inlet having the same
arrangement and configuration as described above and shown in Figure 3. An inlet



10nul ti phase fluid stream conprising gas, oil, water and entrained solid
particles, typical of a fluid stream produced froma subterranean well. In
this fl ui‘aoszg&é’éﬂﬁ“the lightest fluid phase is the gas. PEI/GHIA0Y0532 ¢
phases, oil is the lighter phase and water is the heavier phase. The !solid
material, as it is entrained in the fluid, wll behave as the heavi est
fluid stream It will be understood tBft this fluid streamis nmerely 15
exenplary of the fluid streans that can be processed using the choke
assenbl y @bsernibly 206 isssonnected tecthe irdetsA0@mmddias ttheggresaleonfigunateomt i on is not to
be limte ; Ul T L t. s jntrodyced into the
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chanbe) 4@ndoptdralnsispeRdepiorerdrairedsilid haterishe wat er and entrai ned sol i ds
are concentrated at the inner wall of the housing 4, with oil and gas being
i ntroduced into the separation 25chanber 40 at sone di stance fromthe wall.
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solids will concentrate and mgrate to the radially outer region of the
separation chanber 40 adjacent the inner wall of the housing 4. The action
of Overall, the operation of the assembly of Figure 7 is as described above with

reference to the choke assembly of Figure 6. A multiphase fluid stream comprising a
major portion of liquid phases is introduced via the first inlet 202 into the séparation

20  chamber and forms a helical flow regime below the projection 54, which presents a
lower helical surface of a dual wall ramp 56 to the flow. A predominanﬂy gas stream
is introduced into the separation chamber 40 through the second inlet 210 directly
into a gas cap formed within the separation chamber 40 upstream of the first inlet. A
projection 55 presents an upper helical surface 57 of a dual wall ramp to the

25  incoming fluid. The general flow pattern within the separation chamber 40 is
represented in Figure 8. As shown, a gas/liquid interface is established, with the
liquid lining the outer wall of the separation chamber 40 and surrounding a gaseous
core. Entrained liquid droplets in the gas stream entering through the second inlet
210 are captured in the liquid phase. Similarly, gas present in the liquid stream

30  entering through the first inlet 202 is caused to leave the liquid phase and enter the
gaseous core. The remainder of the operation is as hereinbefore described.



5mai ntai ning a gaseous core within the liquid "bow', prevents |iquids and

entrained solids fromcollecting in the central region of the se@arati on
chanber . WRiZ8%HO04r n requires the |iquids and entrai ne@CLEH2AE/0828 o) | ect

inthe radially outer region, adjacent the wall of the separation chanber,
where they are subjected to higher centrifugal forces, further . enhancing
separation of the phases. 10 THé choke el ement 22 is located within
t he separation chanber 40 such that the gas/liquid interface intersects the
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concentration of solid material remains in the separation chanber 40. The
fluid stream passing through the choke el enent 22 enters the bore 32 in the
mandr eb 30 and Reéammgstat figurel$h kerassbnih a farthdrreougphlinidrd obatchete 34 in t he end
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cal m r egi the detaisdif sthidhyard @gfidlomsam of 25t he fl ow gui de 60. Lighter fluids,
in pargicular gas and oil, entrained with the water and solids collect

beneath (as viewed in Figure 1) the flow guide 60 and fl ow upwards through
t he condui ts 64heengasp separatiayrasshmblyl2Ref Hecansamblof FRptre Biiomoufted he
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Fi gur es 1 bared3Zinamgimahdre! and widening in the downstream direction. The generally
cylindrical separation chamber 204 is closed by an end cap 208, mounted to the end
cap assembly 200 by bolts in conventional manner. The end cap 208 has a conical
20  projection 210 extending into the separation chamber 204, to reduce the cross-
sectional area of the separation chamber 204 in the region immediately upstream of
the end cap 208. A cylindrical conduit 212 extends through a bore in the end cap
208 and coaxially into the separation chamber 204. The cylindrical conduit 212 is
provided with a plurality of tangential openings 214, through which fluid from the
25  separation chamber 204 can enter the conduit 212. The distal end of the conduit is
closed and is capped by a vortex arrestor 216, extending coaxially within the

separation chambe/r 204 towards the opening of the conduit 32 in the mandrel 30.

A first liquid outlet 218 is mounted to the exterior of the end cap 208 and
30 provides a flowpéth for fluid leaving the assembly. A second fluid outlet 220,
.terminating in a conventional flanged coupling, is provided in the end cap assembly
200 adjacent the end cép 210, for fluid leaving the separation chamber 204.



conmponents and features common to both enbodi nents are indicated using the
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convent i ordtiatds taqgeatiss thephesevied liguid phases xiatari tormigfate teethe igdter aal!l oPthe As

descri bed i nbef i I QU . 18 has a
central | 8%@%% cﬁ\gﬁb%g?@ﬂﬁ@ﬁ%%@@@r?gu@gnéseeg%g, tgtcgﬁn&%g.g%pﬁqﬁie

enbodi nentadi@lp cehtoalmegion. FDijgathe@d in tas bentwal Bgiampasaesthraugbdbg t he end cap
assenbl y byt i

ongt ¢ udi e oBRIRs AR i aralR B2 bh Rosis B Nirp tedloh S 5L <. enas
from the oap 268 torthe Azt pitted 4B Theobtakes ar epwardsflewpatd ayapa iavelweihe
separatio 114 t it i t end of
the stem ?ﬁ%%@ﬁ%ﬁahg‘r@e@aﬁﬁﬁ%ﬂgtvha%%? tﬁﬂgﬁﬂqﬁgﬁdp&ag ee’n E‘a[r{?ﬁfgugh t he
bore 26 i thetdeparatipn abarabdsl 2p4ianddlowh alowhstkeane tactve iseca®l outiab22hin thedr t i on  of
the stem 89&‘?&; %%s%ﬁ%h){vithi n the choke el ement 22 forns the plug of the

choke el enen e stemconduit 130 is generally cylindrical and has a
| ongi tudi nal bore 132 extending therethrough along its entire length. The

bore é(?’ 2.int hﬁe?etrr?r@ to Figure 10, there is shown an alternative embodiment of the
choke assembly of Figure 9, having two fluid inlets, as shown in Figure 7 and
described hereinbefore.

As noted above, a preferred choke element for use in the choke assemblies
25  of the present invention is one in which the fluid passing through the choke element
is caused to flow in a rotational flow regime within the choke element. As noted
above, this rotational flow of fluid allows for various separation stages to take place,
enhancing the processing of multiphase fluid streams using the choke assembly. A
preferred arrangement of choke element is éhown in Figure 11 and will now be
30 described. '

Referring to Figure 11, there is shown a choke element, generally indicated
as 300, in place in the choke assembly of Figure 1. It will be understood that the
choke assembly 300 is not limited in its use to the choke assembly of Figure 1 and



5conduit 130 is open at the end within the choke el enment 22 and provides an

outlet for lighter fluid phases to | eave the choke el enent in operation.
The end p¥PPEW4BT1t he stem conduit 130 extending into PREEZPEYNEI2An
chanmber 114 in the cap assenbly 110 is provided with a plurality of

tangenti al openings 134, through which fluid may | eave the stem conduit 130
and enter the separation chamber 114 38 a rotating fl ow 10pattern.

The choke assenbly 2 of Figure 6 further conprises a cap assenbly 140, in
pl ace of tche equallycegll bbdappiied methe ohdiet assemibiiesodf otfes eatwdindngs ofthe cap

bl 0. is. housi . . ,of._bol 2, i
convent ] obieehERREHEhTis ML a il sRioies I EE R P8 I B8l S ranairel 30
of the typwestmuwnThenleffihgnd sid® ofiRigumext festewsdhe olaokead|éryemtrin thetfilly housi ng 4 to

support t . el 2 [, ei f.ore descri bed. The central

mandr el hggségﬁgﬁ%?Q‘W%;qe rﬁzrch gg%cggg%’@ﬁgif'ﬁﬁretsﬁ'gyvgtﬂher %&é(ﬁ.elemeen%é%p assenbly
140 f ubt héhre futnpperspssiteonf | ui d col | ecti on chanber 144 forned by a tapered
cavity extending longitudinally within the cap assenbly 140 20 fromthe

bore 32 in the mandrel 30. The cavity is tapered so as to widen in the
downst r eam di r dbeicboke elemedts3Q9 i§ bifhd pugt dreltcagé Gatiety mnd @bmpgsésma a

convent | ogaher b AARARABLIIS AR g e L BYibB a0k 4ia'sh Rfdanged 9 have

its openi Ag éext’endl g ta ro ectron cha 4. An end
cap 150 i portion30éarrangedeonceaptriedllye ke puliet Gagenportibm §68 ist suppeoréd ect i on

chanb 1 i i : f. d cap
150 cddxi BFMente ARkl % YRR rBRTA Eha S AIE AR il ekl £ 77
bore 32 i 20timtheresndcf die rBONdrEhES arst the madndesh B extebadingdromethetendpapaént a gas
vortex extendi t gﬁpﬁ r i - | ection
chanber 15&. gglggf)'ﬁeér'gﬁeoﬂ%gg @%ﬁﬁen@hg e aggéor{ﬂﬁ zlggg% %?\gbr"gtcgm\tgnn??'%ﬁj&m be
descr i bed 308 dispgseatwithin tfeeragn S82eTherplug A0Bds edroeetedrin comedtiénali d st ream

35 cage i g A0k Witfle %ﬂé S?tﬂh%PéEP&é%h@ﬁdiﬂ%ﬁ%%e B%E{o?ﬂm%hte%%é \hd he 11 ghter
l'iquid phase, oi'l. Some m nor anounts heavier 11quid, water, and solid
mat erilal way abibe dnetrenidrod the mousing. [In i wandaruihg phig I mMayhe molvette el enent i s
arranged I | fluid. £ ow i it choke cage.
The- dot ai | OFIEAR N &Rake BV fredpt oy RANch NI B (hobl R

r ot at i onalactidnoaftiheegétuatocauses the |iquid phase to migrate to the radially
outer regions of the cavity within the choke el enent and the gas phase to

collect in the central region. The gas flows fromthe choke el enent into
the bore 132 i Astiotedsthenshobe dlgnment 300 shewvrfin digsyire Al bag thet eg dispesedexi ti ng

thr Ou%‘ t Qﬁhﬁ?ﬂ?ﬁ%&é 31{ wm%mﬁagﬁstwh.ét%g pFe@@nﬁﬁ\F@ﬁiaﬁ ie%r&!%@%%ﬁilgrld" The

arrangenment o
choke element, but in which the plug is disposed outside the cage. To achieve a

‘'shut-off' that is complete closure of the choke assembly, the plug has a seat 309
which seals on a cage shoulder 307.

25 The cage 302 is provided with a plurality of openings 310, through which fluid
may flow from the separation chamber 40 into the central cavity within the choke
element 300. The openings 310 are formed to extend tangentially through the éage
302. Referring to Figure 12, there is shown a cross-sectional view through a portion
of the choke cage 302 showing the form of an opening 310. Each opening 310

30 extends through both the outer cage portion 304 and the inner cage portion 306. The
openings are generally rectangular in cross-section. The portion of each opening
extending through the inner cage portion 306 has a constant cross-sectional area
throughout its length. The portion of each opening extending through the outer cage
portion 304 is tapered, with the cross-sectional area of the opening at the outer



10t angenti al openings 134 causes the fluid in the separation chamber 114 to
rotate and swirl. Liquid and heavier fluids, such as oil and m nor

quantiti e¥0 SPOUUPW “entrained in the gas mgrate to t hECTEd2AY 3Bt er
region of the separation chanber 114 arid pass to the outlet 116. Gas
entering the separation chanber 114 collects in the central region and
exits through the outlet 118. 15 40 Heavier fluid phases, in particular
oil and m nor quantities of water and entrained solids, |eave the choke

el enent aﬁdrfaideomf/tfm)wtetta'@arpoaionmrtgeingwidbstrme&behingttémeringr'rrda eadidl to the

otating TuEETRReoY Sucptife ERRRSBPENN] Hapisuset LA G e Shindber 20144

i s danped portion mhihbnmrmd cbge porion.0A$ eIxon md-‘ngure]iEZtheTmrlof theiapensgi | | 1 ow ng
in arota f [ | through the.
out | et 14@69'%&\ rle{(rﬁ\réllorlfgegt g&$P$ﬁ§‘X§§4 é%g'%m%&ﬁo urt?ﬁé’?t BHDdi rent of a
choke &sse&mrge dmctwrdofrf@uctfdpw areupd &reaMSIdmafethe cage, a§hr&ilccmeﬂ<by asewsibl y of
Figure 7 i,s of 25the same general configuration as that shown in Figure 6

and descri bed above. Features and conponents conmon to the assenblies of
Figures 6 and 7 are indicated using the same reference nunerals. The choke

asserbly of Fl GHE folr Shdd o SR oot AHLER, i BETREAIN 30t W0, 1 i d

inlets for introduci'n sep arat Afirst fluid
i nl et 2020p®1npgsoantndgas ithe fﬂumétﬁnmithsgm@pamsar'f&je pstedcagmwﬂomé@%éwmdde choke

el emepg Zﬁ'or%nsqalﬁlggs ét@LJIEtTuﬂgg $ llSO; vén@%arbngfeﬁglz be}%?af{] ttd érIOﬁfoB %ﬁ‘%ggr

t erm nat es coupl i'S’an
angl ed, tamgehenusaa brittie enatérial ang) lstéasllysﬁaﬁuradn@ngenmut bgprdiccmaferigur ati on as

descri bed \a00N 549 e B0RMas o &Hig 566, Beirg br'sMifibss stSe!, while less resistant
to erosion, is less brittle than the tungsten inner portion and better able to resist
fracturing under impact.
15
The fluid flow patterns in and around the cage 302 are shown in Figure 12.
Fluid in the separation chamber 40 is flowing in a rotating pattern around the exterior
of the cage 302, as indicated by arrows A. As the fluid passes the outer end of an
opening 310, a portion of the fluid is directed into the opening, as indicated by arrow
20 B. The offset in the taper in the outer portion of the opening reduces the shear
experienced by the fluid as it enters the opening 310. 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 310 introduces the high velocity fluid into the inner
25  cavity tangentially, as indicated by arrow C. As a result of the tangential entry, the
fluid within the inner cavity is caused to rotate, as shown by arrows D. Thus, the
incoming fluid indicated by arrow C is caused to change direction, as shown in Figure
12, and follow a flow path close to the inner surface of the inner cage portion 306.
Overall, this pattern of flow reduces the degree of shear to which the fluid is
30  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
particles entrained in the fluid are caused to take a circular path within the choke
cage 302, rather than impact equal and opposite fluid jets within the cage, as with



assenbly 206 is connected to the inlet 202 and has the general

configuration described herei nbefore and shown in Figure 2a. The inl et
assenbl y WQWO49PY1pr econdition the incoming fluid stredn/ER0GA2bed
above. The first fluid inlet is for a nultiphase fluid stream in

particular a stream conprising nulti pI e liquid phases 5and optionally
suspended or entrained solid material 41A second fluid inlet 210 is provided
in the housing 4 and is disposed between the first fluid inlet 202 and the
i nl et end cBoksf asskmbliesusfiqogveritiraisiesignd This|signifita6tiyt redotesfiuid shear,a

convent i O%?Asnc{ '?rgeec&% d'fgﬂjrg%es Iﬂﬁe cﬂ&l&t Igﬁllgdt' s an angled, 10

t angenti al arrang enent configuration as described
above and shown in Figure 3 An i nl et assenbly 214 is connected to the

niet 210 and RasableyBRRGRt, SUANGRY AY dBpeLidictisc sl ahslope, and

shown in Figure Serves to € incomng
fluid &t r@anqis a@md&smhoneldIIMEpugﬂW@ sie dowoistfeam dandsldlthe shokelcage

Tl {1 pNas o5 b thodlf #Burdd wuﬁmsﬂo%m&mga%ﬂw it PIGRH"
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with ref efencetp,t i i) 2RI UpsBEaLaH SrBur/h LI PR, gt 6 St ream

conprising a | or por ases I's In rod ed vi'a
i nl et 202 openitgs éreanged @t 480°dn e20t bhrber oppasingmides of tmeatageabutrdff@at b)egl rre
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wall ra omnantly gas streami1s into the
separ at i oahmwﬁﬁgurﬂd 3¢ hn@bgﬁfquhepwmmramleétat 20°0o¢iack othey aionnd the gas cap
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proj ection presents an u

t he 25i nciavr agerings with 7HE° gpasindakgdin offseddrometha faurtomenings ef tbe@djaaemton \
chanmber 4 ol [ : / rface is
cat abl | snagvislRRY ERRMPE ThbBHiGarPpalSr et sfbwiiR AR Fad e
chanmbéy 403%napmbmx5uwm@ﬁgﬁaoga@mmus core, Entrained liquid droplets in the
gas streamentering through the second inlet 210 are captured in the liquid
phase. Simlarly, gas present in the |iquid stream 30entering through the

first inlet 20Movementnfée plug BEdnagitudinally yithin the gage aPialavisdhe pArdsyaseous
core. Thef SIEiHides bOToldted ARELALIVERED SeftndiMeUpoR R PERidHEsHEhd DB -

thereby allowing the flow of fluid through the choke element to be controlled. With

20  the plug in the position shown in the left hand side of Figure 11, all bands of openings
are covered and the choke element is closed to fluid flow. Movement of the plug 308
from the closed position first uncovers the band shown in Figure 13a and then,
successively, the bands of Figures 13b to 13f, until the fully open position shown in
the right hand side of Figure 11 is reached. It will be appreciated that movement of

25  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.

It has been found that the arrangement of the tangential openings 310 into
30  bands, as described hereinbefore, induces a particular flow regime, represented in
Figures 14a and 14b. As described hereinbefore and shown in Figure 12, the fluid
entering the cavity within the cage element is caused to flow in a circular path
adjacent the inner surface of the inner cage portion 306, that is form a rotating band
of pressurised fluid in the radially outer region of the cavity. The pressurised



37 The choke assenbly of Figure 7 is particularly useful in the

pr ocessi n‘g of Ia{)l%e vol umes of both gaseous and liquid streans, where it is
requi red W8 2P, Tentrained liquid fromthe gas and toPF&(GERB/MIRLS £ om
the liquid stream b5Referring to Figure 9, there is shown a further

enbodi mrent of a choke assenbly according to the present invention.- The
choke assenbly of Figure 9 has the saf® general configuration to that shown
in Figure 6, with the exception of the end cap assenbly 140; which is

repl aced logntafugahnishndayf fleidp@0 ehenataastsethib ldpwasttsant bandlefiqpehimgsis whi ch are as

f ol : - L.Of \ Qf.
Lol 01, Moy oy P45 R 16, TEOBEE S P RRET R R Bl HSaR ™Y ©
conv_en]t : on;blrr]nemgsrmr?sffé??zmm%meﬁm?Fﬁli%thbgsamrifﬁodg?t isﬁiibl\;\gm;d;diamg .

. , Y
ahown i n” helin'eSuref % 3 tany ol i iresf 846 Bles iR RREAEA ) G,
selpfar_gﬁ! obhacdhdddsrio Péice Teeeffactive crose pestiahalanea beailable faCthe flewgéfigdal |y
bore 32 1 Arichfl HEPLe SRMeAS ) BuleREbhe BREH BN ERENERHls [ on. The” |
gener al | y poassumstdiceatrifigapbarat ofdluidcdwisaea hfdraulicschoke sethelfipweof fleidd cap 208,
mount ed | AR & aaP BBl e M oA o o GRRVARS OS Gy gRner . The

end cap 2 as a conl ca proj ection nt o e separation
chanmber 2@tmet by tiexadjacant epsireagsbarsbaftopeniags, avhéch adts tdfertsepedateitbe chanber

204 ipyth ' LI ' e f . A cylindrical
condu?? Zgg&g%gﬁj&é '%gﬁt?dém%%eé ag%fayﬁ fﬁpih%edoy#gtr%lﬁ ﬂﬁ@% f ﬁ% "coaxially into
t he separation chanber 204. The cylindrical conduit 212 is provided with a

Dsseparati on chasar BirSRE Yaathe chde bRRHER M BbFardfied oG o .o
condui t i sitbitiesgldg 308lin & ioteppediateypasitioo betveearthefitlp operi and &ily clededhg
R I L T R
ext eri®dr bpdrable cholle eatpro@ithirating choke cavity is represented. In Figure 14b, the plug
308 is in the fully open position, with all bands of openings uncovered. The hydraulic
choke action of successive fluid bands is shown. The fluid entering the cavity
through a given band of openings must flow in the general downstream direction. To
- do this, the fluid is caused to flow inwards, past the pressurised centrifugal band of
20  fluid established by the fluid entering the adjacent downstream band of openings. As
shown in Figure 14b, the cumulative effect of the pressurised centrifugal bands of
fluid results in the fluid entering the choke cavity through the most upstream bands of
openings having a very limited cross-sectional area available for flow past the
downstream fluids bands.
25
The hydraulic choke action of the pressurised centrifugal fluid bands acts in
addition to the physical choking action provided by the flow of fluid through the
openings in the choke cage. Thus, the choke employs three different mechanisms
for choking the flow of fluid: the mechanical choking effect provided by the fluid
30  flowing through restricted orifices (as with conventional choke designs); the hydraulic
choking effect caused by the rotating bands of fluid within the choke cage providing
resistance to the entry of fluid into the cage; and the hydraulic choking effect of the
bands of fluid creating hydraulic orifices (as shown in Figures 14a and 14b) providing
resistance to the general fluid flow within the cage. The hydraulic choke action can



30provides a flowpath for fluid Ieaving the assembly. A second fluid outl et
220, ternlnatéwg in a conventional flanged coupling, is erovided in the end
cap assem¥ 03¢4j acent the end cap 210, for fluid | eRG¢TIRPHWOSEbar ation
chanber 204. In operation, the choke assenbly of Figure 9
perfornms as descrlbed above with reference to Figure 6 upstream of the bore
32 in the nmandrel 30 extending fromtHKé end cap 140. In the choke assenbly
of Figure 9, fluid, predominantly lighter liquid, in particular oil, with
sone entr é:iermmbldJM\Ibeontmldfm fthw offalid dewnssreem, of theoetokd ethonerd it das f rom t he

bore 32 i r a t he se ratlon
chanber glzlé IQ(?}‘%{EE%% O? g’g%%gglﬂgﬁg&t%ﬁ%'&g%aéﬁ% %fgf%gﬂgﬁ@ h[ SO Sf gas
fromthe @h&eeshekes‘emenﬂzublmaé aoniddbevexpesencgdima icohventibreal pgaaraitdaga chanber
204 IS pr%¥8Q§$%ep% he vortex breaker 216, resulting in a substantially
iquid stream i g through the separation chanber 204. The liquid stream
|s rotating, under the 10action of the choke elenent, as will be described
hereinafter. The action of the rotation is to cause the heavier liquid
phase, water, to mgrate to the outer wall of the separation chanber 204
and for the lighter liquid phase, oil, to concentrate in the radially
central region. Q| gathered in this central regi on passes through the
tangential openings 214 in the conduit 212 and fl ows downstream t hrough the
end 15cap 208 to the first outlet 218. The oil takes an upwards fl owpath
over a level weir 219, before exiting through an outlet 217. Water, the
heavier |iquid phase, renmains in the separation chanber 204 and fl ows
downstreamto the second outlet 220 in the end cap assenbly. 20Referring to
Figure 10, there is shown an alternative enbodi nent of the choke assenbly
of Figure 9, having two fluid inlets, as shown in Figure 7 and descri bed
her ei nbefore. As noted above, a preferred choke elenent for use in the
choke assenblies 250f the present invention is one in which the fluid
passi ng through the choke elenent is caused to flowih a rotational flow
regime within the choke el enent. As noted above, this rotational flow of
fluid all ows for various separation stages to take place, enhancing the
processing of nultiphase fluid streans using the choke assenbly. A



preferred arrangenent of choke elenent is shown in Figure 11 and will now
be 30descri bed. Referring to Fi,gure 11, there is shown a choke

el enent, ~general ly indicated as 300, in place in the choke assenmbly of

Fi gure 1. 1t will be understood that the choke assenbly 300 is not limted
inits use to the choke assenbly of Figure 1 and 39 can equally well be
applied in the choke assenblies of other enbodi nents of the present
invention, as well as choke assenblies falling outside the scope of the
invention. The left hand side of Figure 11 shows the choke elenent in the
fully closed position, while the right hand side of the figure shows the
choke elenent in 5the fully open p h@g The choke el enment 300 is
of the plug and cage variety and cdﬁ%é s a generally cylindrical cage 302
havi ng an inner cage portion 304 and an outer cage portion 306 arranged
concentrically, The oquter ca portion. 306 i s supported 10between the
mandrel 18 extbndl r@ lf'?k(?rﬁstsﬂgggr{g{%%{ﬁpr "he inlet end within the recess 20
in thg end of the nmnidlet|52)randuttiplssediuill gfeadq tex stezain nemprisimg @ fist end cap

at the out] et |e d-ses a generally
cylindri Crg‘a% £ S‘Q@ﬁ@%ﬁé ga&% %@Edf’%&nfeyl@ng@.ﬂﬁﬁ e "plug 308 is
connected in convemflmhﬂundnattﬂtéw)tO the end of the stem 28 extending from

the actuator nount eﬁ'cﬁ@(gé@ngﬁgﬂﬂdﬁﬁ%%wﬁ thé‘l]nqgt aﬁ@%é)ﬁrsttfh[ﬁ housing. In

this manner, the plug ongitudinally within the cage by a
r eci pr oc a¢utt¢gomblemo gqinttdhmesﬂoaih@fzf@ldhﬁl‘éﬁem the inlet (Sghans th?ﬁ\’é‘-‘"&'é'lduat or. As
not e elenent 300 shown in Figure 11 has the plug disposed

20wi t (?'ﬁ%

It will be understood that the present crﬁ}vgntl on
enbr aces a sini I ar 2 Bepasatigneshamoer (AR dispose orPrevide PERAJAYAD WiPERRSed out si de

the cage. mYReﬁ&B's?rzéé‘m%psﬁ&iﬁ nptfhfe dhb@é elemeﬁ@(mh%e cl osure of the choke

assenbly, the plug has a seat 307. 25The
cage 302 i s provi de® 3eFarH gl @ﬁéﬁqf?“%‘fm%@@%frﬂﬁ' tﬁ% ﬁu ich fluid

may . flom1fron1g 4vp separation chanber 40 into the central cavity within the
choke el ement 300.

i oubi he cage 309heraly BF ISP g tPs =Fanugh (P, B SEgfha e o1

Cr 0Ss- secivftipabse/figistrdan tgtheaepamtiomohamber (40} and the inlet (52) is
positioned to direct fluid into a regian of the separation chamber (40) that is displaced
from the choke element (22), such that, in operation, separation of the phases of the
fluid stream can occur in the separation chamber (40) befors the fluid reaches the

20 choke element (22);
in operation fluid being removed continuously through both the first

fluid outlet and the second fluid outlet.

2. The choke assembly (2) according ta claim 1, wherein the choke
25  element (22) comprises a cage (302) having a plurality of openings (310) therein and
a plug (308), the plug being moveable longitudinally with respect to the cage.

3. The choke assembly (2) according to claim 2, wherein the plug (308)
is disposed inside the cage (302).

30
4. The choke assembly (2) according to any preceding claim, wherein

the choke element (22) is disposed within the separation chamber (40).



of the choke cage 302 showi ng the form of an opening 310. Each opening 310
30ext ends through both the outer cageportion 304 and the inner cage
portion 306. The openings are generalﬁy rectangul ar in cross-section. The
portion of each opening extending through the inner cage portion 306 has a
constant cross-sectional area throughout its |length. The portion of each
openi ng extendi ng through the outer cage portion 304 is tapered, with the
cross-sectional area of the opening at the outer 40 surface of the outer
cage portion being wi dest, the opening tapering in a radially inwards
direction suchsthatTﬁé@:ﬁ:@@@Serﬁﬂgqmmbrmgaa clatrd Uc eberetn thhaeparktitthe openi ng

portion i in r wn i the taper of the
openi ng p@?ac‘?%ﬁ{ (1“5} %gﬁf”g?e hﬁ@@v ?J"SP'P?HW hge’:"%g' &glm'retrl cal, but
rather is offset in the 5reverse direction of fluid flow around the outside
From tungst en. Sui ¢ hIoRE e RSaabE 2 Arat R e S M Al EiodtR 7, g7 ™
_rlteans .5 ThiheQihioRe cRagat (32) tsldbsposledlta rmcéige freld 70T theseparation ng@tré@)
ungsten S . a.\v t to erosion. wever, tungsten
is a brit ?tg ﬁﬁ?'?eé/'ingﬁ %&gﬁﬁqg{e%g??cglgﬂeﬁ ured upon inpact by solid

material. Accordingly, the outer cage portion 306, being of stainless

steel, while |ess r%ﬁ% Shadu ﬁsEQmey%i Aordify oSy hédedin gq;}é"haﬂhéﬁéﬁ. tungsten

i nner portion and b resi st fracturing un I npact. 15
The flui dtﬁelloiﬁt(ﬂﬂlse'ﬁﬁtsnguiaranﬁfoéﬁ'@ﬁﬁ@“t he cage 302 are shown in Figure 12.
Fluidyin the separation chanber 40 is flow ng |n a rotating pattern around

the exterior of the cage 302, as indicated by . a ?\%e ,tAs the fluid passes
the outer end & anThpéhehapssenbly @) Wq‘%t"o‘?‘a‘f“h R ect ed i nt o

t he openi QgetioR%f tHEh@RITY hEY aR hEsak ratio of from 1:1 to 1:3.

9. The choke assembly (2) according to any preceding claim, wherein
15 the inlet (52) is oriented at an angle to the radius of the separation chamber (40).

10.  The choke assembly (2) according to claim 9, wherein the inlet (52) is
oriented at a tangent to the separation chamber (40).

20 11.  The choke assembly (2) according to any preceding claim, wherein
the inlet (52) is oriented at an angle to the normal to the iongitudinal axis of the
separation chamber (40}

12. The choke assembly (2) according to claim 11, wherein the inlet (52)
25 ié oriented at such an angle that, in operation, fluid entering the separation chamber
(40) through the inlet (52) is not impacted by fluid within the separation chamber.

13.  The choke assembly (2) according to either of claims 11 or 12,
wherein the inlet (52) is oriented at an angle of from 0 to 25°, preferably about 5° to
30 the normal to the longitudinal axis of the separation chamber (40).

14,  The choke assembly (2) according to any preceding claim, further
comprising a fluid guide (54) disposed within the separation chamber (40) adjacent



20B. The offset in the taper in the outer portion of the opening reduces
the shear experienced by the fluid as;dt enters the opening 310. 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 element, the fluid is travelling at a high velocity. The angle of
t he opening 310 introduces the high velocity fluid into the inner 25cavity
tangentially, as indicated by arrow C. As a result of the tangential entry,
the fluid within the inner cavity is caused to rotate, as shown by arrows
D. Thus, gBénis errrgwafdmg éiﬂunaguraatseda&w(sarroawoamuag@au&eahaj or hélisaige
dlrectlon aﬁ AE@P re. 12 folk?g%aflowpath close to the inner
surface ofl %Wlpﬁh%ﬁ”f%r %ﬁ?”%‘ﬁ%‘@ 4 this pattern of flow
reduces the degree of shear to which the fluidis 30subj ected, which in
turn has the ef ect nt ai n sepa t he
fluid prior t 01 %¥nt e?ha@%@sggﬁbw?? °§§'&'Q&e‘§ﬁ,{aﬁa 2&“ %}Q{Féﬁ‘gg‘ﬁé&‘!"gt ed, any
sol i d $ar urfdceg5&ns halicaed in the fluid are caused to take a circul ar path
within the choke cage 302, rather than inpact equal and opposite fluid jets
within the cage, as with 41 choke assenblies of conventional design. This
si gnificantly fd@duc®se thakecsstrbly,(2erosiding tgfanmeeced@é claid, samarising rat es of
the choke, AR & k. Figure 11, the openings in the choke cage
302 are ar g;ﬁﬁg Bfm EQV!JS Cross-sectional views through the six
downstream bands of t he choke cage 302 are shown in Figures 13a to 13f. The

most gpwnstrea banéhééna@%ernm Ezwcsrmo%h%swhmmewm L0
arranged at 180 to each ot her CFEHOSI ngﬂsr des_of 'dﬁ 302. Simlarly,

t he adj acisats apraprisesm fisatialet @Q&Aﬁ" segogdinet3H0), H‘&sf“'ﬁt\%e BROSRGLC ar r anged

at 180 tOm%‘feethlc@rtthc?rnt@me%ﬁéﬁh&gcﬁamd@%nttt&n@agmabmtenﬁﬁﬂﬁet by 10 90 to
the openings in the in Fi ﬁ'igr‘re 13a. The adj acent upstreamband is

shown i n P¥RAGREPMeEMbEE RSO IBE FeEREiPIRYs arranged at 90 to each other

around the cage. The band i mredi atel y upstream is shown in Figure 13d,

whi ch, al i f h
four Bpeni ngs oF ¢ nanaanSteheomBiel Pt b g A r 0
bands is ebrﬁmrhmaﬁrrgalrasserﬁt’ﬂe(w)cﬂor]ﬁd@cﬂmgﬂardrhoﬂ‘wm]‘elaalvirﬂtgj (82,892, openi ngs.
boncaeet Shol fh Biel Seditiby] QAN Dl dhrlih (s 48 RO 02 Bl bue Lhe

bands of overe nd uncovere I'ng upon the position
of the plug, thereby allowing the flow of fluid through t he choke el enent

to be controllg ?1 W;rfap ﬁQﬁJ‘S‘ssQHtB (N ad REiRPR didiRN e WPaRsin theldspabief t hand

side of Figure ands penrngs are covered and the choke el enent
i s cl3@ed (@D is helical f | ow. Movement of the plug 308

20.  The choke assembly (2) according to either of claims 18 or 19,
wherein the inlet assembly (48) is arranged to introduce fluid into the separation
chamber (40) through the inlet in the same orientation as the fluid within the

235  separation chamber (40).

21.  The choke assembly (2) according to any preceding claim, wherein
the separation chamber (40} downstream of the choke element (22} is arranged to
condition fluid leaving through the second outlet (46).

30
22, The choke assembty (2) according to claim 21, wherein the separation

chamber (40) is arranged to promote rotational and gravity separation of the fluid
before the fluid leaves through the second outlet (46).



fromthe closed position first uncovers the band shown in Figure 13a and

t hen, successively, the bands of Figuges 13b to 13f, until the fully open
position shown in the right hand side of Figure 11 is reached. It will be
appreci ated that novenent of 25the plug fromthe closed position to the
open position opens bands having successively a greater nunber of openings
and, hence, providing a successively increasing cross-sectional area

avai lable for fluid flow It has been found that the arrangenent of the
tangenti al openings 310 into 30bands, as described hereinbefore, induces a
particul ar f'%regrrn@cmruepgs%éﬁqmyqé) haroRiisHHoRsthddst chindls 24lor 2As descri bed

her ei nbefore and shown in Figure 12, the fluid enterlng t he Fcﬂavrty W thin
t he cage whenehiheicsossagstianal grepl Qg %p&r%fon@hwaf»er APHeREredR M t he i nner

surface of, RS & A2Esd8hl ibBilet that is form a rotating band of
pressuri se(?qc;}ﬁpsd inthe radially giﬁﬁﬁer region of the cavity. The

pressurised 42 centrifugal band of fluid 400 generated by the downstream
band of openings isThebRNRE és%eﬁbwaﬁsccbﬂmn@nﬁbrmma Wherefrethereduction ect i on of
fluid flow wi thin the choke queggE S ?ngmstreﬁgtowarddz 1t |ﬁ(Tbore 32 in
the mandr 81 CToE TRNISRaI AEeR FRMARILEY 3 EOURR PTTor A1) SREe TN R 5 ap)

However , k&@rﬁlfdrﬁﬂfanﬂj‘er(m aﬂﬂﬂswalp@&ﬁbn&émdwdll@a) ofdamdepkddticains t o reduce

t he effect &Sk secti onal dtafrea avail able for the flow of fluid entering

the choke® W%’n(g MR RPEE Y R band 400. In other words, the pressurised

centrifugal band of fluid acts as a hydraulic choke to the flow of fluid

do""”sﬁ) eam A g e ghgrgcensteﬁw% S@fgéédr%Hggl W@Ia‘ﬂf‘ls bPPd RGritdeul d 402

will forrred eam eni ngs, which acts to
further r edmpesmgmmemﬁef?ﬂlém fedece powbibi dee fatatien 0&%@ 'fa\f'ar"#%fﬁ‘l' e ther the

downst r eaigLfd Bl fa0) downstredif PINBERokdIelBHBH( @27 4t ugdiRakitatlide el ement
y ope 3

i's in the par ositron, wth the plug 3 in an internediate
posi tion becmtlﬁhﬁéef-ul |y open and full y cl osed positions and two bands of
openi ngs uncovered for fluid flow The effect of the 15hydraulic choke
action within the choke cavity i s repres ntg%. I n Ficﬁur .142, tge pl ug 308
is inlfhe ful | YPoped Ng&EPke atcemily {7) 8PForBAN 204 PERE 'i‘€h§§'"h WBF,r ed. The
hydraul i ¢ ehpksing a8 f&fseﬁﬁr@ﬁﬁg Siid@hhbes 10 Haids passirg thrugh Techidkei d
entering the cavity through a given band of openings nust flowin the
general d&UFREMEZEN direction. To do this, the fluid is caused to flow

i nwar ds, past the pressurised centrifugal band of 20fluid established by

the fluid ent eé}.]ng the ﬁ_‘\?@ag 'étr‘gﬂ‘%td; %Q}at? theXHowP R inl@snaddsuiown in

Fi gure 14b, e pre urised centrifugal bands of
fl ui d20esrs|tr‘ean1 thetmethf:ctlumipmltlmrr ng the choke cavity through the nost

upst ream bands ;ofoRRARIAGRIBILAIAY YPENN i blsBPardiaSoriaaD) onal ar ea
avai l abl e for flow past ownstream fl ui ds nds
allowing separation of the fluid phases in the flui stream to oceour in the

separation zone {(40);
causing a first portion of the fluid stream to flow through a choke element (22)
25 to a first outlet (34); and
controlling the flow of fluid through the choke element (22) by adjusting the
choke element;
wherein the multiphase fluid is introduced into a region of the separation
zone {40) that is displaced from the choke element (22), such that, separation of the
30  phases of the fluid stream oceurs in the separation chamber (40) hefore the fiuid

reaches the choke element (22); and
causing a second portion of the fluid stream to flow to a second outlet {46);

fiuid being removed continuously through both the first fluid outlet and the

second fluid outlet.



25 The hydraulic choke action of the pressurised centrifugal fluid bands
acts in addition to the physical chokjng action provided by the flow of
fluid through the openings in the cho e cage. Thus, the choke enploys three
di fferent mechanisns for choking the flow of fluid: the mechanical choking
effect provided by the fluid 30flowi ng through restricted orifices (as with
conventional choke designs); the hydraulic choking effect caused by the
rotating bands of fluid within the choke cage providing resistance to the
entry of fluid into the cage; and the hydraulic choking effect of the bands
of fluid creating hydraulic orifices (as shown in Figures 14a and 14b)

providing resistance to the general fluid_ flow wthin tH fﬁg& The
hydraul i ¢ chok#8-act Tisnmethad a&gorg@géﬂﬂawga wiere ibe piultiphass of fluid

downst r eadfyein &m&ﬁﬁ%ﬁa%b%ﬁ%‘hnd bhé oh@srd IRpiceshasas age of subjecting the
fluid to significantly |1 ess shear than the conponents of the choke el enent,
such as woul d be experienced in a conventional plug and cage choke

assenil y. 29.  The method according to either of claims 27 or 28, wherein the fluid
stream comprises solid material.

30. The method according to any of claims 27 to 28, wherein the fiuid
stream is produced from a subterranean well.
10
31.  The method according to claim 30, wherein the fluid streatn comprises
gas, oil, water and solid particles.

32.  The method according to any of claims 27 to 31, wherein the fluid
15 rotates in the separation zone (40).

33.  The method according to claim 32, wherein the fluid flows in a helical
pattern through the separation zone (40).

20 34.  The methad according to any of claims 27 to 33, wherein the fluid
stream is introduced tangentially into the separation zone (40).

35.  The method according to any of claims 27 to 34, wherein the fluid
stream is introduced into the separation zone (40) without substantially impacting the
25  fluid within the separation zone (40).

36, The method according to any of claims 27 to 34, wherein the fluid
stream is preconditioned prior to entering the separation zone (40).

30 37. The method according to claim 36, wherein the preconditioning
comprises initiating separation of the phases of the fluid stream.

38. The methad according to either of claims 36 or 37, wherein the fluid
strearn Is Introduced inito the separadtion zone (40) with the fluid phases in an
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origntation consistent with the position of the phases of the fiuid already in the
separation zone,

39. The method according to claim 38, wherein the fluid stream is
introduced into the separation zone (40} with the heavier phases directed to the
radially outer region of the separation zone and the lighter phases directed to a
region that is radially inwards of the heavier phases.

40. The method according to any of ¢laims 27 to 39, wherein the fluid
leaving through the second outlet (46) is subjected to separation of the fluid phases
downstream of the choke element (22).

41.  The method according to claim 40, wherein the separation comprises
rotational and gravity separation.

42.  The method according to any of claims 27 to 41, further comprising
subjecting the fluid passing through the choke element (22) fo further separation.

43.  The method accerding to any of claims 27 to 42, wherein a first fluid
stream is introduced into separation zone (40) through a first inlet (202) and a second
fluid stream is introduced into the separation zone through a second inlet (210).

44,  The method according to claim 43, wherein the second fluid stream is
introduced into the separation zone downstream of the first fiuid stream.

45.  The method according to claim 44, wherein the first fluid streamis a
substantially gaseous fluid stream and the second fluid stream is a substantially
liquid fluid stream.

46. A wellhead installation comprising a choke assembly (2) as claimed in
any of claims 1 to 26.

47.  The wellhead installation according to claim 46, wherein the wellhead
is a subsea wellhead.



