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(57) Abstract: A flow control device is disclosed which comprises a flow
path, a compensation chamber and a regulator assembiy which defines a
first surface which is expcsed to the flow path and an opposing second sur-
face which is exposed to the compensation chamber, wherein a drive ar-
rangement Is provided for moving the regulator assembly to vary the tlow
path. in some embodiments fluid flowing through the flow path establishes
a pressure which varies across the first surface of the regulator assembly,
and the compensation chamber is in pressure communication with a local-
ised region of the first surface which is selected to establish a compensation
chamber pressure which acts against the second surface of the regulator as-
sembly to bias the reguiator assembly in a desired direction. in some em-
bodiments the first surface of the regulator assembly defines a profiie
which is configured to minimise the variation in pressure applied over said
first surface by action of fluid flowing through the flow path.
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FLOW CONTROL DEVICE AND METHOD

FIELD OF THE INVENTION

Tha pressnt invention relates o 8 fow control device and method, and in
partioylar, but not exclusively, 1© a flow control deavice and method for imparting
pressure flucluations within a flow, such as a flow of hydrocarbons, for wireless

communication,

BACKGROUND TO THE INVENTION

To optimige recovery, the off indusitry depends on gathering data from wells and
reservolrs. Such dals forms the basis for nearly every decision with respect to the
davelopment and operation of an ol fisld, ncluding whare 1o locale new wealls,
maintenance programs and alicostion/control of production.

in view of this nesd for dals, meany wall applications are complsted with
pormangntly installed downhols nstrumentation, such as pressure and temperature
monitoring devices. Due o the generally harsh wellbore smwvironment, permanent
insfrumeniation has g imited Eelime and theres is an sxpeclancy of fallure. Such fallure
isgds fo liniled obisinable information From the ressrvolr and Hmited control
possibilfiies. This may have a seriopus impact on the understanding and modsling of
the reservalr and raeducs the reservolr recovery faciorn

Furthermore, known  insialiations  typlcally regquire slectrical supply  and
communication lines running e length of the production tubular from the walthead
down o the downholy moniioring andfor control sysiem, said lnes nomally being
sacured to the production tubular using laflored clamps. Filting cables o the fubing s &
time consuming aolivity that prolongs the instalialion ime. During the instaliation and
use of equipment such as iraditions! downhole pressure and {emperaiure sensors, the
cables, clamps, splices, penelrators, conneclors and the lke may become exposed o
well fiuids and are nalural fallure nodes. I damage ooours, the worsi-case scenario is
ihat the entire length of tubing must be relrigved 1o replace 3 damaged cabls. i the
damaged squipmeant is rapairabls, 8 weall sarvice oparation must be performed.

Other borghole devices, such as mulliphase flow melers, sand detectors,
valves, chokes, oirculation devices and the lke may alto be insialled a5 part of &
permansnt borehole completion, and where this s the case similar problems ag
described above apply.
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Depending on the well conditions, the lfetime spectancy of permanent
instalted equipment may range from a few months o 3 few years, and as noled above
should parmanent squipment fall, the only remedy In most cases s o re-complete the
well, meaning replacing the production twbulsr and associated systems. This operation
sntails high risk and cost and is generally very undesirable.

Ratrofit downhole monitoring andfor control systems are desirable in the art for
use in the svent of fallure or compromise In permansnt monitoring systems, thus
parmitting the continulty of deteflow from the well 1o be regained/maintained.  In
addition to such retrofit solufions, there is a recognised dasire for downhole moniioring
andfor control systems thal sre sasily installad, retrieved and maintained, in order 1o
provids for a long-lerm monitoring andior controf functienality in harsh well conditions.

WO 2006041308 describes systems for downhole dals acquisiion and
wireless dala transmission in a well, and wireless downhole control systems enabling
remote wirsless flow confrol of downhole production andfor injection zones in g well
related o the production of hydrocarbons. Specifically, operation of & restricting valve
slemant in the pipe flow can be used 1o send a wirsless telegram in an off or gas well,
i wireless signal fransmission Is achieved by fransmitting pressure pulses vig fowing
fluaidd,

SUMMARY OF THE INVENTION

According fo a first aspect of the present invention there iz provided a How
confrol device, comprising:

a flow path;

a compeansation chamber;

a regulator assembly defining 2 first surface which i axposed o the Yow path
and an opposing second surface which is sxposed o the compensation chamber; and

a drive arangament for moving the reguiator assembly 1o vary the Tlow path;

wherein, in use, fuid flowing through the flow path establishes a pressure which
varies across the first surface of the regulalor assembly, and the compensation
chamber I8 in pressure communication with a localised region of the first swface which
is seleoted fo ssiablish a compeansation chamber pressure which acts against the
second surface of the regulator assembly to bias the regulater assembly in a desired
dirsction.

The prasent invention may permit desired blasing of the reguiator assembly o

he achieved using the flowing fuld  Blasing the reguiator assembly may permit
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appropriate operation or action in the event of failure of the drive arrangement, for
example. Furthermore, biasing the regulator assembly in a desired direction may
assist to minimise the power requirements of the drive arrangement. For example,
minimal power requirements may be necessary when the regulator assembly is to be
moved by the drive assembly in the direction of the bias.

The effect of the present invention may be achieved by the recognition that
during use the pressure varies across the first surface of the regulating assembly and
thus appropriately selecting a desired localised region on the first surface from which to
communicate pressure to the compensation chamber. In this way, the compensation
chamber pressure may be determined as a function of the position of the localised
region on the first surface of the regulator assembly.

The flow control device may be configured for use with flow associated with a
wellbore, such as production flow, injection flow or the like. The flow control device
may be configured for use within a wellbore, for example at a downhole location. The
flow control device may define a downhole flow control device.

The regulator assembly may be moveable to vary the flow through or along the
flow path. The regulator assembly may be moveable to vary the flow path between
fully open and fully closed positions. The regulator assembly may be moveable to vary
the flow path intermediate fully open and fully closed positions. The regulator
assembly may be moveable to vary the flow path to impart pressure fluctuations within
the flowing fluid.  Such pressure fluctuations may be utilised for wireless
communication within a wellbore, for example as described in WO 2006/041308.

The regulator assembly may be moveable to vary the flow path to provide
choking to the flow, for example to control production/injection pressures and rates.
The flow control device may be configurable as an inflow or outflow control device.

The regulator assembly may be biased in a direction in which the flow path is
open, for example fully open. In such an arrangement the flow path may be operated
and held in an open configuration in the event of, for example, failure of the drive
arrangement. This may permit the flow path to remain operational in the event of such
a failure, which has significant advantages in wellbore applications, for example.

in an alternative embodiment the regulator assembly may be biased in a
direction in which the flow path is closed.

The pressure which varies across the first surface will generate a force acting

on the regulator assembly through said first surface, and the compensation chamber

1559748-1
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prassure will generate a fores acling on the regulator assembly through saild second
surface, wherein the magnitude of these Torces differs o establish a bias force which
biases the regulator assembly in the desired direction. The position of the localised
ragion of the first surface may determing the compensation chamber pressure and thus
influence the magnitude of force applied on the regulator assembly Hhrough the second
surface.

During sieady siate flow conditions a constant varation in pressure may be
created over the first surface of the regulalor assembly. Thus, during sieady state
conditiong, 8 constant foree may be generated on the regulator assembly through the
first surfacs,

The compensation chamber pressure may corelale with, for sample be
substantially squalised with, the pressure 3t the localised region of the first surface of
the regulator assembly.  Durng sieady state Tow conditions the compensation
chamber prassure may be subsiantially constant and as such a substantially constant
foroe may be genarated through the second surface.

The flow control device may be configured o astablish & blas force for all
flowing condiions of fluld through the flow path.  Accordingly, in use the regulator
assembly may be condinuously biased in the dasired direction,

The device may comprise a pressure condull exdending Dsitween the
compsensation chamber and the localised region of the first surface of the ragulator
assembly io faciliate pressure communication thersbetween, The pressure conduit
may be al least padially be provided as part of the regulalor assembly. The pressure
conduit may define a port within the first surface of the regulator assembly, such that
the lncal pressuwre acling against the first surface of the regulator assembly al the
incation of the port is communicatad o the compensation chamber. The pressure
condult may permit fluld communication between the flow path and the compensation
chambar, In such an arvangsment the compensation chamber may be exposaed & the
fiid fowing through the flow path.  In other embodiments the compensation chamber
and the flow path may be fuidly isolated from sach other. In such an arrangement
prassure communication may be achieved using a pressure lransfer arrangsment
sueh as a hellows structure, piston assambly of the ke,

The pressure varialion across the first swface of the regulator assembly may be
astablishad by & flow regime of the fluid fowing through the flow path.  For exampls,
tha flow ragime may comprise regions of lower velocily, and thus higher pressurs, and
regions of higher velociy, and thus lower pressure. Reglons of lower veloclly may be
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craated by the fluld impinging against & surface of the flow control device, collision of
differant flow streams or the lke.

in use, Ruld flowing through the flow path may establish a larger presswre on a
central region relative to an outer region of the first surface of the regulator assembly.
in such an arrangement where a larger compensation chamber pressure is desired the
incalised region of the frst swface which is in prossure communication with the
compensation chamber may be located fowsrds the centre of the first surface.
Altarmatively, where 8 lowsr compeansation chamber pressurs is desired the ooalised
region of the first surface which is in pressure communication with the compensation
chamber may be located towards the ouler region of the first surface.

In an alfemabive ambodiment fuld fowing through the flow path may establish a
larger pressure on an outer reglon of relative to 8 central region of the first surface of
the regulator assembhy.

The fiow control device may comprise & housing which at lsast partially defines
the flow path, The housing may be at lsas! partially defined by a tubular member. The
housing may be configured to be mounted within a welibors, for example via one or
more ubing hangers, packers or the like.

The housing may comprise or define al least one flow port for accommadating
flow through the flow path. A plursiity of flow ports may be provided., The flow porls
may be distributed axdally glong the length of the housing. The flow porls may be
distributed circumferentially around the housing. Al least ons flow port may be defined
in or through a wall of the housing. Al least one flow port may provide Thid
communication between exiemal and intemal iocations of the housing. Al least one
flow port may permit communication between the flow path and a sublerransan zone,
such a3 3 production zone, injection zone or the ke,

At least one flow port may define an indet flow port for permitling inlet flow into
the flow path. Such an arangement may have application in weilbore produchion flow
operations. At least one flow port may define an outlet flow port for permitting outlet
flow from the flow path. Such an arangesment may have application in wellbore
injection fow operations.

Al least one flow port may form par of the flow path.

The regulator assembly may coopsrate with at lsast one flow port to vary the
flow through the flow path. For sxample, the regulator assembly may be configured o
salectively bock, or partially block, 3t least one flow part,
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Fiow entering the housing via &l lsast one flow port may estabiish 2 fiow regims
which creates the varying pressurs across ths first surface of the regulator asssmbly.
For example, fiow from gt least two flow ports, for exampls dismetrically apposing flow
ports may coliide lo generats a region of low flow velocity and high pressure.

At least one flow port may defing a geomestry o assist in oreatling @ desired flow
ragime through the flow path. For example, although g varlable pressure across the
first surface of the reguiator assembly is required, at lsast ong flow port may define a
gaomelry to sliminale very largs varialions in pressurs acrnss sald first surfacs, AL
ieast one flow port may define g geometry o assist o minimise stagnation of flow
within the flow path. Al least one flow port may be obliquely aligned relative o &
oentral axis of the housing,

At least one Tlow port may define a geomstry which compliments the geometry
of the first surface of the reguinior assembly, For sxample, at lsast ons flow port may
define an angle which comrssponds 1o an angle of a profile of the first suface. This
arrangament may facilitate the generation or control of a desired flow regime within the
fiow path,

The housing may comprise or define at lsast one bypass How port. The
bypass-flow port may be configured o be open at all Hmes. The by-pass flow por! may
not be affected by the regulator asssembly. The by-pass fow port may parmit by-pass
of fluid through the flow path, for wample in the event of fatlure of the regulslor
assembly, o accommodats large flow rates or the ke,

The first surface of the reguiaior assembly may define a geomelry 10 assist in
creating a desired flow regime and pressure diskibution acrpss sald surfagce.  For
gxample, although a varieble pressure aoross the first surfacs of the regulator
assembly I8 regquired, sald first swrface may define 3 geomelry which functions o
aliminate vary large variations in pressurs across said first surface. The first surfacs
may defing a geomelry o divert, for example gradually divert, fluid flow slong the
diraction of the flow path. For sxample, the first suface may defing 5 geometry which
diverts incoming fow, Tor example via at lsast ong flow port, along the direction of the
fow path. The firs! surdace may define a geometry which gradually changes the flow
diraction of the flow fo become sligned with the flow path. Such a geomelry may
ririmise stagnation of flow. The first surface may defing a conical or frusie-conical
mofile, The first surface may define a parsbolic conical profile. The first surface may
define a partially spherical surface, such as a domed surface.
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The reguiator assembly may be mounted within the housing. Tha regulaior
assembly may be axially moveabls within the housing to vary the flow path. The
compensation chamber may be located or defined within the housing. The drive
arrangemeni may be located within the housing.

The reguislor assembly may separate the flow path and the compsnsation
chamber. The flow control device may comprise 3 sealing arangement configured o
provide a seal between the reguistor assembly and the housing. The sealing
arrangement may provide sealing bebween the flow path and the compensation
chamber. The pressures acting against the respective first and second swrfaces of the
reguiztor assembly may be applied across the sealing assembly.  The sealing
assembly may define squivalent sealing areas on both sides of the regulator assembly.
Alternativaly, different seal areas may be provided which may contribule to generation
of & bias.

The drive arangemen! may comorise a fiuld drive arrangament, such 8% 8
piston armangement.  The drive arrangement may comprise a mechanical drive
arrangement, such 88 a molor drive arrangement. The diive arrangement may funclion
i act against the bias on the reguistor sssembly, for example o move the bias
assembly in & dirgclion opposing the bias.

The flow control device may be configursd fo be mounted within existing
sgiipment within a wellbore.  The flow control device may be configured o be
retrofitied within g wellbore. The flow conlrol device may be configured to be installed
within a wellbore as part of a wellbors completion. The flow control device may be
configured 1o be instalied within a wellbore using one or muore of packers, hangers or
the like,

The reguiator assembly may comprise a single element, wherain one side of
the single slemeant defines the first surface and an opposing side defines the second
surface. The regulator assembly may comprise a plurality of elements.

According 1o a second aspect of the present invention there s provided &
mathod of controlling flow, comprising:

defining a flow path and a compensation chamber within a flow control davice;

providing a regulstor assembly which defines a first surface which is sxposed o
the flow path and an opposing second surface which is sxposed o the compensation
chamber, wherain the regulator assembly is moveable by a drive arrangement 1o vary
the flow path;



10

15

20

25

36

CA 02864972 2014-08-19

WO 2013/124644 PCT/GB2013/050402

8

passing fuid through the flow path o sslablish a prossurs which varies across
the first surface of the reguialor assembly; and

communicating pressure from a localisad region of the first swiface o the
compensation chamber {0 actablish g compensation chamber pressure which aols
against the second surface of the reguiator assembly to bias the regulator assembly in
a desirad dirsction.

The flow control device may be configured in accordancs with the first aspect.
in such an arrangement festures and associzied methods of use of the first aspact may
apply to the second aspect.

According o g third aspect of the present invention thers is provided & wireless
communication assembly, comprising:

a flow pathy,

a compansation chamber;

a regulator assembly defining a firat surface which is exposed o the flow path
and an opposing second surface which is sxpossd o the compsnsation chambser, and

a drive arrangement for moving the reguiator assembly to vary the flow path o
impart pressurs fluctuations within a flow, wherein said pressure flucluations are
sncoded with data;

wherein, in use, fuild flowing through the flow path establishes a pressure which
varies acmss the ficst surface of the reguiator assembly, and the compensafion
chamber iz in pressure communioation with a localised region of the first surface which
it selsclad fo establish 8 compensation chamber prossurs which acts againgt the
sacond surface of the reguistor assembly 1 bias the regulztor assembly in g desired
diraction.

According o a fowth aspeol of the present invention thers s provided & flow
gontrol devics, compising:

a fliow path and & compensation chamber;

g regulator assembly separating the fow path from the compensation chamban
and

& drive arrgngemant for moving the valve elemant o vary the Hlow pathy;

wheraln in use flid fowing through the flow path eslablishes a firs? region of
higher pressure and & second region of lower pressure, and the compensation
chamber is in pressure communication with one of the first and sscond ragions o
astablish a dasired fores differantial across the regulsior assembly.
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According to a fifth aspect of the present invention thers i provided g fiow
control device, comprising:
a flow path and g compensation chamber In presswrs communication with each
other,
8 a reguiaior assembly defining s first surface which & exposed to the flow path
and an opposing sscond surface which is exposed W the compensation shamber: and
& drive arrangemant for moving the reguiaior assembly 1o vary the flow pathy;
wharain the first swface defines a profile which s configured to minimise the
variation in prassure applied over said first surface by action of fluid flowing through the
10 flow path.
Accordingly, any offscls of varying pressure which may otherwise ssiablish an
advarse bias on the reguiator assembly may be mindmised, This may thersfore permil
the point st which pressure is drawn or bled from the flow path 10 be communicaied o
the compensation chamber o be of leos Imporiance, For sxample, the point af which
15 pressure is drawn may be osiablished on the basls of other faciors, such as
manufacting simplicity and the ke,
Furtharmore, minimising any adverse bigs may faclitale low power operation of
the drive arrangement,
The first surface may define a geomelry 1o divert, for example gradually divert,
20 fluld flow along the dirgction of the flow path. For sxampls, the first surface may define
a geometry which diverts incoming flow, for axample viz al lsast one flow pord, along
the diraction of the flow path. The first surface may define a geomelry which gradusily
changes the flow direclion of the flow t© become aligned with the flow path. Such s
geomelry may minimise stagnation of flow. The ficst surface may define a conical or
25 frusto-conical profile. The first surface may define & parabolic conical profile. The first
surface may define a parlially spherical swises, such as @ domed surfags.
The compensation chamber may be in pressure communication with the flow
path via & port provided on the first surfacs of the regulator assembly,
Fagtures associated with the first, and other aspects, may apoly to the devics
30 ascording to the fiith aspest,
Avcording to a sidh aspect of the present invention therg Is providsd 8 msthod
of controling flow, somprising:
defining 2 flow path and 8 compensation chamber within a flow control devics
and establishing pressure communicalion bebwesn sald flow path and compensation
35 chamber
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providing & reguisior assembly which defines o first surface which i oposad
the flow path and a second swface which s expossd o the compensalion chamber,
wharain the first surface defines a profiie;

moving the reguiator assembly by a drive arrangsment o vary the flow pathy;

g and

passing Hud through the flow palh such that the profile of the first swlas
minimizas the variation In pressure applied over said swrface.

Acrording o a seventh aspect of the prasent invention there is provided a flow
gontrol devics, comprising:

148 & flow pathy

a ragulsdor assembly defining a first swrface which s exposad o the flow pathy;

and
g drive arrangemeant for moving the reguiator assembly fo vary the flow path;
wherein the first surface defines a profile which is configured o minimise the
18 varkation in pressure applied over sald frst swiface by action of fuld flowing through the

flow path,

According o an eighth sspect of the prasent imvantion there s provided a
mathod of controliing flow, comprising:

defining a flow path within a fow control device;

20 providing & regulator assembly which defines a Tirs! surface which s exposed
tha flow path, wherein the reguiator assembly is moveable by & drive arrangement {o
vary the flow pathy;

passing fiuid through the flow patly,
whereln the first swface defines & profile which is configured o minimise the

5 variation in pressure applisd over sald firsl surface by action of fluid fowing through the
flow path,

According o & ninth aspect of the wesent invention thers s provided & flow
gontrol device, comprising:
a fow pathy;
3G a reguiator assembly defining s first surface which is axposed to the flow pathy;
and
a drive arrangement for moving he reguiator assembly 10 vary the flow path;
wharain the first surface defines a parabolic conical profile which is configured
o minimise the variation In pressure applied over sald Tirst swifacs by action of fluld
35 flowing through the fow path,
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The flow control device may comprise a compensation chamber which is in
pressure communication with the flow path, for example at a region of the first surface
of the regulator assembly. The regulator assembly may define a second surface which
is exposed to the compensation chamber.

In accordance with an aspect of an embodiment, there is provided a flow control
device, comprising: a housing defining a flow path and including at least one flow port
to permit fluid communication between the flow path and an external location of the
housing; a compensation chamber; a regulator assembly moveable in opposing first
and second directions to cooperate with the at least one flow port to vary flow along the
flow path, wherein the regulator assembly defines a first surface which is exposed to
fluid flow within the flow path such that said fluid flow establishes a pressure which
varies across said first surface, and an opposing second surface which is exposed to
the compensation chamber; and a drive arrangement for moving the regulator
assembly to vary the flow path; wherein the compensation chamber is in pressure
communication with a localised region of the first surface of the regulator assembly to
establish a compensation chamber pressure which acts against the second surface of
the regulator assembly to bias the regulator assembly in one of the first and second
directions, wherein the compensation chamber pressure is a function of the position of
the localised region.

In accordance with another aspect of an embodiment, there is provided a
method of controlling flow, comprising: providing a flow control device, wherein the flow
control device comprises: a housing defining a flow path and inciuding at least one flow
port to permit fluid communication between the flow path and an external location of
the housing; a compensation chamber; a regulator assembly moveable in opposing
first and second directions to cooperate with the at least one flow port to vary flow
along the flow path, wherein the regulator assembly defines a first surface which is
exposed to fluid flow within the flow path and an opposing second surface which is
exposed to the compensation chamber; and a drive arrangement for moving the
regulator assembly to vary the flow path, permitting fluid to flow through the flow path
such that said fiuid flow establishes a pressure which varies across the first surface of
the regulator assembly; and communicating pressure from a localised region of the first
surface of the regulator assembly to the compensation chamber to establish a
compensation chamber pressure which is a function of the position of the localised
region and which acts against the second surface of the regulator assembly to bias the

regulator assembly in one of the first and second directions.

CA 2864972 2019-06-06
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Various different aspects have been defined above. It should be understood
that various features of one aspect may be applied, in isolation or in any suitable

combination, to any other aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present invention will now be described, by way
of example only, with reference to the accompanying drawings, in which:

Figure 1 is a diagrammatic illustration of a wellbore arrangement which includes
a device according to an embodiment of the present invention for wirelessly
communicating within the wellbore;

Figure 2 is a diagrammatic illustration of a modified weilbore arrangement which
also includes a device according to an embodiment of the present invention for
wirelessly communicating within the wellbore;

Figure 3 illustrates an exemplary embodiment a flow control device which is
used for wireless communication within a wellbore;

Figure 4 provides an enlarged view of a flow control device in the region of a
regulator assembly according to an embodiment of the present invention;

Figure 5 provides an enlarged view of a flow control device in the region of a
regulator assembly according to another embodiment of the present invention;

Figure 6 provides an enlarged view of a flow control device in the region of a
regulator assembly according to a further embodiment of the present invention; and

Figure 7 provides an enlarged view of a flow control device in the region of a

regulator assembly according to a still further embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Aspects and embodiments of the present invention relate to flow control devices
and methods for controlling flow within a wellbore. One exemplary application of such
flow control is to provide wireless communication within a wellbore. Such an
exemplary application is illustrated in Figure 1

Figure 1 illustrates a wellbore 101 which facilitates production of hydrocarbons

such as oil and/or gas from a subterranean reservoir 103 via a set of perforations 102.

CA 2864972 2019-06-06



[

EY
s}

et
o

25

3

CA 02864972 2014-08-19

WO 2013/124644 PCT/GB2013/050402

1

Somewhare on the surface of the sarth the walibors 101 is ferminated B a welthesd
104 which includes appropriade valves and monioring systems o control and operate
the wall In accordance with relevant procedures and legislation. Downstream of the
walhead 104 the produced hydrocarbons flow through a flowding 108 {0 & production
faciity such as a separator and tank faciity (not shown).

CH or gas fislds brpleally comprise numerous wells, of which mostiall produss
info the same procassing facility, A wolls may be of unavern pressure, for sxampls dus
fo penetrating different sections of the reservolr 103 or diferent reservolr units,
regulation i3 required on swrface 1o ensure thad the production from each well arbees at
the production facility af squal pressure, I order 1o provide Tor this, most Sowlines 108
are sguipped with 2 choke valve 107 In order to reguiale pressurs. Further, most
flowlines 1085 andfor wellheads 104 are squipped with a prassure sensor 108 o
monitor the welihead proassurs.

in the reservolr end of the walibore 101, a flow control device or system 108 in
accordance with aspects of the present invention is shown, The device 108 functions
o controd the flow to spply pressure signals 112 twough the well fiuld o provide
wirsless communication betwesn the surfacs and downhole location.

The device 108 can be used o moniior andfor control the well.  For downhole
data monfforing purposes, the dovice 108 uses one or more sensors, such as a
pregsurs sensor 111, A control module 110 is used {0 record and progess the data,
The device 108 comprises & chokeffow regulator valve or sssembly 108 which s used
to inteliigently impose pressure variations 112 on the flowing production fluid in order @
fransmit the recordad data o swface.  On surface, the pressure signads T2 are
recsived by a sensor such as & prassures sensw 108 and an anabysis sysiem (not
shown} s usad o sxfract the downhols information.

Figure 2 Hlustrates a wellbore which is largely simillar to that shown in Figurs 1,
and as such like componsnds share lke reforence numerals. Howewer, the
arrangement shown In Flgure 2 diffors in that a flow control device or system 201,
which is configured similarly fo downhole device 108, is provided st the swfscs location
{affoctively replacing or modifying the choke 107 In Figure 1) and which is used for
racaiving signals 112 fransmitled from the downhole devics 108 as well as fransmilting
prassure signals 208 o said downhole device 108,

Refarancs s now mads o Figure 3 in which there s shown one embodiment of
a flow control dovics of gystom 108 which may be ussd o monller downhols

congitions, such as pressure and termnperature data, and fransmit such dats wirelessly
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fo surface by means of imposing pressurs pulses onto the Aowing fuid in the well. The
devics 108 functions in a similer manner to that desoribed in WO 20068/041308, the
disclosure of which is incorporated hersin by reference.

Thia device 108, which nciudaes the chokeflow reguiator valve or agsambly 108,
includes a housing 210 which is secured o the welifproduction tubing 101 by means of
a packer arangemaent 212, The packer arrangemeant 212 restricts the fuld flow 218,
which can be both produced as well as injectad flulds, slong the tubing 101 causing
fow through flow ports 218 fomead in the wall of the housing 210 and into & flow path
214 which i in fluld communication with surface. A regulator assembly or slement 220
is mounted within the housing 210 and g aclualed fo move by & drive armangemaent 222
o vary the flow ares through the porls 218 and inlo the flow path 214 {o ganerate
prassure based wireless signals which ars then ramsmitied vig the fuld {o surfacs.

The regulator assembly 220 Is sealed against the inner surface of the housing
and includes & first swisce 224 which is exposed 1o the fow path 214 and 8 second
apposing swrface 226 which s exposed {0 2 compensation chamber 228, Az will be
described in further detall below, a desired inferaction babween the swifaces 224, 228
and the pressures within the Bow peth 214 and the compensstion chamber 228
provides basing of the rsguiaior assembly 22 In a desired direction. I soms
smbodimants the ragulstor assembly i biased in a direction in which the flow ports 218
are fully opened. This may therefore assist o provide a faibsafe measure in the avent
of, for example, fallure of the drive arrangement 222,

The compensation chamber 228 may be provided to prevent hydrauiio ook of
the reguiator assambly during use. Further, as will be descoribad in delall below, the
compensation chamber 228 is in pressure communination with the flow path 214 such
that the pressure differential across the regulator assembly 240 is generally minimisaed.
This may assist o minknise the power requirements of the drive arangement 222 o
move the regulator assembly 220,

The drive srrangement 222, which & also mounted within the housing,
comprises an electric motor 230 which operates a pump 232 o displace a fluld toffrom
a piston chamber 234 in order to apply work on a drive plston 238 secured o the
reguiator assembly 220 via shaft 238

& battery module 240 and an controlfslschronics moduls 242 ars used ©
enargise and condrol the operation of the devics 108, Pressure bulk heads 244 are
ulilised o protect the baltery module 240 and controleisctronic module 242 from

procassiwell pressure.
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To ransmit one single pressure pulss (negative pulse in this ambodiment) the
motor 230 is used to operate the pump 232 to pump fuid into 2 piston chamber 234 o
cause the drive plston 238 and reguistor assembly 220 {via shafl 238) to shifl o the
right in Figure 3. This has the effect of reducing the flow area through the flow ports
218 thus choking the flow and genersting a pressure drawdown downstream of the
davice 108. After having applied the required pressure amplifude (pressure drawdown)
for a sufficlent period of ime to permit delsction at swrface, the motor 230 is reversed
to officed fluids from the piston chamber 234, A spring 248 causes the reguistor
assembly 220 fo refract and the production retums o "normal”, Le. a fully open
position.

in many cases, the relatively violent flow regims that is present in ofl and gas
walls may adversely affect the operation of the davice. For example, flow effects in the
form of local pressure variations as a resull of flow rate variations may apply adverse
hiasing forces on the regulator assembly 220, In cerlain situations, forces created by
fluid dynamic forces such as sjector effects may overcome the force of the spring 248
and cause malfunclion. Elector effects may also overcome the force crealed by the
pump 232 working on the piston 238,

Further, ofl and gas wells may experience scale formation that may causs
friction and entall & larger power requirement {o operate the device 108,

Az will now be desoribed in detall below, the present invention seeks {0 address
such issues by mitigaling or alleviating undesirable biasing effects andfor permitting
fower power gperation.

Reference is now made o Figure 4 in which there Is shown an enfarged view of
the flow control device 108 in Figure 3 in the region of the choke/flow ragulstor valve or
assembly 108. The present invenlors have recognisad that the flow regims oreated by
fluid flowing through the flow porls 218 and info the flow path 214 osiablishes a
nressure which varles across the firsl swiface of the reguistor assembly 220
Specifically, the central region of the first surface 224 recelvas a higher pressure than
the peripheral region of the first swiace 224, as Hustrated in the superimposed
pressure plol 258, The present inventors congider this effsct to be a consequence of
fiow streams from opposing flow poris 218 colliding in & central region of the flow path
214 thus creating & central region of low veloclly and thus higher pressure, relative fo
the peripheral region. The force applisd on the regulator assembly 220 via the first
surfacs 224 wilf thus be a function of this variable pressure.
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As Hlustrated In Figure 4, the regulator assembly 220 defines a prossure conduit
282 which provides pressure communication betwesen g localised region 254 of the first
surface 224 and the compensation chamber 228, Accordingly, the pressurs within the
compansation chamber 228 will be substantially equalised with the pressurs acting at
the locslised region 254 of the first surface 224, and as such this pressure will ba
applisd substantially uniformiy over the second surface 228 of the regulalor assembly
230, The compensation chambsr pressure and thus force applisd by this pressurs on
the regulator assembly 220 may thersfors be a funclion of the position of the localised
region 254 from which pressure is bied from the first surface 224, Appropriate
selection of the position of this lecalised region may therefors permit a desired blasing
force fo be applisd fo the regulsior assembly 22, in e present smbodiment the
incalised region 254 is selecisd such thal the resulting magnituds of force applisd o
the regulsior assembly vie the sscond suface 226 i lower than the rasulting
magnitude of force applied {0 the reguintor assembly 224 via the first surfaee 224, In
such an grrangemend the net force will act io blas the regulator assembly 220 ina
dirsction in which the ports 218 are opan.

Reference is now mads o Figure § In which a portion of a fiow contrel device
208 in sccordance with an alternative ambodiment of the present invention is shown,
The flow control device 208 of Figure § is similer in most respects fo the device 108
shown in Figure 4 and as such Bke components share ke reference numerals,
incremented by 100, Accordingly, the device 208 comprises a housing 310 which
includes a number of fow porls 318 which permit fuld 10 enter the housing 310 and
innar flow path 314, The device 208 includes 3 reguisior assembly 320 which is
mounted within the housing 310 and Is moveable vig 8 drive amrangement {not shown)
o interact with the flow porles 318 fo vary the flow through the flow path 314 and, for
example, impart pressure based wircless communication signals into the flow,

The ragulator assembly 320 includes a first surface 324 which is exposad {o the
fiow and which defines 2 conioal shaped geomeslry. This geomsiry, which is providsy
on a cap porlion 325, assists to provide o preferred flow regime within the fuld entering
the fow path 314, Specifically, the geomstry of the firgt swrface 324 sols 1o gradually
deflect the incoming flow 1o direct this glong the direction of the Tlow path 314, thus
minimising reductions In flow velociliss, for example caused by colliding flow streams
from opposing flow ports 318 Minimising such reductions in Tlow velocily may
thergfore permil 8 more uniform flow velocily distribution fo be achieved which in tum

may minimise large pressure varlations across the first surface 324, as Hustraled in the
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supsrimposed pressure plot 380 This may thersfors neulralise or minimise any
adverse biasihg of the regulator asssambly caused by such warigions in prossure
across the first surface,

The reguislor assembly 320 also defines a second swface 328 which s
gxposad o a compensation chamber 328 The compensation chamber 328 is in
prassure communication with the flow path 314 via g pressure conduit arrangement
352 which s porled at 2 beation 384 on the first swface 3240 In some embodiments
the geomelry of the first surface 324 may be sufficlent o neulraliss the adverse effscts
of & variable pressure across sald swrface 324 such that the port location 354 is not
aritical.  However, In other embodiments the device 208 may utilize the effect of any
ramaining pressurs varation and sslsct the port location 354 sppropristely o achisve a
desired biasing sffect of the regulator assembly 320

The flow ports 318 are obliqualy aligned relative o the central axis 380 of the
housing 310 which assists with osiablishing a Jdesirsd flow regime within the flow path
314, As fustrated, the flow ports 318 are generally wlined o correspond o the
geomsiy or profile of the first surface 324, further assisting creation of a desired Tlow
ragims,

The regulalor assembly 320 further comprises a filter 382 which funclions o
filter fuid being communicatsd {0 the compensation chamber 338 vin conduils 382
Also, & dynamic seal 337 is provided belwsen the regulator assembly 320 and the
housing 318 The seal 327 b provided o prevent lbakage of fuld between the
ragulator assembly 320 and housing 310, Such lsakage may otharwise resull in fuid
flow from the compensation chamber 328 and through the filler 382 into the flow path
314, However, the filter may be considered 0 reprasent a roestriclion to such How,
sspecially i fouled with parficulste matier, such that a back pressure may be crested
within the compensation chamber 328 which could adversely bias the reguistor
assombly 320 in a direction {o close the parts 318

A further allernative embaodiment of a flow control devics, in this case genarally
identified by refersnce numeral 308, Is shown in Figure 8. The device 308 of Figure §
s largely similar o that shown In Figure § and as such lke Teatures shars Hike
reference numerals, incremented by 100, For bravity of the present description ondy
the differences bobween the devices 208, 308 of Figures 5 and §, respectively, will be
dantified. In this case a first swfacs 424 of 3 reguinlor assembly 420 defines 3
parabolic conleal profile which funclions to minimise pressure varlations acrogss said

surface 424, A cenirally incated pressure conduit 842 extends through the reguiator
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assembly 420 which faciitales communication of pressure with a compensation
chambesr 428 Through sxperimeniation the present inventors have recognissd
surprisingly sffective rosulls with such a parabolic coniesl profile.

Raeforence s now made {o Figure 7 in which there & shown a flow control
davice 408 In zccordance with a fwuther allernative embodiment of the present
ivention. The fiow control device of Figure 7 s similar {o the device 208 in Flgure §,
and as such ke componants shars ke reference numerals, incremented by 2000 For
bravity of the present desoription only the diferences between the devices 208, 408 of
Figures § and 7, respeclively, will be ideniified. Thatis, & housing 51€ includes one or
more additional flow ports 570 {only one shown), which may be defined as bypass flow
ports,  These porls BFY ars nol affected by 2 reguiator assembly 520 and as such
remain open, which may have application in walls requiring a8 high flow capsclty
through the devics 408, It should be nolad thal the reguinior assembly 520 &
flustrated as inciuding a conical fivst surface 524, Howsver, any suilable goeomelry
may be selected, such as the parabolic conical geometry llustrated In Figuwre ©

it should be understood that the embodiments desoribad harein are mersly
axemplary and that various modifications may be mads therede without departing from
the scope of the present invention, For example, in some embodiments the varkous
dovices may be configured for outfiow of fluild from the respeclive flow paths, for
srample b facliiate fud injection,  Furthermors, the devices may be configured o
funcion o provide flow contral other than for ransmission of signals, for sxample o
function as inflow control devices, production/inisction chokes o the Bke. The devices
may be ulilised within other flow environments and are not resiricted for use within a

walibore,
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CLAIMS:

1. A flow control device, comprising:

a housing defining a flow path and including at least one flow port to permit fluid
communication between the flow path and an external location of the housing;

a compensation chamber;

a regulator assembly moveable in opposing first and second directions to
cooperate with the at least one flow port to vary flow along the flow path, wherein the
regulator assembly defines a first surface which is exposed to fluid flow within the flow
path such that said fluid flow establishes a pressure which varies across said first
surface, and an opposing second surface which is exposed to the compensation
chamber, and

a drive arrangement for moving the regulator assembly to vary the flow path;

wherein the compensation chamber is in pressure communication with a
localised region of the first surface of the regulator assembly to establish a
compensation chamber pressure which acts against the second surface of the
regulator assembly to bias the regulator assembly in one of the first and second
directions, wherein the compensation chamber pressure is a function of the position of

the localised region.

2. The device according to claim 1, for use with flow associated with a wellbore,

such as production flow or injection flow.

3. The device according to claim 1 or claim 2, configured for use within a wellbore

at a downhole location.

4. The device according to any one of claims 1 to 3, wherein the regulator
assembly is moveable to vary the flow path to impart pressure fluctuations within the

flowing fluid to provide for wireless communication.

5. The device according to any one of claims 1 to 4, wherein the regulator
assembly is biased in a direction in which the flow path is open, for example fully open.

6. The device according to any one of claims 1 to 5, wherein the position of the
localised region of the first surface determines the compensation chamber pressure

CA 2864972 2019-06-06
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and influences the magnitude of force applied on the regulator assembly through the

second surface.

7. The device according to any one of claims 1 to 6, wherein the compensation
chamber pressure correlates with, for example is substantially equalised with, the
pressure at the localised region of the first surface of the regulator assembly.

8. The device according to any one of claims 1 to 7, configured to establish a bias

force for all flowing conditions of fluid through the flow path.

9. The device according to any one of claims 1 to 8, comprising a pressure conduit
extending between the compensation chamber and the localised region of the first

surface of the regulator assembly to facilitate pressure communication therebetween.

10.  The device according to claim 9, wherein the pressure conduit is at least

partially provided as part of the regulator assembly.

11. The device according to claim 9 or claim 10, wherein the pressure conduit
defines a port within the first surface of the regulator assembly, such that the local
pressure acting against the first surface of the regulator assembly at the location of the

port is communicated to the compensation chamber.

12. The device according to any one of claims 1 to 11, wherein the pressure
variation across the first surface of the regulator assembly is established by a flow

regime of the fluid flowing through the flow path.

13. The device according to any one of claims 1 to 12, wherein the pressure
variation across the first surface of the regulator assembly is established by varying

flow velocities in the region of said first surface.

14. The device according to any one of claims 1 to 13, wherein at least one flow
port of the housing is defined in or through a wall of the housing, and/or at least one
flow port provides fluid communication between external and internal locations of the
housing, and/or at least one flow port permits communication between the flow path

and a subterranean zone, such as a production zone or injection zone.

CA 2864972 2019-06-06
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15. The device according to any one of claims 1 to 14, wherein at least one flow
port defines an inlet flow port for permitting inlet flow into the flow path and/or at least
one flow port defines an outlet flow port for permitting outlet flow from the flow path.

16.  The device according to any one of claims 1 to 15, the housing defining at least
two flow ports which in use define corresponding flow streams which collide to

generate a region of low flow velocity and high pressure.

17. The device according to any one of claims 1 to 16, wherein at least one flow
port of the housing defines a geometry to assist in creating a desired flow regime

through the flow path.

18. The device according to any one of claims 1 to 17, wherein at least one flow

port of the housing is obliquely aligned relative to a central axis of the housing.

19. The device according to any one of claims 1 to 18, wherein at least one flow
port defines a geometry which complements a geometry of the first surface of the

regulator assembly.

20. The device according to any one of claims 1 to 19, wherein the housing
comprises or defines at least one by-pass flow port.

21. The device according to any one of claims 1 to 20, wherein the first surface of
the regulator assembly defines a geometry to assist in creating a desired flow regime

and pressure distribution across said surface.

22. The device according to claim 21, wherein the first surface of the regulator
assembly defines a geometry which diverts, for example gradually diverts, fluid flow

along the direction of the flow path.

23. The device according to claim 21 or claim 22, wherein the first surface of the

regulator assembly defines a conical profile.

24.  The device according to any one of claims 21 to 23, wherein the first surface of

the regulator assembly defines a parabolic conical profile.

CA 2864972 2019-06-06
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25. The device according to any one of claims 1 to 24, configured to be mounted

within existing equipment within a wellbore.

26. The device according to any one of claims 1 to 25, configured to be installed

within a wellbore as part of a wellbore completion.

27. A method of controliing flow, comprising:
providing a flow control device, wherein the flow control device comprises:
a housing defining a flow path and inciuding at least one flow port to
permit fluid communication between the flow path and an external location of
the housing;
a compensation chamber;
a regulator assembly moveable in opposing first and second directions
to cooperate with the at least one flow port to vary flow along the flow path,
wherein the regulator assembly defines a first surface which is exposed to fiuid
flow within the flow path and an opposing second surface which is exposed to
the compensation chamber; and
a drive arrangement for moving the regulator assembly to vary the flow
path,
permitting fluid to flow through the flow path such that said fluid flow establishes
a pressure which varies across the first surface of the regulator assembly; and

communicating pressure from a localised region of the first surface of the
regulator assembly to the compensation chamber to establish a compensation
chamber pressure which is a function of the position of the localised region and which
acts against the second surface of the regulator assembly to bias the regulator
assembly in one of the first and second directions.

CA 2864972 2019-06-06
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