19 DANMARK (10)

(91)
(49)

(80)

(86)
(86)
(87)
(86)
(87)
(30)

(84)

(73)

(72)

(74)

(94)

(96)

DK/EP 3577313 13

(12) Overseettelse af
europeeisk patentskrift

Patent- g

Varemeerkestyreisen

nt.Cl.: E 21 B 43/08 (2006.01) E 21 B 43/12 (2006.01)

Oversacttelsen bekendtgjort den: 2021-04-12

Dato for Den Europaciske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2021-01-20

Europacisk ansggning nr.: 18704062.1

Europaeisk indleveringsdag: 2018-01-30

Den europaeciske ansggnings publiceringsdag: 2019-12-11
International ansggning nr.: GB2018050267
Internationalt publikationsnr.: WO2018142118

Prioritet: 2017-01-31 GB 201701590
Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

Patenthaver: Swellfix UK Limited, Vanguard House , Unit 1 Kingshill Commercial Park, Westhill, Aberdeenshire
AB32 6FQ, Storbritannien

Opfinder: GREEN, Annabel, Croft of Queensbriggs, Lumsden, Huntly, Aberdeenshire AB54 4JT, Storbritannien
WEBSTER, Oliver, Castlewells, Torphins, Aberdeenshire AB31 4JU, Storbritannien

PATTON, Damien Gerard, The Lodge, Kennethmont, Huntly , Aberdeenshire AB54 4NL, Storbritannien
GARDEN, Stephen, Maranda, Burnhervie, Inverurie, Aberdeenshire AB51 5JR, Storbritannien

ISMAIL, Ismarullizam Mohd, ¢/o Swellfix UK Limited, Vanguard House, Unit 1 , Kingshill Commercial Park,
Westhill, Aberdeenshire AB32 6FQ, Storbritannien

Fuldmaegtig i Danmark: Marks & Clerk (Luxembourg) LLP, 44 rue de la Vallee, B.P. 1775, L-1017 Luxembourg,
Luxembourg

Benaevnelse: STROMNINGSSTYRINGSANORDNING TIL BOREHUL OG FREMGANGSMADE

Fremdragne publikationer:
EP-A1- 2 333 235

EP-A2- 2 663 733
WO-A1-2008/143522
WO-A1-2016/059501
US-A1- 2013 008 513
US-A1- 2016 053 575



DK/EP 3577313 T3



DK/EP 3577313 T3

DESCRIPTION

FIELD

[0001] The present disclosure relates to a downhole flow control device and uses thereof in oll
and gas operations.

BACKGROUND

[0002] Multi-zone wellbore completions often include downhole flow control devices which
assist to provide a desired inflow or outflow profile across the completion. For example, inflow
control devices may be arranged to provide a greater flow restriction or choking effect in high
permeability formation zones relative to lower permeability zones, thus allowing a more even
production profile to be achieved. Such flow control may assist to prevent or minimise early
water breakthrough in some zones, for example. This concept of flow control is well known In
the art, and the principles can also be utilised to provide a desired injection profile.

[0003] Many wellbore operations may require the capability to reverse flow, for example
between cycles or periods of Injection and production. It might be desirable to provide a
different restriction to flow during production and injection phases, which may not be possible
with fixed restriction flow control devices. For example, some applications may require
Increased restriction to flow during periods of production relative to periods of injection, or vice
versa. Further, while flow in one direction might desirably be restricted or choked, reverse flow
may be preferred with minimal restriction or choking.

[0004] US2016/053575 relates to a bidirectional flow control device for attachment to a tubular
member Including a nozzle insert comprising a first sealable surface, the nozzle insert
comprising a nozzle passage, and a second sealable surface for mating with the first sealable
surface, and a first biasing member seat.

[0005] US2013/008513 relates to an improved method for reversed flow through a self-
adjustable (autonomous) valve or flow control device comprising the step of providing an
overpressure on the side of the valve opposite of the side of the Inlet exceeding a
predetermined biasing force of the resilient member causing lifting of the inner body part within
the outer body part against said biasing force.

[0006] WO2016/059501 relates to a downhole flow control device comprising a housing to be
secured within a wall of a tubular and comprising an inlet port, an outlet port and a valve seat

surface surrounding the inlet port.

[0007] EP2333235 relates to a downhole inflow control valve for controlling the inflow of fluid
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from outside of a casing, such as from a reservoir or from an intermediate casing, and into the
casing.

[0008] WO2008/143522 relates to a valve for a production liner in connection with the
extraction of oill and gas, arranged to automatically shut of the flow of fluid into the production
iner In the event of a gas break-through, whereby the valve comprises a valve seating
containing at least one central inflow channel and one or more outflow channels from the
valve.

[0009] EP2663 733 relates to a method and apparatus for of controlling the flow of a fluid.

SUMMARY

[0010] In one aspect of the present disclosure there I1s provided a downhole flow control
device, comprising:

a body locatable within a wall of a tubular, wherein the body defines a flow path therethrough
to accommodate flow In reverse first and second directions between Internal and external
locations of the tubular in use;

a regulator member mounted within the body and being moveable between first and second
positions In accordance with flow direction through the body, wherein the regulator member is
locatable In the first position during flow through the body In the first direction to provide a first
restriction to flow, and the regulator member is locatable

[0011] in the second position during flow through the body in the second direction to provide a
second restriction to flow, wherein the first and second restrictions to flow are different.

[0012] Accordingly, the flow control device accommodates flow In reverse directions through
the flow path, with a change In flow direction (for example as a result of switching from
production to injection, or vice versa) causing the flow control device to reconfigure to provide
a change In the restriction to flow. Such a change in restriction to flow may be achieved
autonomously, by movement of the regulator member In response to the change In flow
direction. This autonomous change In flow restriction may avoid or minimise requirement for
complex control and actuator systems.

[0013] The flow control device may thus provide a different restriction to flow depending on
flow direction, which may improve functionality and suitability for a wider range of operations
covering both injection and production, for example.

[0014] In use, the flow control device may provide a degree of flow control (for example by
providing a choking effect) of fluid flowing into an associated tubular from an external location
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via the flow control device (for example in production operations), and/or fluid flowing from the
assoclated tubular into an external location via the flow control device (for example In injection
operations). In some embodiments the external location may be defined by a wellbore annulus,
a subterranean formation, or the like.

[0015] One or both of the first and second restrictions to flow may provide a choking effect to
fluid flowing through the flow control device. One or both of the first and second restrictions to
flow may function to establish a back pressure in fluid flowing through the flow control device.

[0016] The first and second restrictions to flow may be selected in accordance with a user
preference, for example in accordance with well design requirements and protocols, such as
according to desired inflow and/or outflow profiles across a length of an associated well,
drawdown requirements and the like. The first and second restrictions to flow may be selected
Independently of each other.

[0017] In one example the first restriction to flow may be larger than the second restriction to
flow. That is, the first restriction to flow may provide a larger choking effect to flow. In such an
arrangement a greater choking effect may be provided during flow in the first direction than
during flow in the second direction.

[0018] In an alternative example the second restriction to flow may be larger than the first
restriction to flow.

[0019] The flow control device may be arranged such that the first direction defines inflow
(e.g., production) Iinto an associated tubular, and the second direction defines outflow (e.g.,
Injection) from an associated tubular. Alternatively, the flow control device may be arranged
such that the first direction defines outflow (e.g., injection) from an associated tubular, and the
second direction defines inflow (e.g., production) into an associated tubular.

[0020] The flow control device may be arranged, for example oriented, relative to the
associated tubular, in accordance with user preference, for example to ensure the first and
second restrictions to flow are associated with respective desired flow directions, such as inflow
and outflow.

[0021] The regulator member may be located within a pocket formed within the body. The
pocket may form part of the flow path through the body.

[0022] The flow control device may comprise a first opening arrangement for permitting flow
Into or from the flow path of the body, depending on flow direction. In one example the first
opening arrangement may define a fluid inlet during flow in the first direction, and a fluid outlet
during flow in the second direction. The reverse may be provided.

[0023] The first opening arrangement may be provided or formed within, for example directly
within, the body.
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[0024] The body may comprise an interface for a tool.

[0025] The first opening arrangement may comprise at least one flow port. The at least one
flow port may be provided in an axial direction, for example with respect to a centre (e.g.,
longitudinal) axis of the body. The at least one flow port may be provided in a radial direction,
for example with respect to a centre (e.g., longitudinal) axis of the body. The at least one flow
port may be provided In an oblique direction, for example with respect to a centre (e.g.,
longitudinal) axis of the body.

[0026] In one example the first opening arrangement may comprise a plurality of flow ports.
The plurality of flow ports may comprise at least one axial flow port. The at least one axial flow
port may be coaxial with the flow path through the body. The at least one flow port may be
laterally offset from a central axis of the body.

[0027] The plurality of flow ports of the first opening arrangement may comprise a plurality of
axial flow ports. A plurality of circumferentially arranged flow ports may be provided (e.qg.
circumferentially arranged axial flow ports). The plurality of circumferentially arranged axial flow
ports may be arranged around a central axial flow port.

[0028] The plurality of flow ports of the first opening arrangement may comprise at least one
radial flow port. The plurality of flow ports may comprise a plurality of circumferentially
arranged radial flow ports.

[0029] The plurality of flow ports of the first opening arrangement may comprise at least one
axial flow port and at least one radial flow port. In one example the plurality of flow ports may
comprise a central axial flow port and a plurality of radial flow ports arranged circumferentially
around the central axial flow port. At least one or each of the plurality of flow ports may be
located In a recessed region. Such a recessed region may provide an interface for a tool.

[0030] At least one flow port of the first opening arrangement may be obliquely aligned relative
to a centre (e.g., longitudinal) axis of the body.

[0031] The first opening arrangement may be selected to provide a flow area which provides
minimal restriction to flow. The first opening arrangement may define a lower restriction to flow
than both the first and second restrictions to flow. That is, the first opening arrangement may
not contribute, or provide minimal contribution to, either the first or second restrictions to flow.

[0032] The flow control device may comprise a second opening arrangement for permitting
flow Into or from the flow path of the body, depending on flow direction. In one example the
second opening arrangement may define a fluid outlet during flow in the first direction, and a
fluid inlet during flow In the second direction. The reverse may be provided.

[0033] The second opening arrangement may comprise at least one flow port. The at least
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one flow port may comprise an orifice. The at least one flow port may be provided in an axial
direction, for example with respect to a centre (e.g., longitudinal) axis of the body. The at least
one flow port may be provided in a radial direction, for example with respect to a centre (e.g.,
longitudinal) axis of the body. The at least one flow port may be provided In an oblique
direction, for example with respect to a centre (e.g., longitudinal) axis of the body.

[0034] In one example the second opening arrangement may comprise a plurality of flow
ports, which may be one or a combination of axial, radial and obliquely aligned.

[0035] The second opening arrangement may comprise a single flow port. The single flow port
may be an axial flow port, for example aligned with a central axis of the body.

[0036] The second opening arrangement may be provided or formed within, for example
directly within, the body.

[0037] The second opening arrangement may be provided on a nozzle mounted on the body.
The nozzle may comprise a disk mounted within the body. The nozzle may be press-fitted,
shrink fitted, bonded, welded, threadedly connected (e.g. screwed) or the like within the body.
The nozzle may be replaceable. The replaceable nature of the nozzle may permit redress
operations, for example to replace an eroded nozzle. The replaceable nature of the nozzle
may permit a user to more appropriately provide a desired size or form of second opening
arrangement.

[0038] The second opening arrangement may provide or establish the second restriction to
flow. That Is, during flow In the second direction the second opening arrangement may be
responsible for the second restriction to flow. In one example where the second opening
arrangement 1s provided In a nozzle, the second restriction to flow may be provided In
accordance with appropriate selection of the nozzle. The flow area defined by the second
opening arrangement may define the second restriction to flow.

[0039] The regulator member may comprise a regulator opening arrangement providing fluid
communication through the regulator member. The regulator opening arrangement may
provide or establish the first restriction to flow. That is, during flow In the first direction the
regulator opening arrangement may be responsible for the first restriction to flow. The flow
area defined by the regulator opening arrangement may define the first restriction to flow.

[0040] The regulator opening arrangement may comprise at least one flow port extending
therethrough. The at least one flow port may comprise an orifice. The at least one flow port
may be defined by a through bore. The regulator opening arrangement may comprise a single
flow port, such as a single orifice. The single flow port may be aligned with a central axis of the
regulator member.

[0041] In one example the regulator opening arrangement may comprise a plurality of flow
ports extending therethrough.
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[0042] VWhen the regulator member is In its first position substantially all flow through the flow
control device may be provided through the regulator opening arrangement, and thus
restricted in accordance with the first restriction to flow.

[0043] VWhen the regulator member is In its first position flow may be prevented from bypassing
the regulator opening arrangement. In one example the regulator member may sealingly
engage a region of the flow control device to prevent fluid bypassing the regulator opening
arrangement. In one example the regulator member may sealingly engage around, for
example circumferentially around, a periphery of the second opening arrangement, such that
flow I1s restricted through the regulator opening arrangement, for example prior to exiting via
the second opening arrangement.

[0044] In one example the regulator member may sealingly engage a nozzle which includes
the second opening arrangement.

[0045] The regulator member may comprise a sealing arrangement to permit sealing
engagement with a region of the flow control device, for example with a nozzle of the flow
control device. The regulator member may comprise one or more sealing ribs. In one example
the regulator member may comprise a circumferential sealing rib which Is arranged to
circumscribe the second opening arrangement. The circumferential sealing rib may extend
outwardly, for example axially outwardly, from a surface of the regulator member. The
provision of a rib may assist to maximise the pressing force against the region of the flow
control device for the available pressure.

[0046] In some examples the sealing arrangement may comprise one or more sealing
members, such as an O-ring. For example, a sealing member may be provided on or within a
surface of the regulator member, such as within a recessed region.

[0047] VWhen the regulator member is In its second position flow may be permitted to bypass
the regulator opening arrangement. Accordingly, the effect of the regulator opening
arrangement in providing any restriction to flow will be largely neutralised, with flow being
restricted in accordance with the second restriction to flow, for example as provided by the
second opening arrangement.

[0048] The regulator member may be provided in the form of a disk.

[0049] The regulator member may be moveable between its first and second positions by
action of fluid flow. For example, the regulator member may be entrained with fluid flow. The
regulator member may be moveable In accordance with a pressure differential on opposing
sides of the flow control device (i.e., between internal and external regions of an associated
tubular).

[0050] The regulator member may be biased towards one of the first and second positions. In
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one example the regulator member may be biased towards its first position. The flow control
device may comprise a biasing arrangement for biasing the regulator member in a desired
direction. The biasing arrangement may comprise one or more springs. In one example the
biasing arrangement may comprise a wave spring.

[0051] Any bias effect provided on the regulator member will need to be overcome to facilitate
movement of the regulator member in one direction. The bias effect or force may determine a

required differential pressure on opposing sides of the flow control device to initiate movement
of the regulator member against the bias.

[0052] In one example the body may be provided separately from the tubular and mounted
thereon, for example within a bore formed Iin a wall of the tubular. The body may comprise a
threaded connection for threaded mounting on a tubular.

[0053] In one example at least part of, and in some examples all of the body may be defined
by the tubular, for example integrally formed as part of a wall of the tubular.

[0054] The tubular may form part of a wellbore completion, such as a production completion,
Injection completion, multi-purpose completion or the like. The tubular may comprise a
production tubular, injection tubular, casing, liner, tool body or the like.

[0055] The tubular may be Installed In an existing construction, for example an existing
wellbore. In one example the tubular, having a downhole flow control device installed therein,
may be Installed in an existing wellbore so as to replace an existing tubular in an existing
construction. As such, retrofitting of a downhole flow control device Iin an existing construction
may be possible.

[0056] The flow control device may define or function as an inflow control device (ICD), for
example during flow in one direction. The flow control device may define or function as an
outflow control device, for example during flow in an opposite direction.

[0057] In use, multiple flow control devices may be provided along a wellbore completion
system, to accommodate inflow and outflow relative to the completion system. Two or more
flow control devices may be configured to provide different levels of flow control. For example,
two or more flow control devices may be configured to provide different individual restrictions to
flow. Such different flow restrictions may be achieved by included different nozzles, regulator
members or the like.

[0058] In one example the flow control device may be Installed within a tubular which forms
part of a wellbore system Intended to accommodate sequential injection and production
operations. For example, the flow control device may accommodate a period of injection,
followed by a period of production, with possible further cycles as required. As defined above,
different flow restrictions may be provided dependent on whether injection or production Is
present.
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[0059] In some examples the flow control device may provide a desired restriction to flow
during injection operations to provide or establish a desired injection distribution or profile. The
flow control device may then provide a different desired restriction to flow for production.

[0060] The flow control device may accommodate sequential stimulation and production
operations. Stimulation operations may include injection of a stimulation fluid, such as water,
acid, steam or the like. Such stimulation operations may assist to improve efficiency of a
subsequent production operation.

[0061] In one example the flow control device may form part of a wellbore system for providing
cyclic steam stimulation (CCS) operations. Such CCS operations may be provided within
vertical wellbores, for example. Applications may also exist in horizontal or deviated wells. CCS
operations may include an extended period, for example multiple days, weeks or months, of
Injecting steam into a formation via the flow control device. The flow control device may provide
a desired restriction to steam injection. VWwhen multiple flow control devices are used each
device may provide a local desired restriction to steam injection to provide a suitable injection
profile into the formation.

[0062] CCS operations may involve subsequent production operations via the flow control
device or devices. Individual flow control device may provide a desired local production flow
restriction, which may provide a suitable production profile from the formation.

[0063] Thus, the flow control device may facilitate more balanced injection and production
profiles.

[0064] In one aspect of the present disclosure there is provided a downhole flow control
arrangement, comprising:

a downhole tubular; and

a flow control device according to any other aspect provided in a wall of the downhole tubular.

[0065] The downhole flow control arrangement may comprise multiple flow control devices
provided within the wall of the tubular. The downhole flow control arrangement may comprise
multiple flow control devices axially arranged along the tubular. At least two of the flow control
devices may be configured similarly, for example to each provide the same first and second
restrictions to flow. At least two of the flow control devices may be configured differently, for
example to provide different first and/or second restrictions to flow. Such an arrangement may
be provided to establish a desired inflow and/or outflow profile relative to the tubular.

[0066] In one aspect of the present disclosure there is provided a downhole flow control
method, comprising:
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providing flow in a first direction through a flow control device within a wall of a tubular, wherein
flow In said first direction locates a regulator member within the flow control device In a first
position to provide a first restriction to flow; and

subsequently providing flow In a reverse second direction through the flow control device,
wherein flow In said second direction locates the regulator member in a second position to
provide a second restriction to flow, wherein the first and second restrictions to flow are
different.

[0067] The flow control device may be provided in accordance with any other aspect.

[0068] In one aspect of the present disclosure there Is provided a downhole flow control
method, comprising:

Injecting a fluid into a formation via a flow control device within a wall of a tubular, wherein flow
In the Injection direction locates a regulator member within the flow control device In a first
position to provide a first restriction to flow; and

producing a fluid from the formation into the tubular via the flow control device, wherein flow In
the production direction locates the regulator member in a second position to provide a second
restriction to flow, wherein the first and second restrictions to flow are different.

[0069] The flow control device may be provided in accordance with any other aspect.

[0070] In one aspect of the present disclosure there is provided a downhole flow control
method, comprising:

producing a fluid into a formation via a flow control device within a wall of a tubular, wherein
flow In the Injection direction locates a regulator member within the flow control device in a first
position to provide a first restriction to flow; and

Injecting a fluid from the formation into the tubular via the flow control device, wherein flow In
the production direction locates the regulator member in a second position to provide a second
restriction to flow, wherein the first and second restrictions to flow are different.

[0071] The flow control device may be provided in accordance with any other aspect.

[0072] The injection of fluid may be provided as part of a stimulation process. The method may
comprise injecting a liquid. The method may comprise Injecting a gas. The method may
comprise injecting a steam.
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[0073] The method may be provided as part of a cyclic steam stimulation operation.

[0074] In one aspect of the present disclosure there Is provided a downhole steam stimulation
method, comprising:

Injecting a steam into a formation via a flow control device within a wall of a tubular, wherein
flow In the Injection direction locates a regulator member within the flow control device In a first
position to provide a first restriction to flow; and

producing a fluid from the formation into the tubular via the flow control device, wherein flow In
the production direction locates the regulator member in a second position to provide a second
restriction to flow, wherein the first and second restrictions to flow are different.

[0075] The downhole steam stimulation method may comprise cyclically injecting steam and
subsequently producing a fluid.

[0076] In one aspect of the present disclosure there Is provided a downhole flow control
method, comprising:

providing flow In a first direction through multiple flow control devices axially arranged within a
wall of a tubular, wherein flow in said first direction locates a regulator member within each flow
control device In a first position to provide a first restriction to flow; and

subsequently providing flow In a reverse second direction through the flow control devices,
wherein flow In said second direction locates the regulator members In a second position to
provide a second restriction to flow, wherein the first and second restrictions to flow are
different.

[0077] One or more of the multiple flow control devices may be provided in accordance with
any other aspect.

[0078] The first restriction to flow provided by at least two flow control devices may be similar.
The first restriction to flow provided by at least two flow control devices may be different.

[0079] The second restriction to flow provided by at least two flow control devices may be

similar. The second restriction to flow provided by at least two flow control devices may be
different.

[0080] In one aspect of the present disclosure there is provided a downhole flow control
device, comprising:

a body locatable within a wall of a tubular, wherein the body defines a flow path therethrough
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to accommodate flow In reverse first and second directions between internal and external
locations of the tubular in use;

a regulator member mounted within the body and being moveable between first and second
positions in accordance with flow direction through the body, wherein the regulator member Is

locatable in the first position during flow through the body In the first direction to provide a first
restriction to flow, and the regulator member i1s locatable in the second position during flow
through the body in the second direction to provide a second restriction to flow.

[0081] In one example the first and second restrictions to flow are optionally different.

[0082] Features defined In relation to one aspect may be provided in combination with any
other aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0083] These and other aspects of the present disclosure will now be described, by way of
example only, with reference to the accompanying drawings, in which:

Figure 1 1s a side elevation view of a downhole flow control device;

Figure 2 Is a partial cut-away perspective view of the flow control device of Figure 1;
Figure 3 Is a perspective view of a body portion of the flow control device of Figure 1;
Figure 4 I1s a perspective view of a spring of the flow control device of Figure 1;

Figure 5 1s a perspective view of a regulator member of the flow control device of Figure 1;
Figure 6 Is a perspective view of a nozzle of the flow control device of Figure 1;

Figure /7 1s a sectional perspective view of the flow control device of Figure 1 with flow in a first
direction;

Figure 8 Is a sectional perspective view of the flow control device of Figure 1 with flow In a
reverse second direction;

Figure 9 iIs partial sectional view of a downhole tubular arrangement which incorporates a flow
control device of Figure 1;

Figure 10 is a side elevation view of an alternative downhole flow control device;
Figure 11 Is a partial cut-away perspective view of the flow control device of Figure 10;

Figure 12 I1s a perspective view of a body portion of the flow control device of Figure 10;
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Figure 13 Is a perspective view of a spring of the flow control device of Figure 10;
Figure 14 is a perspective view of a regulator member of the flow control device of Figure 10;
Figure 15 Is a perspective view of a nozzle of the flow control device of Figure 10;

Figure 16 Is a sectional perspective view of the flow control device of Figure 10 with flow In a
first direction;

Figure 17 1s a sectional perspective view of the flow control device of Figure 10 with flow In a
reverse second direction;

Figure 18 Is a diagrammatic lillustration of a wellbore supporting an Injection operation,
specifically injection of steam as part of a cyclic steam stimulation operation; and

Figure 19 Is a diagrammatic illustration of the wellbore of Figure 18, supporting subsequent
production.

DETAILED DESCRIPTION OF THE DRAWINGS

[0084] Figure 1 provides a side view of a downhole flow control device, generally identified by
reference numeral 10. As will be described In further detail below the device 10 may be
secured within the wall of a downhole tubular, such as a completion tubular, for use In
providing a degree of flow control during inflow and/or outflow relative to the tubular. In the
present examples flow control includes providing a choking effect to the flow.

[0085] The flow control device 10 comprises a body 12 with an integrally formed head portion
14 and threaded portion 16 which facilitates connection within a threaded port in a wall of a
tubular member, as will be described In further detail below.

[0086] Reference is additionally made to Figures 2 to 6, wherein a partially cut-away
perspective view of the device 10 Is shown In Figure 2, and individual components of the

device 10 are Iillustrated in isolation Iin Figures 3 10 6.

[0087] The device Includes a first opening arrangement comprising an array of ports,
specifically a central axial port 18 and multiple radial ports 20 circumferentially arranged
around the central axial port 18. The flow area defined by the ports 18, 20 of the first opening
arrangement Is intended to provide minimal restriction to flow. The radial flow ports 20 are
provided In respective outer recessed regions 22 which provide an interface for a suitable tool,
such as a wrench, to screw-tighten the device 10 into a threaded bore In a tubular.

[0088] The device 10 further comprises a nozzle disk 24 which defines a central nozzle orifice
26, wherein the nozzle disk 24 is mounted within a pocket 28 formed within the body 12. The
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central nozzle orifice 26 defines a second opening arrangement and the orifice size defines a
restriction to flow. For the purposes of the present description the nozzle orifice 26 defines a
second restriction to flow.

[0089] The body defines a cavity 30 therein which provides a flow path extending between the
ports 18, 20 of the first opening arrangement and the nozzle orifice 26 of the second opening
arrangement. As will be described In further detail below, the device 10 permits flow through
the flow path In reverse directions.

[0090] The device 10 further comprises a regulator member or disk 32 which I1s moveably
mounted within the cavity 30 of the body 12 between a first position, as illustrated in Figure 2,
and a second position, described and illustrated later. The regulator member 32 is biased by a
circumferential wave spring 34 towards its illustrated first position. The regulator member 32
Includes a regulator opening arrangement in the form of a central regulator orifice 36, wherein
the orifice size defines a restriction to flow. For the purposes of the present description the
regulator orifice 36 defines a first restriction to flow. In the present example the regulator orifice
36 Is smaller than the nozzle orifice 26 such that the first restriction to flow defined by the
regulator orifice 36 Is greater than the second restriction to flow defined by the nozzle orifice
26. As will be described In more detall below, depending on the positioning of the regulator
member 32 either the first or second restriction to flow will provide a controlling effect to the
flow.

[0091] The regulator member 32 includes a circumferential rib 38 which extends axially from
one side thereof. When the regulator member 32 is In the illustrated first position the rib 38 Is
engaged with an inner face 40 of the nozzle 24, with the rib 38 entirely circumscribing the
nozzle orifice 26. The rib 38 provides a degree of sealing against the nozzle 24 such that
substantially all flow through the device 10, with the regulator member 32 In the illustrated first
position, I1s provided through the regulator orifice 36, and thus subject to the first restriction to
flow. This is illustrated in Figure 7, reference to which is now made.

[0092] In this case flow Is provided In a first direction, illustrated by arrows 42, through the
device 10, from the first opening arrangement (ports 18, 20), which thus function as Inlets, to
the second opening arrangement (orifice 26), which thus functions as an outlet. In the present
example such flow in the first direction corresponds to a production direction.

[0093] During flow In the first direction the regulator member 32 is located within its first
position, such that the rib 38 Is engaged with the nozzle 24 to seal around the nozzle orifice 26.
The positioning of the regulator member 32 In this manner is a function of the flow direction
and the bias provided by the spring 34. Substantially all flow Is thus provided through the
regulator orifice 36. As the regulator orifice 36 Is smaller than the nozzle orifice 26, the flow will
thus be subject to the first restriction to flow.

[0094] Figure 8 illustrates the device 10 during flow In a reverse second direction, illustrated by
arrows 44. In the present example such flow in the second direction corresponds to flow in an
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Injection direction. VWWhen the pressure differential to facilitate flow in the second direction is
sufficient to exceed the bias provided by the spring 34, the regulator member 32 will lift from
the nozzle 24 and move to a second position. As such, the spring force may dictate a required
pressure differential before the device 10 will be reconfigured. The spring force may be
selected In accordance with a user preference, for example In accordance with field
requirements. In some examples the spring force may be selected to be equivalent to a
pressure differential in the range of 0.07 to 67 bar (1 to 1,000 psi), such as between 0.34 to
51.7 bar (5 to 750 psi), for example between 0.69 to 41.37 bar (10 to 600 psi)

[0095] VWhen the regulator member 32 i1s In its second position as illustrated in Figure 8 the
flow can bypass the regulator orifice 36 and flow through the cavity 30 within the body 12
before exiting via the ports 18, 20 of the first opening arrangement. Accordingly, the flow will be
restricted in accordance with the second restriction to flow dictated or provided by the nozzle
orifice 26.

[0096] Thus, In the present example the flow control device 10 can provide different
restrictions to flow depending on flow direction, with flow In the first direction (production
direction) being subject to a greater restriction than flow in the second direction (injection
direction). This may permit the flow control device to be used Iin applications when sequential
periods of production and Injection are intended, without potential disadvantages of both
production and injection being subject to a universal flow restriction. That is, the flow control
provided by the flow control device 10 can be optimised for each of production and injection,
for example by simple selection of the nozzle and regulator orifices 26, 36.

[0097] Furthermore, In the present example the regulator member 32 Is autonomously
reconfigured between its first and second positions to change the effective restriction to flow In
accordance with changes In flow directions. This may eliminate the requirement for more
complex control systems and apparatus.

[0098] Figure 9 provides a part sectional view of a portion of a downhole completion
arrangement 50 which incorporates the flow control device 10 first illustrated in Figure 1. The
completion arrangement includes a tubular 52 which includes a port 54 in a side wall thereof,
wherein the flow control device 10 iIs threadedly secured within the port 54. A screen (e.g.,
sand screen) 56 Is provided around the tubular 52, the arrangement being such that all flow
to/from the tubular 52 via the flow control device 10 must pass through the screen 56
(lllustrated by inflow arrows 58 and outflow arrows 60).

[0099] Although not shown multiple flow control devices 10 may be provided, arranged
circumferentially around the tubular at a common axial location.

[0100] In some applications one or more flow control devices 10 may be provided at a single
axial location within a wellbore completion. However, in other examples flow control devices
may be distributed axially along a completion and thus wellbore. In such a case at least two of
the flow control devices may provide different first and/or second restrictions to flow. This may
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permit preferred injection and/or production profiles to be achieved along the wellbore. An
example of this will be described later.

[0101] In the example provided above the flow control device 10 functions to provide a greater
restriction to production than injection. However, the reverse iIs possible. This may be achieved
by mounting the device 10 in an inverted manner. However, In other cases some modifications
may be provided, as will now be described.

[0102] Figure 10 provides a side view of a downhole flow control device, generally identified by
reference numeral 110. Device 110 i1s similar in many respects to device 10 first shown In
Figure 1 and as such like features share like reference numerals, incremented by 100. As In
the earlier example, the device 110 may be secured within the wall of a downhole tubular, such
as a completion tubular, for use In providing a degree of flow control during inflow and/or
outflow relative to the tubular. In the present examples flow control includes providing a
choking effect to the flow.

[0103] The flow control device 110 comprises a body 112 with an integrally formed head
portion 114 and threaded portion 116 which facilitates connection within a threaded port In a
wall of a tubular member, for example within tubular member 52 of Figure 9.

[0104] Reference Is additionally made to Figures 11 to 15, wherein a partially cut-away
perspective view of the device 110 1s shown In Figure 11, and individual components of the
device 110 are illustrated in isolation in Figures 12 to 15.

[0105] The device 110 includes a first opening arrangement comprising an array of axial ports,
specifically a central port 118 and multiple surrounding ports 120 (see Figure 12)
circumferentially arranged around the central port 118. The flow area defined by the ports 118,
120 of the first opening arrangement is intended to provide minimal restriction to flow.

[0106] The device 110 further comprises a nozzle disk 124 which defines a central nozzle
orifice 126, wherein the nozzle disk 124 i1s mounted within a pocket 128 formed within the body
112. The central nozzle orifice 126 defines a second opening arrangement and the orifice size
defines a restriction to flow. For the purposes of the present description the nozzle orifice 126
defines a second restriction to flow.

[0107] The body defines a cavity 130 therein which provides a flow path extending between
the ports 118, 120 of the first opening arrangement and the nozzle orifice 126 of the second
opening arrangement. As will be described In further detail below, the device 110 permits flow
through the flow path in reverse directions.

[0108] The device 110 further comprises a regulator member or disk 132 which 1s moveably
mounted within the cavity 130 of the body 112 between a first position, as illustrated in Figure
11, and a second position, described and illustrated later. The regulator member 132 Is biased
by a circumferential wave spring 134 towards its illustrated first position. The regulator member
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132 Includes a regulator opening arrangement in the form of a central regulator orifice 136,
wherein the orifice size defines a restriction to flow. For the purposes of the present description
the regulator orifice 136 defines a first restriction to flow. In the present example the regulator
orifice 136 1s smaller than the nozzle orifice 126 such that the first restriction to flow defined by
the regulator orifice 136 Is greater than the second restriction to flow defined by the nozzle
orifice 126. As will be described In more detail below, depending on the positioning of the
regulator member 136 either the first or second restriction to flow will provide a controlling
effect to the flow.

[0109] The regulator member 132 includes a circumferential rib 138 which extends axially from
one side thereof. WWhen the regulator member 132 is In the illustrated first position the rib 138
IS engaged with an inner face 140 of the nozzle 124, with the rib 138 entirely circumscribing the
nozzle orifice 126. The rib 138 provides a degree of sealing against the nozzle 124 such that
substantially all flow through the device 110, with the regulator member 132 In the illustrated
first position, 1s provided through the regulator orifice 136, and thus subject to the first
restriction to flow. This is illustrated in Figure 16, reference to which is now made.

[0110] In this case flow Is provided In a first direction, illustrated by arrows 142, through the
device 110, from the first opening arrangement (ports 118, 120), which thus function as inlets,
to the second opening arrangement (orifice 126), which thus functions as an outlet. In the
present example such flow in the first direction corresponds to an injection direction.

[0111] During flow In the first direction the regulator member 132 is located within its first
position, such that the rib 138 I1s engaged with the nozzle 124 to seal around the nozzle orifice
126. The positioning of the regulator member 132 In this manner is a function of the flow
direction and the bias provided by the spring 134. Substantially all flow is thus provided through

the regulator orifice 136. As the regulator orifice 136 1s smaller than the nozzle orifice 126, the
flow will thus be subject to the first restriction to flow.

[0112] Figure 17 illustrates the device 110 during flow Iin a reverse second direction, illustrated
by arrows 144. In the present example such flow in the second direction corresponds to flow In
a production direction. When the pressure differential to facilitate flow in the second direction Is
sufficient to exceed the bias provided by the spring 134, the regulator member 132 will lift from
the nozzle 124 and move to a second position. As such, the spring force may dictate a

required pressure differential before the device 110 will be reconfigured, in the same manner
as described above In relation to device 10.

[0113] When the regulator member 132 is In its second position as illustrated in Figure 17 the
flow can bypass the regulator orifice 136 and flow through the cavity 130 within the body 112
before exiting via the ports 118, 120 of the first opening arrangement. Accordingly, the flow will
be restricted In accordance with the second restriction to flow dictated or provided by the
nozzle orifice 126.

[0114] Examples of flow control devices according to the present disclosure may be used In
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numerous applications. One exemplary application will now be described with reference to
Figures 18 and 19, which diagrammatically illustrate sequential stages of a cyclic steam
stimulation (CCS) process.

[0115] Referring initially to Figure 18 a wellbore, in this case a vertical wellbore 200, extends
through multiple formation zones 202a, b, ¢ which may contain heavy oill components which
might be otherwise difficult to produce. The wellbore 200 is lined with casing/liner tubing 204
using cement 206, and a completion 208 string I1s deployed within the casing/liner 204. The
completion string 208 includes a number of axially spaced packers 210a, b, ¢ which provide
seals In the annulus 212 formed between the completion string 208 and casing/liner 204 to
define individual isolated zones 214a, b, ¢. The casing/liner 204 and cement 206 are
perforated 216 In each zone 214a, b, ¢ to provide communication between the isolated
annulus zones 214a, b, ¢ and respective formation zones 202a, b, ¢. The completion string
208 Includes a number of flow control devices 218 provided within each zone 214a, 214D,
214c, wherein the flow control devices 218 may be provided in accordance with any of the
previous flow control devices 10, 110 described herein.

[0116] VWhen all matters concerning well completion are finalised, steam is injected through the
completion string 208, identified by arrow 220, and into the formation zones 202a, b, ¢ via the
flow control devices 218. The flow control devices 218 are configured such that during injection
the restriction to flow In each zone provides a desired injection profile across the entire
formation. In the present example the restriction to flow in the injection direction is intended to
substantially evenly balance the injection of steam across the zones, to thus provide a uniform
heating effect. Such a balanced profile may be achieved by providing a different flow restriction
effect In each zone, or indeed, If it provides the desired balancing effect, having at least two
zones with the same restriction to flow.

[0117] Steam Injection may be performed for a desired period, which may be a number of
days, weeks or months, to heat the resident mineral resource within the formation zones 202a,
b, ¢ and improve their mobility. Steam injection may be ceased and production Initiated, as
llustrated by arrow 222 in Figure 19, with production from each formation zone 202a, b, c
being achieved through the flow control devices 218. As described previously, the change In
flow direction will have the effect of reconfiguring the flow control devices 218 to provide a
different restriction to flow. The flow control devices 218 are configured such that during
production the restriction to flow in each zone provides a desired production profile across the
entire formation. In the present example the restriction to flow in the production direction is
Intended to substantially evenly balance the production from the different formation zones
202a, b, c. Such a balanced profile may be achieved by providing a different flow restriction
effect In each zone, or indeed, If it provides the desired balancing effect, having at least two
zones with the same restriction to flow.

[0118] In alternative examples the desired Injection and/or production profiles may be
desirably unbalanced, and the various flow restrictions provided by the flow control devices 218
IN each zone may be selected accordingly.
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[0119] It should be understood that the examples described herein are merely exemplary and

that various modifications may be made thereto, without departing from the scope of the
present disclosure.
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STROMNINGSSTYRINGSANORDNING TIL BOREHUL OG FREMGANGSMADE

PATENTKRAV

1 Stromningsstyringsanordning til borchul omfattende:

et legeme (12), der kan placeres inde 1 en vaeg af et ror, hvor legemet (12) definerer en
stromningsbane derigennem til at modtage stromning 1 modsatte forste og anden retninger mellem

indvendige og udvendige steder af roret 1 anvendelse;

¢t regulatorelement (32), der er monteret inde 1 legemet (12) og kan bevaeges mellem forste og
anden positioner 1 henhold til stromningsretning gennem legemet, hvor regulatorelementet (32) kan placeres
1 den forste position under stromning gennem legemet 1 den forste retning for at tilvejebringe en forste
stromningsbegransning, og regulatorelementet (32) kan placeres 1 den anden position under stromning
gennem legemet (12) 1 den anden retning for at tilvejebringe en anden stromningsbegransning, hvor den

forste og den anden stromningsbegransning er forskellige;

en abningsanordning til at tillade stromning ind 1 eller fra legemets (12) stromningsbane 1 henhold
til stromningsretningen, hvor abningsanordningen tilvejebringer den anden stromningsbegransning og er

tilvejebragt pa en udskiftelig dyse (24), der er monteret pa legemet (12).

2. Stromningsstyringsanordning til borehul ifelge krav 1, hvor den forste stromningsbegransning er

storre end den anden stromningsbegraensning.

3. Stromningsstyringsanordning til borehul ifelge krav 1 eller 2, hvor regulatorclementet (32) er
placeret inde 1 en lomme, der er dannet inde 1 legemet (12), hvilken lomme definerer mindst en del af

stromningsbanen gennem legemet (12).

1 Stromningsstyringsanordning til borehul ifolge et hvilket som helst foregaende krav, hvor legemet

(12) omfatter en granseflade til et redskab.

3. Stromningsstyringsanordning til borehul ifolge et hvilket som helst foregaende krav, hvilken
anordning omfatter en yderligere abningsanordning til at tillade stromning ind 1 eller fra legemets (12)

stromningsbane 1 henhold til stromningsretningen;

den yderligere abningsanordning definerer eventuelt et fluidindleb under stromning 1 den forste

retning, og et fluidudleb under stromning 1 den anden retning;

den yderligere abningsanordning omfatter eventuelt mindst én stromningsport, eller en flerhed af
stromningsporte;

mindst ¢n stromningsport er eventuelt tilvejebragt 1 et forsaenket omrade, eller hver af flerheden af
stromningsporte er tilvejebragt 1 et forsaenket omrade;

og det forsenkede omrade tilvejebringer eventuelt en granseflade til et redskab.

6. Stromningsstyringsanordning til borchul ifelge krav 5, hvor den yderligere abningsanordning
definerer en lavere stromningsbegransning end bade den forste og den anden stromningsbegransning;

og/eller

hvor den yderligere abningsanordning omfatter et system af stromningsporte, der er anbragt 1 en

radial konfiguration.



10

15

20

25

30

35

DK/EP 3577313 T3

-2 -
7. Stromningsstyringsanordning til borechul ifelge et hvilket som helst foregaende krav, hvor

abningsanordningen definerer et fluidudleb under stromning 1 den forste retning, og et fluidindleb under

stromning 1 den anden retning;
abningsanordningen omfatter eventuelt mindst én stromningsport;
den mindst ene stromningsport omfatter eventuelt en abning.

8. Stromningsstyringsanordning til borehul ifelge et hvilket som helst foregaende krav, hvor
regulatorelementet (32) omfatter en regulatorabningsanordning, der tilvejebringer fluidforbindelse gennem

regulatorelementet (32);
regulatorabningsanordningen tilvejebringer eventuelt den forste stromningsbegransning;
regulatorabningsanordningen omfatter eventuelt endvidere mindst €n stromningsport;
den mindst ene stromningsport omfatter eventuelt endvidere en abning.

9. Stromningsstyringsanordning til borehul ifolge krav 8, hvor, nar regulatorelementet (32) er 1 dets
forste position, 1 alt vasentligt al stromning gennem stromningsstyringsanordningen tilvejebringes gennem
regulatorabningsanordningen og begranses dermed 1 overensstemmelse med den  forste

stromningsbegransning.

10. Stromningsstyringsanordning til borehul ifelge krav 8 eller krav 9, hvor regulatorelementet (32)
teetnende gar 1 indgreb med et omrade af stromningsstyringsanordningen for at forhindre fluid 1 at omga
regulatorabningsanordningen, nar regulatorclementet (32) er 1 dets forste position, og/eller
regulatorelementet (32) omfatter en taetningsanordning, der eventuelt omfatter mindst €n tetningsribbe, til

at muliggore tetningsindgreb med et omrade af stromningsstyringsanordningen; eller

mindst ¢n stromningsport er tilvejebragt 1 et forsenket omrade, og nar regulatorelementet (32) er 1
dets forste position, regulatorclementet (32) gar 1 taxtnende indgreb omkring en periferi af

abningsanordningen, saledes at stromning begranses gennem regulatorabningsanordningen.

11. Stromningsstyringsanordning til borechul ifolge et hvilket som helst af kravene 8 til 10, hvor, nar

regulatorelementet (32) er 1 dets andet position, stromning tillades at omga regulatorabningsanordningen.

12. Stromningsstyringsanordning til borchul ifelge et hvilket som helst foregaende krav, hvor

regulatorelementet (32) er forspendt mod ¢n af den forste og den anden position;
cventuelt hvor regulatorelementet (32) er forspandt mod dets forste position.

13. Stromningsstyringsanordning til borechul ifelge et hvilket som helst foregaende krav, hvilken
anordning omfatter en forspandingsanordning til forspanding af regulatorclementet (32) 1 en onsket
retning;

forspaendingsanordningen omfatter eventuelt mindst €n fjeder;

forspaendingsanordningen definerer eventuelt et kravet differentialtryk pa modstaende sider af

stromningsstyringsanordningen for at initicre bevagelse af regulatorelementet (32) mod forspendingen.
14. Stromningsstyringsanordning til borehul, hvilken anordning omfatter:

¢t ror 1 et borehul og
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en stromningsstyringsanordning ifolge et hvilket som helst foregaende krav, der er tilvejebragt i en

vag af roret nede 1 borehullet.
15. Fremgangsmade til stromningsstyring i borehul, hvilken fremgangsmade omfatter:

tilvejebringelse af stromning 1 en forste retning gennem en stromningsstyringsanordning ifolge
krav 1-14 inde 1 en vaeg af et ror, hvor stromning i1 den forste retning placerer et regulatorelement (32) inde 1

stromningsstyringsanordningen 1 en forste position for at tilvejebringe en forste stromningsbegransning; og

cfterfolgende tilvejebringelse af stromning 1 en omvendt anden retning gennem
stromningsstyringsanordningen, hvor stromning 1 den anden retning placerer regulatorelementet (32) 1 en
anden retning for at tilvejebringe en anden stromningsbegransning, hvor den forste og den anden

stromningsbegransning er forskellige;

hvor stromningsstyringsanordningen omfatter en abningsanordning til at tillade stromning ind 1
cller fra legemets (12) stromningsbane 1 henhold til stromningsretningen, hvor abningsanordningen
tilvejebringer den anden stromningsbegransning og er tilvejebragt pa en udskiftelig dyse (24), der er

monteret pa legemet (12).
16. Fremgangsmade til stromningsstyring i borehul, hvilken fremgangsmade omfatter:

indsprojtning af et fluid 1 en formation via en stremningsstyringsanordning ifolge krav 1-14 inde 1
en veg af et ror, hvor stromning 1 indsprojtningsretningen placerer et regulatorelement (32) inde 1

stromningsstyringsanordningen 1 en forste position for at tilvejebringe en forste stromningsbegransning; og

produktion af et fluid fra formationen ind 1 roret via stromningsstyringsanordningen, hvor
stromning 1 produktionsretningen placerer regulatorelementet (32) 1 en anden position for at tilvejebringe en

anden stromningsbegransning, hvor den forste og den anden stromningsbegransning er forskellige;

hvor stromningsstyringsanordningen omfatter en abningsanordning til at tillade stromning ind 1
cller fra legemets (12) stromningsbane 1 henhold til stromningsretningen, hvor abningsanordningen
tilvejebringer den anden stromningsbegransning og er tilvejebragt pa en udskiftelig dyse (24), der er

monteret pa legemet (12).
17. Fremgangsmade til dampstimulering 1 borehul, hvilken fremgangsmade omfatter:

indsprojtning at en damp 1 en formation via en stromningsstyringsanordning itelge krav 1-14 inde 1
en veg al et ror, hvor stromning 1 indsprojtningsretningen placerer et regulatorelement (32) inde 1

stromningsstyringsanordningen 1 en forste position for at tilvejebringe en forste stromningsbegransning; og

produktion af et fluid fra formationen ind 1 reret via stromningsstyringsanordningen, hvor
stromning 1 produktionsretningen placerer regulatorelementet (32) 1 en anden position for at tilvejebringe en

anden stromningsbegransning, hvor den forste og den anden stromningsbegransning er forskellige;

hvor stromningsstyringsanordningen omfatter en abningsanordning til at tillade stromning ind 1
cller fra legemets (12) stromningsbane 1 henhold til stromningsretningen, hvor abningsanordningen
tilvejebringer den anden stromningsbegransning og er tilvejebragt pa en udskiftelig dyse (24), der er

monteret pa legemet (12).

18. Fremgangsmade til dampstimulering 1 borchul ifelge krav 17, hvilken fremgangsmade omfatter
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cyklisk indsprojtning at damp og efterfolgende produktion af et fluid.

19. Fremgangsmade til stromningsstyring 1 borchul, hvilken fremgangsmade omfatter:

tilvejebringelse af stromning 1 en forste retning gennem talrige stromningsstyringsanordninger
ifolge krav 1-14, der er aksialt anbragt inde 1 en vaeg af et ror, hvor stromning 1 den forste retning placerer et
regulatorclement (32) inde 1 hver stremningsstyringsanordning 1 en forste position for at tilvejebringe en

forste stromningsbegransning; og

cfterfolgende  tilvejebringelse af stromning 1 en modsat anden retning gennem
stromningsstyringsanordningerne, hvor stromning 1 den anden retning placerer regulatorelementerne 1 en
anden position for at tilvejebringe en anden stromningsbegransming, hvor den forste og den anden

stromningsbegransning er forskellige;

hvor stromningsstyringsanordningerne omfatter en abningsanordning til at tillade stromning ind 1
cller fra legemets (12) stromningsbanc 1 henhold til stromningsretningen, hvor abningsanordningen
tilvejebringer den anden stromningsbegransning og er tilvejebragt pa en udskiftelig dyse (24), der er

monteret pa legemet (12).

20. Fremgangsmade til stromningsstyring 1 borchul ifelge krav 19, hvor den {forste

stromningsbegransning, der er tilvejebragt af mindst to stromningsstyringsanordninger, er ens; og/eller

den forste stromningsbegraensning, der er tilvejebragt af mindst to stromningsstyringsanordninger,

er forskellig.

21. Fremgangsmade til stromningsstyring 1 borchul ifelge krav 19 eller krav 20, hvor den anden
stromningsbegransning, der er tilvejebragt af mindst to stromningsstyringsanordninger, er ens og/eller den

anden stromningsbegransning, der er tilvejebragt af mindst to strommingsstyringsanordninger, er forskellig.
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