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DESCRIPTION

Field of the invention

[0001] The invention concerns the control of fluid flowing into a conduit. More specifically, the
invention concerns a fluid flow control device, as well as a subsea production string and a
method using such a fluid flow control device. The invention is useful in controlling flow of fluids
from a subterranean hydrocarbon reservoir and into production strings.

Background of the invention

[0002] A well for producing hydrocarbons from a subterranean reservoir may extend through
the reservoir in a number of orientations. Traditionally, reservoirs were accessed by drilling
vertical wells. This is simple and straight-forward technique, but one which provides limited
reservoir contact per well. Therefore, in order to access more of a reservoir per well,
techniques and devices were developed to drill horizontal wells, i.e. turning the well from
vertical to horizontal at a predetermined depth below the surface. So-called multi-lateral wells
provide even greater access to - and contact with - the reservoir.

[0003] A major challenge in the production of hydrocarbons from subterranean reservoirs is to
increase the ability to recover the oil that is present in the reservoir. Today, only a part of the oil
in a given reservoir is actually recovered and produced before the field is shut down. There are
thus strong incentives for developing new technology to increase production and oil recovery.

[0004] Two factors are of particular importance in order to increase production and rate of
recovery from a reservoir:

obtaining maximum reservoir contact and

preventing negative effects of gas and/or water penetration/breakthrough (commonly referred
to as "coning").

[0005] The reservoir contact is commonly achieved by drilling a number of horizontal and/or
multi-lateral wells. The negative effects of coning are commonly mitigated by so-called Inflow
Control Devices (ICD) placed in the production string wall. Typically, a production string in a
horizontal well comprises a large number of ICDs disposed at regular intervals along its entire
length. The ICDs serve as inflow ports for the oil flowing from the reservoir (normally via the
annulus between the production string and the well formation) and into the production string,
and are ports having a fixed flow area.
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[0006] So-called autonomous ICDs (AICDs) comprise one or more valve elements and are
normally open when oil is flowing through the device, but chokes the flow when and where
water and/or gas enters the device. The annulus between the production string and the casing
is typically divided into zones by annulus packers, which is known in the art. One or more ICDs
or AICDs are then placed in each zone.

[0007] A number of ICDs are known in the art. Relevant examples of ICDs or AICDs are found
in patent publications US 5 435 393 (Brekke, et al.), US 7 857 050 B2 (Zazovsky, et al.), US 7
823 645 B2 (Henriksen, et al.), US 2008/0041580 A1 (Freyer, et al.), WO 2008/004875 A1
(Aakre, et al.), US 2011/0067878 A1 (Aadnoy), US 2008/0041582 A1 (Saetre, et al.), US
2011/0198097 A1 (Moen), US 2011/0308806 A9 (Dykstra, et al.), US 7 918 275 B2 (Baker
Hughes Inc), US 2009/0283275 A1 (Baker Hughes Inc), US 7 819 196 B2 (Norsk Hydro ASA)
and US 9 556 706 B1 (Floway Inc).

[0008] The above-mentioned patent publications suffer from one or more of the following
disadvantages:

« The production is choked also for the oil, which may result in a significant loss of
production (barrel/day) during the initial phase of the well's lifetime.

» Undesired phases (gas/water) are neither choked nor closed at the moment of their
breakthroughs.

¢ Undesired phases (gas/water) are to a certain degree choke, though not to the extend of
coming to a full, or close to full, halt in the inflow.

« Reversible property is not exhibited, that is, the ability to autonomically reopen a valve
that has been shut due to entrance of undesired phases at the moment when oil again
starts to flow into the well.

+ Challenging to control the opening/closing.

» High flow resistance within the main flow during throughput of desired phases.

+ Not able to manage harsh well conditions (high pressure and temperature, fouling, etc.)
in a satisfactory way.

[0009] A prior art AICD that overcome all of the above-mentioned disadvantages is disclosed
in patent publication WO 2013/139601 A2, the contents of which are incorporated herein by
reference. The prior art AICD comprises a primary flow path and a secondary flow path
arranged in fluid communication with the primary flow path. The secondary flow path further
comprises two fluid flow restrictors serving as an inflow port and an outflow port from a
chamber, respectively. The two flow restrictors are configured to generate different fluid flow
characteristics.

[0010] There are however some disadvantages with the AICD disclosed in WO 2013/139601
A2. The secondary flow path is in fluid communication with the primary flow path. Such a
configuration necessitates allocation of additional space within the housing, resulting in a
longer axial length of the AICD. The configuration also makes it difficult to arrange filters at the
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fluid inlet to prevent plugging during operation. Such plugging is a well-known problem in the
field. To generate laminar flow by inserting fluid flow restrictor such as a porous material also
necessitate a complex design with little or no possibilities of adaptations to varying fluid
viscosities. In addition, porous materials have typically small openings, thereby creating a high
risk of plugging due to to fines (small particles).

[0011] The purpose of the present invention is to overcome the shortcomings of the above
mentioned prior art and to obtain further advantages.

Summary of the invention

[0012] The invention is set forth and characterized in the main claims, while the dependent
claims describe other characteristics of the invention.

[0013] It is thus provided a fluid flow control device suitable for establishing a controllable fluid
communication of a fluid flow (F) between an external fluid reservoir and a base pipe
constituting part of a production string.

[0014] The fluid flow control device comprises a primary flow path arranged inside a fluid
control device housing. The primary flow path comprises a primary flow path inlet configured to
guide a primary fluid flow (Fp) at least partly axial into the fluid control device housing from the
external fluid reservoir during operation and a primary flow path outlet configured to guide the
primary fluid flow (Fg) into the base pipe during operation.

[0015] The fluid flow control device further includes a secondary flow path and a movable
valve element arranged inside the fluid control device housing, at and/or within the primary flow
path.

[0016] The secondary flow path comprises at least one first fluid flow restrictor configured to
generate a pressure decrease from a pressure ps upstream of the first fluid flow restrictor to a

pressure po downstream of the first fluid flow restrictor, at least one second fluid flow restrictor

arranged downstream of the first fluid flow restrictor and configured to generate a pressure
decrease from the pressure p, upstream of the second fluid flow restrictor to a pressure p3

downstream of the second fluid flow restrictor and a chamber (B) arranged downstream the
first fluid flow restrictor and upstream the second fluid flow restrictor.

[0017] The movable valve element is configured to close, fully or partly, the primary flow path
for primary fluid flow (Fg) when exposed to a pressure force from within the chamber (B)

exceeding a threshold pressure force.

[0018] The secondary flow path further comprises a secondary flow path inlet arranged within
the fluid control device housing and with a radial offset to the primary flow path at its entrance
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into the fluid control device housing. The secondary flow path inlet is configured to guide a
secondary fluid flow (f) from the fluid reservoir into the secondary flow path of the fluid control
device housing such that, during operation, the fluid flow (F) is divided into the primary fluid
flow (Fp) entering the fluid control device housing (8) via the first fluid path (2) and the

secondary fluid flow (f) entering the fluid control device housing (8) via the secondary fluid path

@).

[0019] Axial and radial direction is herein defined as the direction perpendicular and parallel to
the longitudinal direction of the base pipe, respectively, i.e. the principal direction of fluid flow
within the base pipe.

[0020] In an advantageous example, the secondary flow path inlet is oriented such that the
secondary fluid flow (f) flows axially or near axially into the fluid control device housing during
operation. Near axially signifies that there may be a deviation from axial, for example a
deviation of maximum 20 degrees from the axial axis.

[0021] In another advantageous example, the first fluid flow restrictor is configured to generate
either a laminar, or near laminar, fluid flow characteristic or a turbulent, or near turbulent, fluid
flow characteristic, while the second fluid flow restrictor are configured to generate either a
turbulent fluid flow characteristic or a laminar fluid flow characteristic being different from the
fluid flow characteristic generated by the first fluid flow restrictor. Laminar flow is herein defined
as a fluid flowing in parallel layers, with no or insignificant disruption between the layers.
Further, turbulent flow is herein defined as a fluid that undergoes irregular fluctuations, or
mixing, i.e. where the speed of the fluid at a point is continuously undergoing changes in both
magnitude and direction.

[0022] In yet another advantageous example, the flow control device further comprises an inlet
bushing arranged axially within the flow control device housing for guiding the primary fluid flow
(Fp) therethrough during operation and a first ring-shaped disc arranged axially beneath the

secondary flow path inlet with its centered opening around the inlet bushing. The inlet bushing
and the first ring-shaped disc may be separate or form an integrate part.

[0023] The first ring-shaped disc may comprise an axial, or near axial, first locking edge
running along the circumference of the inner center opening of the first ring-shaped disc.

[0024] The disc may preferably also comprise an axial, or near axial, directed second locking
edge along the outer circumference of the first ring-shaped disc having at least one opening
configured to guide the secondary fluid flow (f) flowing through the secondary flow path inlet
into the fluid flow restrictor during operation.

[0025] In order to ensure no or insignificant leakage between the primary flow path and the
secondary flow path, one or more bushing seals are arranged between the inlet bushing and
the first ring-shaped disc.
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[0026] The term 'beneath’ signifies here an axial position relative to components of the fluid
flow control device located at or near the inlet of the primary and secondary fluid flows (Fg 5,

e.g. an inlet bushing and/or an inlet filter.

[0027] In yet another advantageous example, the fluid flow control device further comprises a
filter arranged across the secondary flow path inlet for preventing, or at least significantly
reducing, solid state particles within the fluid flow (F) from entering the secondary flow path,
while at the same time allowing the primary fluid flow (Fg) to flow unfiltered through the primary
flow path inlet during operation. This particular configuration has the additional advantage that
the filter becomes self-cleansing due to the fact that the primary flow is flowing transversely to
the filter before entrance into the housing. The filter may comprise at least one outer
protrusions protruding radially outward from the outer circumference of the filter and at least
one inner protrusion protruding radially inward from the inner circumference of the filter. These
filter protrusions ensure a locking effect to the housing and the first ring-shaped disc,
respectively.

[0028] In yet another advantageous example, the first or the second fluid flow restrictor
comprises a pipe of length L and a mean hydraulic diameter <D ;> averaged across the length

L, wherein the length (L) and the mean hydraulic diameter (<D ;>) are chosen to achieve a

laminar flow characteristic flowing out of the one of the first and second fluid flow restrictors.
For example, the length (L) and the mean hydraulic diameter (<D ;>) are chosen to achieve a

ratio between the length L and the mean hydraulic diameter < D ;> i.e. L/<D ;>, that results in

a Reynold number of the fluid flow (RE) being equal or less than 4000, preferably less than
3500, more preferably less than 3000 and even more preferably less than 2500.

[0029] The Reynold number is defined as

RE = (D,) ((A% - %)

where
Q is as the volumetric flow rate Q (m3/s),
<A; > is the mean cross-sectional wetted area across the length L (m/s),

<D > is the mean hydraulic diameter across the length L (m)

p is the density of the fluid flow rate (kg/m3) and

u is the dynamic fluid viscosity (kg/m-s).

[0030] In yet another advantageous example, the first fluid flow restrictor comprises an interior
outlet channel located inside the fluid control device housing being in fluid communication with
the secondary flow path inlet, an exterior pipe of length L* located outside the fluid control
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device housing being in fluid communication with the interior outlet channel and an interior
return channel located inside the fluid control device housing being in fluid communication with
the exterior pipe. A section of the exterior pipe may be coiled, for example a multiple time
around the base pipe of the production string.

[0031] In yet another advantageous example, the secondary flow path comprises a secondary
flow path outlet. Furthermore, more than 70 % of the length of the secondary flow path from
the secondary flow path inlet and the secondary flow path outlet may be located outside the
fluid control device housing, more preferably more than 80 % of the length and even more
preferably more than 90 % of the length. In an alternative or additional configuration, both the
secondary flow path outlet(s) and the second flow restrictor(s) are arranged outside the
housing, while being in fluid communication with the pressure P2 within the chamber B of the
housing. In this alternative or additional configuration, the flow out of the second flow
restrictor(s) would then enter into the base pipe at pressure P3.

[0032] In yet another advantageous example, the movable valve element comprises a lower
disc having a disc surface facing towards the chamber B and an upper disc arranged with one
disc surface facing towards the lower disc and the other disc surface facing toward the primary
flow path inlet. The disc diameter of the upper disc may be smaller than the disc diameter of
the lower disc. Furthermore, the axial transition between the lower disc and the upper disc may
be smooth to avoid excessive fluid flow resistance of the primary fluid flow (Fg) due to flow

across sharp edges, pointed protrusions, etc. The disc diameter of the upper disc may
preferably be at least equal to the minimum radial opening size of the primary flow path inlet.
Furthermore, the section of the lower disc between the upper disc and the outer circumference
of the lower disc may be flat relative to the radial direction of the fluid control device housing. In
addition to further ensure non-interrupted primary fluid flow, the flat configuration also
contribute to minimize the axial extent (t4;cp) of the fluid control device housing.

[0033] In yet another advantageous example, the fluid flow control device further comprises a
second ring-shaped disc arranged with its centered opening around the outer circumference of
the movable valve element.

[0034] The second ring-shaped disc may comprise an axial directed edge extending along the
outer circumference of the second ring-shaped disc and configured to create a fixed axial
distance between the radially extending surface of the second ring-shaped facing towards the
primary flow path inlet and an inner wall of the fluid control device housing. The axial directed
edge displays at least one opening configured to guide the primary fluid flow (Fp) flowing

through the primary flow path inlet from the movable valve element towards the primary flow
path outlet.

[0035] In yet another advantageous example, the fluid flow control device further comprises a
resilient member arranged axially beneath the surface of the movable valve element facing
away from the primary flow path inlet. A part of the resilient member is preferably fixed to the
interior walls of the fluid control device housing such that the movable valve element is an axial



DK/EP 3540177 T3

position when not exposure to a pressure force within the chamber B that ensures fluid flow
between the primary flow path inlet and the primary flow path outlet.

[0036] In yet another advantageous example, the first fluid flow restrictor comprises a multi-
inlet pipe arranged in fluid communication downstream of the secondary flow path inlet,
wherein the multi-inlet pipe displays at least two radially spaced apart inlets, for example
having a first and second inlet arranged diagonally to each other across the primary flow path
inlet. The shape of the multi-inlet pipe may as an example be an arc partly surrounding the
primary flow path inlet.

[0037] In yet another advantageous example, the first fluid flow restrictor comprises a multi-
inlet pipe arranged with the fluid control device housing and in fluid communication with the
secondary flow path inlet, an interior outlet channel arranged inside the fluid control device
housing and in fluid communication with the multi-inlet pipe, an exterior pipe of length L*
arranged at least partly outside the fluid control device housing and in fluid communication with
the interior outlet channel and an interior return channel located inside the fluid control device
housing and in fluid communication with the exterior pipe. The multi-inlet pipe displays at least
two radially spaced apart inlets, for example arranged diagonally, or near diagonally, around
the primary flow path inlet. A section of the exterior pipe may be coiled in order to achieve a
long first fluid flow restrictor occupying a minimum amount of space.

[0038] The invention also concerns a production string suitable for transport of hydrocarbons.
The production string comprises base pipe, an enclosure arranged at the exterior wall of the
base pipe having at least one enclosure input opening and a fluid flow control device in
accordance with any of the above-mentioned features.

[0039] The fluid flow control device is arranged into a through-going hole of the wall of the
base pipe, and within the enclosure, such that a controllable fluid communication is obtained
between the enclosure and the interior of the base pipe. In a preferred configuration the fluid
communication takes place through one primary flow path inlet and into the base pipe via a
plurality of primary flow path outlets.

[0040] Furthermore, the enclosure is configured to provide an input chamber covering the at
least one enclosure input opening of the enclosure as well as the primary flow path inlet and
the secondary flow path inlet of the fluid flow control device.

[0041] In an advantageous embodiment, the first or the second fluid flow restrictors includes a
pipe of length L and a mean hydraulic diameter <D ;> averaged across the length L, for
example a pipe with a constant diameter D. Preferably, at least a part of the pipe is coiled at
least 50 % around the outer circumference of the base pipe, more preferably at least 80 %
around the outer circumference, even more preferably at least one time around the entire
circumference, and even more preferably at least twice around the entire circumference.

[0042] Finally, the invention concerns a method of controlling fluid flow (F) based on changes
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in fluid properties. The method uses a fluid flow control device in accordance with any one of
the above-mentioned features and comprises the steps:

» guiding the primary fluid flow (Fp) constituting a major portion of the fluid flow (F) through

the primary flow path within the fluid control device housing; and

« guiding the secondary fluid flow () through the secondary flow path, wherein the
secondary fluid flow (f) constitutes a minor portion of the fluid flow (F) when the fluid flow
control device is in an open position, that is, a position of the valve element relative to
the housing that allows flow communication between the primary flow path inlet(s) and
the primary flow path outlet(s). A minor portion may typically be less than 5 % of the
primary fluid flow (Fg) when the device is in a fully open position.

[0043] A major portion of the length of the secondary flow path may preferably extend outside
the fluid control device housing.

[0044] The inventive flow control device stops unwanted fluids (e.g. water, gas, steam and
CO,) from entering production flow of a desired fluid (e.g. oil) while being robust, compact and

fully autonomous. It is reversible in the sense that the valve device changes position as the
properties (e.g. viscosity) of the fluid changes. That is, where for example the flow control
device closes when the viscosity decreases (i.e. exposed to water or gas), it opens again when
the viscosity increases (i.e. exposed to olil).

[0045] There is a significant economic gain in preventing choking of the initial oil production
(present value) and increasing the degree of production due to efficient closure of undesired
fluid phases such as water and/or gas. The estimated increase in the production and recovery
from a well, which will be a function of the reservoir and fluid properties, will be at least 10 %.
The production cost of the inventive valve is close to insignificant compared to the potential
gain due to increased oil production.

[0046] Moreover, the slim / compact design of the inventive flow control device avoids
excessive protrusion into or out of the base pipe of the production string. This is a significant
advantage over all the known AICDs described above.

[0047] A flow control device protruding far out from the base pipe would make it difficult for oil
and gas companies to use standard base pipes and bores used today. And due to both costs
and technical challenges any changes in well proven design is normally undesirable. For
example, a larger bore would result in increased cost and a bore with smaller diameter would
result in increased pressure loss in the base pipe (well).

[0048] Likewise, protrusion into the base pipe should be avoided or reduced. One problem
with protrusions into the base pipe is related to the fact that measurements or well intervention
must be performed where smaller pipes / equipment are guided into base pipes / liners. Any
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protrusions such as protruding flow control devices makes such operations difficult or even
impossible.

Brief description of the drawings

[0049] These and other characteristics of the invention will be clear from the following
description of embodiments, given as non-restrictive examples, with reference to the attached
sectional sketches and drawings wherein:

Figure 1 shows a principle behind the disclosure;

Figure 2 shows the correlation between change in pressure inside the chamber (i.e. between
fluid flow restrictors), and the change in fluid viscosity;

Figures 3 A and B show schematically two different exmples of the disclosure, where
Figure 3 A has a single fluid flow output and Figure 3 B has two fluid flow outputs;

Figures 4 A and B show a flow control device in accordance with the disclosure, installed in a
production string, where Figure 4 A illustrates the interplay between the production string and
the flow control device and Figure 4 B illustrates the installed flow control device in greater
details;

Figure 5 shows a flow control device in accordance with the disclosure illustrating the length of
the coiled pipe acting as a fluid flow restrictor relative to the size of the housing of the flow
control device;

Figure 6 shows in greater detail the housing of the flow control device of Figure 5;
Figure 7 shows a flow control device of the disclosure in an exploded view;

Figures 8 A and B show a cut-out section of the flow control device of the disclosure in two
different perspective views;

Figure 9 shows a flow control device of the disclosure in a tilted arrangement within a base
pipe relative to a low viscosity - high viscosity fluid interface within a reservoir;

Figure 10 shows an exploded view of a flow control device having a multi inlet channel
arranged within a secondary flow path; and

Figures 11 A-C shows results of measurements indicative of the efficiency of the closing and
opening properties during flow of high viscosity fluids such as oil and low viscosity fluids such
as gas and/or water, where Figure 11 A shows a cross sectional view of the fluid control device
with prevailing forces and pressures during operation, Figures 11 B shows a plot of the net
closing and opening forces as a function of pressure difference across the piston of the flow
control device and Figure 11 C shows a plot of the ratio between the pressure difference
across the first fluid flow restrictor and across the second fluid flow restrictor within the
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secondary flow path.

Detailed description of embodiments

[0050] Figure 1 illustrates how a fluid F,f flows through a fluid flow inlet 1 into a conduit 2 at a
first pressure p4 further through a first fluid flow restrictor 3 and into a chamber B where it

attains a second pressure p,, and then flows through a second fluid flow restrictor 4 before it
exits the conduit 2 through a fluid flow outlet 5 at a third pressure p3. When the fluid flow rate
and fluid properties (e.g. viscosity, density) are kept constant, the pressures (p4, po, p3) are
also constant, and p4, > py, > p3

[0051] In figure 1, the first fluid flow restrictor 3 is a coiled pipe and the second fluid flow
restrictor 4 is an orifice. The coiled pipe may have any cross sectional shape such as circular
shape, rectangular shape, triangular shape, etc.

[0052] In general, the pressure loss due to viscous effect in a cylindrical pipe of length L and
uniform diameter D is proportional to length L and can be characterized by the Darcy-
Weisbach equation expressed as:

sy L

AP- Equation 1
5 o (Equation 1)

where: p = the density of the fluid flow rate (kg/m?3)

D; = the hydraulic diameter of the pipe (for a pipe of circular section, this equals the internal

diameter of the pipe (m);

<v> = the mean flow velocity, experimentally measured as the volumetric flow rate Q per unit
cross-sectional wetted area (m/s);

fp = the Darcy friction factor (also called flow coefficient A);

L = the length of the cylindrical pipe (m).

[0053] Hence, according to the Darcy-Weisbach equation (Equation 1) a large ratio L/D
corresponds to a large pressure drop AP (from p;to poin Fig. 1A) when a fluid Ff is flowing

through the conduit 2.

[0054] In the laminar regime, Equation 1 may be rewritten as
128-Q L .

AP = —— -y —r (Equation 2)

T D
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[0055] Thus, under laminar flow conditions or near laminar flow conditions, the change in
pressure (AP) across the coiled pipe is seen to be proportional to the fluid viscosity (u), as well

as the ratio L/D*.

[0056] Laminar flow is achieved with a Reynolds number (RE) being less than 4000. Since RE
= <v>-D-p/u for flow of fluid in a pipe of diameter D, such laminar flow may be ensured by
adjusting e.g. the diameter D and/or the flow velocity <v>. From equation 2 it is clear that if AP
is constant, Q (volumetric flow rate) would decrease with increasing pipe length (L), and as a
result also a decrease in velocity <v>. A coiled pipe with a sufficient pipe length (L) would
therefore have formed a laminar flow or near laminar flow.

[0057] The flow characteristics in a fluid flowing through an orifice may be expressed as:

A o= kB2

arifice
‘ 2

{Equation 3)

where: AP = differential fluid pressure across the orifice (typical unit: Pa)
Korifice = orifice-specific coefficient (dimensionless)

p = fluid density (unit of mass per unit of volume)

v = fluid velocity (units of length per unit time)

[0058] Thus, when flowing through the orifice 4, the fluid experiences a pressure drop (4P)
(from p, to pg) described by equation 3. The change in fluid pressure across the orifice 4 is

almost independent of viscosity, but proportional to the density and the orifice coefficient, as
well as to the fluid velocity squared.

[0059] Therefore, with reference to figure 1, the fluid pressure p, in the chamber B, ie.

between the coiled pipe 3 and the orifice 4, will change if the properties (viscosity or density) of
the fluid changes. This is illustrated graphically in figure 2. A first (low) value for p» is formed

with a flow of fluid having a high fluid viscosity (upign) and a second (high) value for py is
formed with a flow of fluid having a low fluid viscosity (ujo4). The difference between the values
for p» (AP2) occurring when the fluid properties changes (e.g. a decrease in viscosity) may be

used to perform work, for example actuate an actuator 6, which in turn may move a piston 9
acting as a valve element 9, possibly via hydraulic and/or electrical and/or mechanical
transmission means 10 (see Fig. 3).

[0060] In general, the present invention utilizes the change in pressure (AP, that occurs

between two different flow restrictors when subjected to fluids of different properties, e.g. oil
and water. These properties may for example be viscosity, density or both.
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[0061] Figure 3A and 3B are schematics illustrating two embodiments of the principle
described above. Figure 3A illustrates a first embodiment of the inventive flow control device
100 in its basic form (i.e. where seals, gaskets and other required or recommended ancillary
parts known in the art are omitted). A fluid flow (F) enters a fluid control device housing 8 via
two fluid paths 2,7; a primary flow path (primary conduit) 2 having a primary flow path inlet 1
and a secondary flow path (secondary conduit) 7 having a secondary flow path inlet 11. The
major portion (Fg) of the fluid flow (F), hereinafter referred to as the primary fluid flow, flows

through the primary conduit 2 and an initially open valve element 9. A smaller portion (f) of the
fluid flow (F), for example & % of the primary fluid flow (Fy), also referred to as the secondary

fluid flow (f), flows through the secondary conduit 7 which includes a first fluid flow restrictor 3
in the form of a coiled, thin tube of length L and diameter D and a second fluid flow restrictor 4
in the form of an orifice, before it enters the primary conduit 2 and exits out of this conduit 2 via
a fluid flow outlet 5.

[0062] When the viscosity (v) of the fluid flow (F) changes, the second pressure p, in a

chamber B located in the secondary conduit 7 between the two fluid restrictors 3,4 also
changes. For example, if a flow of oil is replaced by water or gas, the viscosity decreases and
the second pressure poincreases as explained above with reference to Figs. 1 and 2.

[0063] Figure 3A furthermore shows (schematically) an actuator 6 arranged within, or coupled
to, the chamber B. The actuator 6 is connected via transmission means 10 (e.g. via a hydraulic
linkage, a mechanical linkage and/or a signal cable) to the piston / valve element 9. The
actuator 10 can be of any form that enable actuation of the piston / valve element 9, e.g. the
surface of a valve piston being exposed to the force generated by the induced pressure AP»

such as the surface facing the chamber B.

[0064] When the fluid viscosity (v) changes as described above, the difference in values for p»
(4P, see Fig. 1) imparts an actuating force on the actuator 6, which in turn operates (e.g.

closes) the piston / valve element 9. Thus, the conduits 2,7 and the fluid flow restrictors 3,4
may be configured and dimensioned such that (when breakthrough is to be prevented) the
piston / valve element 9 automatically closes when the viscosity (i) of the fluid (F) drops below
a predetermined level. As an example, in an oilfield application, this device 100 prevents
unwanted water and/or gas inflow into a production string 101 (see Fig. 4).

[0065] Figure 3B shows schematically a second embodiment of the invented flow control
device 100. The second embodiment is identical to the first embodiment with the exception that
the secondary flow path 7 is not in fluid communication with the primary flow path 2. Instead,
both enters and exits the housing 8 via separate flow paths. The primary fluid flow (Fp) enters

the primary flow path 2 from inlet 1 and exits through primary flow path outlet 5, while the
secondary fluid flow (f) enters the secondary flow path 7 from inlet 11 and exits through a
separate secondary flow path outlet 12. The operational principle is however the same as for
the first embodiment, i.e. to create a pressure difference AP, between two fluid flow restrictors
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3,4 arranged at least partly within the secondary flow path 7 and to use the force created by
this induced pressure difference to close the primary fluid flow Fp flowing through the primary

flow path 2 by the aid of a piston / valve element 9.

[0066] Figures 4A and 4B show cross sectional drawings of a complete flow control device 100
in accordance with the invention. Fig. 4A shows the flow control device 100 mounted into a
production string 101 and Fig. 4B shows in further detail the area of the production string 101
framed into a dashed rectangle (detail A).

[0067] In addition to the flow control device 100, the production string 101 further comprises a
base pipe 102 into which the flow control device 100 is installed, a sand screen 103
surrounding the base pipe 102 in order to prevent large solid particles such as grains of sand
or debris to enter the base pipe 102, an outer sleeve 110 fixing one axial end of the sand
screen 103 to the base pipe 102, a first inner sleeve 104 configured to fix both the other axial
end of the sand screen 103 onto the base pipe 102 and to establish an inner sleeve fluid
channel 105 from a sand screen fluid channel 106 oriented through or below the sand screen
103 and to the fluid path inputs 1,11 of the flow control device 100.

[0068] The production string 101 further comprises a second inner sleeve 107 arranged on the
base pipe 102 at the opposite radial side of the flow control device 100 relative to the first inner
sleeve 104 and an end cap 108 sealing, or near sealing, the installed flow control device 100
from the exterior of the production string 101, thereby creating a closed input chamber 109 set
up by the first and second inner sleeves 104,107, the end cap 108 and the base pipe 102.

[0069] In operation, fluid (F) is flowing through the sand screen 103 into the sand screen fluid
channel 106, further along the inner sleeve fluid channel 105, into the closed input chamber
109 via an inner sleeve opening 111 and finally through the flow control device 100 into the
base pipe 102.

[0070] As is apparent from Fig. 4, the space available for the flow control device 100 in a
typical production string 101 is small. It is considered advantageous that the housing 8 of the
flow control device 100 has an axial thickness (i.e. the thickness perpendicular to the
axial/longitudinal direction of the base pipe 102 when installed) that is as small as technically
feasible in order to avoid or minimize protrusion from the external walls of the base pipe 102
and/or into the interior of the base pipe 102.

[0071] Protrusion into the base pipe 102 should in particular be avoided since this could
interfere with measurements and/or maintenance and/or repair work within the base pipe 102
that may be required / recommended throughout the operational life time of the production
string 101. Such operations often involve insertions of various equipment into the base pipe
102.

[0072] As explained above, to ensure a large pressure difference across the first fluid flow

restrictor 3 the ratio L/D# should be large. Further, laminar flow may be obtained by generating
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a flow having a Reynold number less than 4000, preferably less than 2500. This can be
achieved by making the length (L) of the pipe constituting the first fluid flow restrictor 3 large
enough.

[0073] Figure 5 shows a configuration where the flow control device 100 comprises a coiled
pipe acting as a laminar flow generating first fluid flow restrictor 3 arranged within the
secondary conduit 7. To ensure laminar flow of the secondary fluid flow () flowing through the
secondary conduit 7 (fi;m), and with large pressure difference (ps-p2), the coiled pipe 3 is

made significantly longer than the axial thickness (t4,cp) of the flow control device housing 8.

[0074] The first fluid flow restrictor 3 may be divided into an interior part 3b located inside the
housing 8, an exterior straight part 3¢ located outside the housing 8 and in fluid communication
with the interior part 3b and an exterior coiled part 3d located outside the housing 8 and in fluid
communication with the exterior straight part 3c. The exterior coiled part 3d is preferably coiled
around the base pipe 102 a multiple time to minimize the required spatial use in direction
radially to the base pipe 102 (i.e. perpendicular to its longitudinal direction), thereby minimizing
the size interference of the inventive flow control device 100 with existing production lines 101.
At the same time, desired large pressure differences and laminar flow may be achieved.

[0075] The ratio between the length of the pipe (L) and the axial thickness ({4;cp) of the flow

control device housing 8 is preferably higher 500, more preferably higher than 1000, even
more preferably higher than 2000, even more preferably higher than 3000. In a typical
installation, the length of the pipe is 5 meters and the axial thickness is 14 millimeters.

[0076] Figure 6 shows a section of the flow control device 100 which includes only the parts
situated within or near the flow control device housing 8. The housing 8, which in operation is
arranged within the wall of the base pipe 102 as exemplified in Fig. 4, displays inlets 1,11 in
fluid communication with the closed chamber 109 and outlets 5,12 in fluid communication with
the inside of the base pipe 102 of the production string 101.

[0077] A valve element 9 in the form of an axially movable piston / disc 9 is arranged inside the
housing 8. The valve element 9 is in Fig. 6 placed within a teethed primary fluid flow bushing
18, the latter providing lateral support to the piston 9 (see Fig. 7) while allowing axial piston
movements. Lateral support signifies no or little movements of the piston 9 in the radial
direction, i.e. parallel to the longitudinal axis of the base pipe 102 at the installation point.

[0078] Furthermore, the surface of the piston / valve element / movable disc 9 facing away
from the inlets 1,11 is in the embodiment shown in Fig. 6 contacting a resilient member 10
fixed at its outer circumference to the adjacent inside wall(s) of the housing 8. The resilient
member 10 transmits induced pressure force to the piston 9 and ensures that the flow control
device 100 is in an initial open position prior to any flow (F). The resilient member 10 may for
example be a semi-flexible material such as a diaphragm.

[0079] With particular reference to Figure 7, and in conjunction with Figure 6, the teeth 18a
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arranged at the outer circumference of the primary fluid flow bushing 18 are seen to act both
as axial spacers between the piston 9 / the resilient member 10 and the inside wall of the
housing 8, and as channel openings 18b to allow the primary fluid flow (Fg) to flow radially

through the openings 18b between the teeth 18a.

[0080] As best seen in Fig. 7, the piston 9 comprises a lower disc 9a contacting the resilient
member 10 and an upper disc 9b centrally arranged on the lower disc 9a. The outer radial
diameter of the lower disc 9a is equal to, or near equal to, the inner diameter of the teethed
primary fluid flow bushing 18, The upper disc 9b is arranged centrally on the lower disc 9a and
has a radial diameter which is less than the radial diameter of the lower disc 9a, for example
equal or slightly larger than the smallest inner diameter of the primary flow path inlet 1 and/or
equal or less than half the diameter of the lower disc 9a.

[0081] An example of a slightly larger diameter of the upper part of the piston 9 may be a
diameter less than 10 % larger than the smallest inner diameter of the primary flow path inlet 1.

[0082] Again, with reference to Fig. 6, the secondary flow path inlet 11 (guiding the secondary
flow (f) into the secondary conduit 7) and the primary flow path inlet 1 (guiding primary fluid
flow (Fp) into the primary conduit 2) are shown physically separated. This particular

configuration of the two inlets 1,11 are considered space efficient since the axial thickness
(tajcp) of the housing 8 does not need to accommodate also the inlet diameter of the

secondary flow path inlet 11.

[0083] The primary flow path inlet 1 is in Fig. 6 shown as a separate inlet bushing 16 creating
a funnel shaped inlet opening with smoothed inner wall(s) ensuring a minimum of turbulence
during operation. Again, a smoothed inner wall signifies a wall void of sharp edges and/or
pointed protrusions.

[0084] To avoid plugging of the secondary conduit 7, a ring-shaped filter 14 comprising a fine-
masked mesh covers the secondary flow path inlet 11, thereby hindering any particles having a
diameter larger than the mesh size to enter the secondary conduit 7. The mesh size should be
significantly smaller than the smallest cross sectional areal of the secondary conduit 7. Note
that fine-masked mesh may be any object allowing filtering of particles, for example a mesh
composed of wires, a perforated plate, or a combination thereof.

[0085] With reference to Figs. 4 - 8, the interior part 3b of the first fluid flow restrictor 3 is set
up by a secondary fluid flow bushing 19 having an inner center opening for the primary fluid
flow (Fp). The secondary fluid flow bushing 19 comprises one or more first locking edges 19a

running along the circumference of the inner center opening, and a second locking edge 19b
or a plurality of locking teeth 19b running along the outer circumference of the secondary fluid
flow bushing 19 creating at least one bushing opening 19c through which the secondary flow
() may flow after having entered the secondary flow path input 11.
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[0086] In this exemplary configuration, the radially arranged outer second locking edge or
locking teeth 19b is/are inserted into dedicated recesses in the housing 8 and subsequently
rotated such that the edge / teeth 19b are guided into tracks and locks the bushing 19, thereby
preventing any axial displacements.

[0087] Further, to assure that the bushing 19 is not attaining any undesired rotational position
during and/or after positioning, the aforementioned filter 14 has in this configuration an
additional purpose aside from filtering out solid particles from the secondary flow. As is most
apparent from figures 7 and 8, the filter 14 comprises one or more outer protrusions 14a
protruding radially outward from the outer circumference of the filter 14 and one or more inner
protrusions 14b protruding radially inward from the inner circumference of the filter 14.

[0088] By fitting the inner protrusion(s) 14b within the inner locking edge(s) 19a of bushing 19,
a rotational locking effect is achieved. Further, the outer protrusion(s) 14a may be inserted into
the above mentioned recess(es), thereby fixing the filter 14 to the housing 8.

[0089] The fluid flow control device 100 may also comprise a bushing seal 26, for example an
O-ring, sealingly arranged between the bushing 19 and the inlet bushing 16 (see figure 8A),
thereby preventing any undesired leakage between the primary flow path 2 and the secondary
flow path 8 during operation.

[0090] The secondary fluid flow bushing 19 is sealed from the housing 8 by an O-ring 15
running along the outer circumference of the secondary fluid flow bushing 19, beneath, or
partly beneath, the locking edge 19b or plurality of locking teeth 19b.

[0091] The bushing opening 19c¢, or at least one of the plurality of bushing openings 19b, is
aligned with the outlet channel(s) constituting the interior part 3b of the first fluid flow restrictor
3. Hence, the secondary fluid flow (f) passes through one or more of the aligned bushing
openings 19b, and further into the interior part 3b. The secondary flow (f) subsequently flows
into the exterior straight part 3¢ situated outside the housing 8, through the exterior coiled part
3d, and back into the housing 8 via one or more return channels 21 within the housing 8. The
return channel 21 guides the secondary fluid flow (fiz;;) via the chamber B situated beneath the

piston 9 and the resilient member 10, through a second fluid flow restrictor 4 in form of an
orifice and out through the secondary flow path outlet 12. The orifice 4 is arranged in an outlet
bushing 17 being fixed in fluid communication with the secondary flow path outlet 12. The
orifice 4 may be adjustable, thereby enabling adjustment of the degree of turbulence of the
secondary fluid flow (fy,).

[0092] In order to fix the flow control device 100 onto the base pipe 102, the housing 8
displays a plurality of through-going apertures 23 configured receive fixing means such as
threaded screws or bolts (not shown).

[0093] In use, a fluid flow F (e.g. oil from a subterranean reservoir) is divided into a primary
fluid flow Fg entering the housing 8 through the primary flow path inlet 1 and a minor
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secondary fluid flow f entering the housing 8 through the secondary flow path inlet 11. Inside
the housing 8, the primary fluid flow Fg follows the primary conduit 2 before it exits the housing

8 through the primary flow path outlet(s) 5 and into the base pipe 102.

[0094] The remaining portion of the fluid flow F, the secondary fluid flow f, flows through the
secondary conduit 7, i.e. through the filter 14, the secondary fluid flow bushing 19, the coiled
pipe 3, the return channel 21, the chamber B, the orifice 4 and finally into the base pipe 102 via
the secondary flow path outlet(s) 12. If water and/or gas enters the flow F, causing the overall
viscosity p to drop, the resulting difference in values for po (AP, see figure 2) is serving to

exert a pressure force against an actuating surface 6 of the piston 9 and the diaphragm 7
facing away from the inlets 1,11 (see thick line in Fig. 6). This change in pressure acting on the
actuating surface 6 generates a motive force which serves to force the the upper part 9b of the
piston 9 towards the primary flow path inlet 1, thus preventing further primary fluid flow Fy from

entering the housing 8. The diaphragm 10 insures a prevailing resilient force or biasing force
on the piston 9 which is directed away from the primary flow path inlet 1. As a result, the piston
9 remains in an open position relative to the primary flow path inlet 1 when the primary fluid
flow Fgpis absent or small enough not to counteract the resilient force.

[0095] Figures 9-10 illustrate a particular configuration with the aim to achieve effective and
swift closing/opening of the flow control valve 100 in case of penetration of multiphase fluid
such as during transition from high viscosity fluid (e.g. oil) 122 to low viscosity fluid (e.g. gas or
water) 120. In Figure 9, a production string 101 is shown within a formation 123, for example
the formation of a seabed. A fluid reservoir including e.g. gas 120 and oil 122 is located
between the surrounding formation 123 and the external of the production string 101. The low
viscosity - high viscosity fluid interface 121 such as the gas-water interface is indicated in
Figure 9 as a horizontal line. Further, the production string 101 comprises a base pipe 102 and
a flow control valve 100 establishing a closable opening between the reservoir and the inside
of the base pipe 102. The flow control device 100 is in Figure 9 shown in a tilted position
relative to the fluid interface 121, and in a position on the base pipe 102 that corresponds to a
height being in level with the fluid interface 121. In this particular configuration, the fluid
interface 121 is approximately located in the middle of the primary flow path inlet 1. The
position of each fluid control device 100 in a base pipe 102 is random.

[0096] With particular reference to Figure 10, in order to ensure an effective and swift
closing/opening the compartment forming part of the secondary flow path 7, and set up by the
secondary fluid flow bushing 19 and the inlet filter 14, contains an interior multi inlet channel 3a
having at least two inlets 22 being diagonal, or near diagonal two each other relative to the
fluid flow inlet 1. With the tilted arrangement shown in Figure 9, and the interior part 3b of the
coiled pipe 3 directed perpendicular to the paper of Figure 9, the flow control device 100
would, as a result of the mutually diagonal arrangement of the two spaced apart inlets 22, be
producing primarily low viscosity fluid such as gas or water 120 into the upper inlet 22. The
reason is that the resistance (friction) is lower than the high viscosity fluid such as oil 122.
Hence, the flow velocity of the low viscosity fluid is higher, causing a more rapid closure of the
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flow control device 100 in case of multi-phase flow.

[0097] Note that for all the above embodiments the disclosure is not limited to specific material
or a specific geometry. In fact, any choice of material and/or geometry is possible as long as
one of the restrictors creates a mainly laminar flow and the other restrictor creates a mainly
turbulent flow during operation. Also, even if directional words such as beneath, radial and
axial are used with reference to the drawings, in should be understood that these words are
used only for clarity and should not be interpreted as limiting the directional position of the
inventive control device

[0098] All of the embodiments of the inventive flow control device described above are
autonomous in the sense that they move (to close or open a fluid inlet) based on a changing
property (e.g. viscosity y) of the fluid F. The coiled pipe 3, the orifice 4, the internal dimensions
of the housing 8 and the internally arranged bushings 18,19 may be designed to suit various
applications.

[0099] As an example of measurement results using the inventive flow control device 100,
reference is made to figures 11A, 11B and 11C.

[0100] Figure 11A is a principal drawing of the inventive autonomous flow control device 100
configured for stopping low viscosity fluids such as gas and water from entering the desired
flow phase of high viscosity fluids such as oil, and where the various forces F¢, F5, F3, set up

by the fluid flows are indicated, together with the corresponding pressures P4, P, P35 and

cross-sectional areas A4, Ay, Asz.

[0101] Figure 11B shows the measured net force F 4.3 acting on the movable piston 9 (vertical
axis) as a function of pressure drop (p3 -p4) across the flow control device 100 (horizontal

axis). The values of the net force and the pressure drop is given in Newtons and bars,
respectively.

[0102] The net force represents the sum of the forces £F 4.3 on the piston 9 that opens the flow
control device 100 when ZF 4.3 is positive and closes the flow control device 100 when ZF 4.3 is

negative. Figure 11B shows that, while the fluid control device 100 is open when subjected to
oil (high viscosity fluid), it closes almost instantaneously when subjected to gas and water (low
viscosity fluid).

[0103] XF 4.3 is based on the measurements of the pressure drop (p3.py) in the laminar flow

element 3 and the turbulent flow element 4 respectively, both arranged within the secondary
flow path 7. Figure 11C shows the laminar and turbulent pressure drop ratio APiaminar /

APy rpuient for a given fluid (vertical axis) as a function of the pressure drops given in Figure 11B
(horizontal axis). Based on 2F .3 it can be calculated that the flow control device 100 opens

when:
Pl'A1+P3'A3_ Pz'A2>O
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[0104] These measurement examples are intended to illustrate the function of the inventive
flow control device 100. It should be understood that the fluid flow restrictors 3,4 may be
arranged and configured differently. For example, the fluid flow restrictors 3,4 may be reversed
in the flow path if the device is intended to be used in a gas reservoir and it is desirable to
prevent higher viscosity fluid such as water from entering the production.

[0105] It should also be understood that the inventive flow control device 100 may be arranged
and configured to control and prevent the inflow of other fluids, such as CO5 (which has been
injected into the reservoir) and steam (injected in connection with e.g. so-called Steam-
Assisted Gravity Drainage (SAGD) of heavy oil), and water in gas-producing wells.
Reference numerals:

F Fluid flow

Fo Major portion of fluid flow / main fluid flow / primary fluid flow

f Smaller portion of fluid flow / pilot fluid flow / secondary fluid flow

Pq First pressure

P2 Second pressure (between first and second fluid flow restrictors)

p3 Third pressure

AP, {Pressure difference in p, generated due to change in fluid properties

B Chamber
tascp {Axial thickness of fluid control device housing 8

1 Fluid flow inlet / primary flow path inlet

2 Conduit / primary flow path / primary conduit

3 First fluid flow restrictor / coiled pipe / coiled thin tube

3a Interior multi inlet channel / multi inlet channel / multi inlet pipe

3b Interior section of the first fluid flow restrictor 3 / interior part

3c Exterior straight part of the first fluid flow restrictor 3 / exterior pipe

3d Exterior coiled part of the first fluid flow restrictor 3 / exterior pipe

Second fluid flow restrictor, orifice

Fluid flow outlet / primary flow path outlet

Secondary flow path / secondary conduit

Fluid control device housing / housing

4
5
6 Actuator / actuating surface
7
8
9

Piston / valve element / movable disc

9a Lower disc of piston 9

9b Upper disc of piston 9
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10 Hydraulic / electrical / mechanical transmission means (for transmitting
pressure force) / resilient member / semi-flexible material / diaphragm

11 Secondary flow path inlet

12 Secondary flow path outlet

13 Interior outlet channel

14 Filter / inlet filter

14a {Outer protrusion(s) of filter 14

14b §Inner protrusion(s) of filter 14

15 Sealing means / O-ring

16 Inlet bushing

17 Outlet bushing

18 Primary fluid flow bushing / second ring-shaped disc

18a {Bushing teeth arranged the outer circumference of the primary fluid flow
bushing 18 / axial directed edge

18b §Bushing openings along the outer circumference of the primary fluid flow
bushing 18 / opening in axial directed edge / channel opening

19 Secondary fluid flow bushing / first ring-shaped disc

19a jlnner locking edge along the circumference of the inner opening of the
secondary fluid flow bushing 19 ffirst locking edge

19b {Outer locking edge / locking teeth along the outer circumference of the
secondary fluid flow bushing 19 / second locking edge

19¢ §{Bushing openings along the outer circumference of the secondary fluid flow
bushing 19

21 Interior return channel / return channel

23 Aperture for insertion of fixing mean to fix housing 8 to base pipe 102

25 Opening / inlet to interior multi inlet channel

26 Bushing seal

100 {Flow control device

101 §{Production string

102 §Base pipe

103 §Sand screen

104 {First inner sleeve / enclosure

105 {Inner sleeve fluid channel

106 §Sand screen fluid channel

107 §Second inner sleeve / enclosure

108 {End cap / enclosure

109 {Closed input chamber
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110 {Outer sleeve

111 {Inner sleeve opening / enclosure input opening

120 §Gas or Water, Low viscosity fluid

121 (Gas or Water / Oil interface, Low viscosity / High viscosity fluid interface
122 {O0il, High viscosity

123 {Formation
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PATENTKRAV

1. Fluidstrgmningsstyringsanordning (100) til etablering af en fluidstrgms (F) styrbare
fluidforbindelse mellem en udvendig fluidbeholder (120-122) og en produktionsstrengs (101)
basisrgr (102), omfattende

- en primar strgmningsbane (2) anbragt inde i et fluidstyringsanordningshus (8), hvilken
primar strgmningsbane (2) omfatter

et primart strgmningsbaneindlgb (1) konfigureret til at lede en primer fluidstrgm (Fp) aksialt
ind i fluidstyringsanordningshuset (8) fra den udvendige fluidbeholder (120-122) i anvendelse,
hvor den aksiale og en radial retning defineres som retningen henholdsvis vinkelret pa og
parallel med basisrgrets (102) l&ngdeakse, og

et primert strgmningsbaneudlgb (5) konfigureret til at lede den primare fluidstrom (Fo) ind 1
basisrgret (102) i anvendelse,

- en sekunda@r strgmningsbane (7), der omfatter en fgrste fluidstremningsbegrenser (3)
konfigureret til at generere et trykfald fra et tryk p; opstrgms for den fgrste
fluidstrgmningsbegranser (3) til et tryk p2 nedstrgms for den fgrste fluidstrgmningsbegrenser
(3), en anden fluidstrgmningsbegrenser (4) anbragt nedstrgms for den fgrste
fluidstrgmningsbegraenser (3) og konfigureret til at generere et trykfald fra trykket p2 opstrgms
for den anden fluidstrgmningsbegraenser (4) til et tryk p; nedstrgms for den anden
fluidstrgmningsbegraenser (4) og et kammer (B) anbragt nedstrgms for den farste
fluidstrgmningsbegraenser (3) og opstrgms for den anden fluidstrgmningsbegraenser (4) og

- et bevageligt ventilelement (9) anbragt inde 1 fluidstyringsanordningshuset (8) og
konfigureret til at lukke den primere strgmningsbane (2) for fluidstrgm, nar den er eksponeret
for en trykkraft fra inde 1 kammeret (B), der overstiger en terskeltrykkraft,

kendetegnet ved, at

den anden strgmningsbane (7) omfatter et sekundert strgmningsbaneindlgb (11) anbragt inde
1 fluidstyringsanordningshuset (8) med en radial forskydning for den primare strgmningsbane
(2) ved dens indgang ind 1 fluidstyringsanordningshuset (8) og

hvor det andet strgmningsbaneindlgb (11) endvidere er konfigureret til at lede en sekundaer
fluidstrgm (f) fra fluidbeholderen (120-122) ind i fluidstyringsanordningshusets (8) anden
strgmningsbane (7),

saledes, at, i anvendelse, fluidstrgmmen (F) er opdelt i

den primere fluidstrgm (Fp), der treenger ind i fluidstyringsanordningshuset (8) via den fgrste

fluidbane (2), og
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den sekundzre fluidstrgm (f), der trenger ind 1 fluidstyringsanordningshuset (8) via den

sekundere fluidbane (7).

2, Fluidstrgmningsstyringsanordning (100) ifglge krav 1, kendetegnet ved, at det andet
strgmningsbaneindlgb (11) er saledes orienteret, at den sekundare fluidstrgm (f) strgmmer

aksialt ind i fluidstyringsanordningshuset (8) i anvendelse.

3. Fluidstrgmningsstyringsanordning (100) ifglge krav 1 eller 2, kendetegnet ved, at
strgmningsstyringsanordningen (100) endvidere omfatter

- en indlgbsbgsning (16) anbragt aksialt inde i strgmningsstyringsanordningshuset (8) for
foring af den primare fluidstrgm (Fp) derigennem og

- en fgrste ringformet skive (19) anbragt aksialt under det andet strgmningsbaneindlgb (11)
med dens centrerede abning omkring indlgbsbgsningen (1, 16),

hvilken fgrste ringformede skive (19) omfatter

- en aksialorienteret fgrste lasekant (19a) langs periferien af den indvendige centrale abning af

den fgrste ringformede skive (19).

4. Fluidstrgmningsstyringsanordning (100) ifglge krav 3, kendetegnet ved, at den fgrste
ringformede skive (19) endvidere omfatter

- en aksialorienteret andet lasekant (19b) langs den udvendige periferi af den fgrste ringformede
skive (19) med mindst én dbning (19¢) konfigureret til at lede den sekundare fluidstrgm (f),
der strgmmer gennem det andet strgmningsbaneindlgb (11) ind i fluidstrgmningsbegranseren

(3, 4) under drift.

S. Fluidstrgmningsstyringsanordning (100) ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at f{luidstremningsstyringsanordningen (100) endvidere omfatter

- et filter (14) anbragt over det andet strgmningsbaneindlgb (11) til at forhindre partikler i fast
tilstand 1 fluidstrgmmen (F) 1 at trenge ind 1 den anden strgmningsbane (7), mens den primare
fluidstrgm (Fp) kan strgmme ufiltreret gennem det primare strgmningsbaneindlgb (1) i

anvendelse.

6. Fluidstrgmningsstyringsanordning (100) ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at

én af den fgrste og anden fluidstrgmningsbegrensere (3, 4) omfatter et rgr med en l&engde L og
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en hydraulisk middeldiameter <Dz >, hvor gennemsnittet er beregnet over l&ngden L,
hvor lengden (L) og den hydrauliske middeldiameter (<Dy>) er valgt for opnaelse af en laminar
strgmning, der typisk strgmmer ud af den ene af den fgrste og anden

fluidstrgmningsbegraensere (3, 4).

7. Fluidstrgmningsstyringsanordning (100) ifglge et hvilket som helst af kravene 1-5,
kendetegnet ved, at

én af den fgrste og anden fluidstrgmningsbegransere (3) omfatter et rgr med en lengde L og
en hydraulisk middeldiameter <Dz > malt over l&engden L,

hvor leengden (L) og den hydrauliske middeldiameter (<Dz>) er valgt til at opna et forhold
mellem lzngden L og den hydrauliske middeldiameter < Dz >, der resultater i et Reynoldstal
for fluidstrgmmen (RE), der er pa eller mindre end 4000, hvilket Reynoldstal er defineret som
RE = (D,) ((—/%E)
hvor

Q er den volumetriske strgmningsrate Q (m?/s),

<Ar> er det gennemsnitlige vedede tvaersnitsareal over lengden L (m/s),
<DL> er den hydrauliske middeldiameter over lengden L (m)

p er fluidstrgmratens densitet (kg/m?) og
u er den dynamiske fluidviskositet (kg/m-s).

8. Fluidstrgmningsstyringsanordning (100) ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at den fgrste fluidstramningsbegraenser (3) omfatter

- en indvendig udlgbskanal (13) placeret inde i fluidstyringsanordningshuset (8), der star i
fluidforbindelse med det andet strgmningsbaneindlgb (11),

- et udvendigt rgr (3b, 3c) med l&ngden L* placeret uden for fluidstyringsanordningshuset (8),
der star i fluidforbindelse med den indvendige udlgbskanal (13), og

- en indvendig returkanal (21) placeret inde i fluidstyringsanordningshuset (8), der star i
fluidforbindelse med det udvendige rgr (3b, 3c),

hvor en sektion (3d) af det udvendige rgr (3b, 3c) er spiralvundet.

9. Fluidstrgmningsstyringsanordning (100) ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at

den anden strgmningsbane (7) omfatter et sekundzrt strgmningsbaneudlgb (12), og ved, at
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mere end 70 % af lengden af den anden strgmningsbane (7) fra det andet strgmningsbaneindlgb

(11) og den anden strgmningsbaneudlgb (1) er placeret uden for fluidstyringsanordningshuset

(8).

10.  Fluidstrgmningsstyringsanordning (100) ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at det bevaegelige ventilelement (9) omfatter

- en nedre skive (9a) med en skiveflade, der vender ind mod kammeret B og

- en gvre skive (9b) anbragt med én skiveflade pa den nedre skive (9a) og den anden skiveflade,
der vender ind mod det primare strgmningsbaneindlgb (1),

hvor den gvre skives (9b) skivediameter er mindre end den nedre skives (9b) skivediameter og

hvor den aksiale overgang mellem den nedre skive (9a) og den gvre skive (9b) er glat.

11.  Fluidstrgmningsstyringsanordning (100) ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at f{luidstremningsstyringsanordningen (100) endvidere omfatter

- en anden ringformet skive (18) anbragt med dens centrerede dbning omkring den udvendige
periferi af det bevagelige ventilelement (9), hvor den anden ringformede skive (18) omfatter
- en aksialorienteret kant (18a), der strekker sig langs den udvendige periferi af den anden
ringformede skive (18), og som er udformet til at frembringe en fast aksial afstand mellem
fladen, der strekker sig radialt, af den anden ringformede (18), der vender ind mod det primare
strgmningsbaneindlgb (1) og en indvendig vaeg af fluidstyringsanordningshuset (8), hvor den
aksialorienterede kant (18a) har mindst én dbning (18b) konfigureret til at lede den primere
fluidstrgm (Fo), der strgmmer gennem det primare strgmningsbaneindlgb (1) fra det

bevagelige ventilelement (9) mod det primeare strgmningsbaneudlgb (5).

12.  Fluidstrgmningsstyringsanordning (100) ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at den fgrste fluidstrgmningsbegranser (3) omfatter et flerindlgbsrgr
(3a) med mindst to radialt adskilte indlgb (25), omkring det primare strgmningsbaneindlgb,
der star i fluidforbindelse med den sekundere fluidstrgm (f), der strgmmer gennem det andet

strgmningsbaneindlgb (11).

13.  Fluidstrgmningsstyringsanordning (100) ifglge et hvilket som helst af de foregaende
krav, kendetegnet ved, at den fgrste fluidstramningsbegraenser (3) omfatter
- et flerindlgbsrgr (3a) med mindst to indlgb (25) anbragt diagonalt, eller nasten diagonalt,

omkring det primare strgmningsbaneindlgb (1), der star i fluidforbindelse med den sekundzre
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fluidstrgm (f), der strgmmer gennem det andet strgmningsbaneindlgb (11),

- en indvendig udlgbskanal (13) anbragt inde i fluidstyringsanordningshuset (8), der star i
fluidforbindelse med flerindlgbsrgret (3a),

- et udvendigt rgr (3b,3c) med en lengde L* anbragt mindst delvist uden for
fluidstyringsanordningshuset (8), der star i fluidforbindelse med den indvendige udlgbskanal
(13) og

- en indvendig returkanal (21) placeret inde i fluidstyringsanordningshuset (8), der star i

fluidforbindelse med det udvendige rgr (3b,3c).

14.  Produktionsstreng til transport af carbonhydrider, hvor produktionsstrengen omfatter

- basisrgr (102),

- en indeslutning (104,107,108) anbragt ved den udvendige vag af basisrgret (102) med mindst
én indeslutningsindgangsabning (111) og

- en fluidstrgmningsstyringsanordning (100) ifglge et hvilket som helst af kravene 1-13,

hvor fluidstrgmningsstyringsanordningen (100) er anbragt inde i et gennemgaende hul i
vaeggen af basisrgret (102) inde i indeslutningen (104,107,108), saledes at en styrbar
fluidforbindelse opnas mellem indeslutningen (104,107,108) og det indvendige af basisrgret
(102), og

hvor indeslutningen (104,107,108) er udformet til at tilvejebringe et indgangskammer (109),
der dakker mindst den mindst ene indeslutningsindgangsdbning (111) af indeslutningen
(104,108,108) og dakker fluidstrgmningsstyringsanordningens  (100)  primare
strgmningsbaneindlgb (1) og det andet strgmningsbaneindlgb (11).

15.  Fremgangsmade til styring af en fluidstrgm (F) baseret pa @ndringer i fluidegenskaber
ved hjalp af en fluidstrgmningsstyringsanordning (100) ifglge et hvilket som helst af kravene
1-13, fremgangsmaden omfatter fglgende trin:

- fgring af den primere fluidstrgm (Fop), der udggr en stgrre del af fluidstrgmmen (F) gennem
den primare strgmningsbane (2) inde i fluidstyringsanordningshuset (8); og

- fgring af den sekundare fluidstrgm (f) gennem den anden strgmningsbane (7), hvor den
sekundeere fluidstrgm (f) udggr en mindre del af fluidstrgmmen (F), nar
fluidstyringsanordningen (100) er i en aben position, hvor en stgrre del af lengden af den anden

strgmningsbane (7) straekker sig uden for fluidstyringsanordningshuset (8).
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