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(57) Abrégée/Abstract:
A flow regulator for use in a subterranean well. A well flow regulating system Includes a flow regulator for regulating a flow rate of a
fluid in a wellbore, the flow rate remaining substantially constant while a differential pressure across the flow regulator varies. The
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(57) Abrege(suite)/Abstract(continued):

flow regulator I1s adjustable while positioned within the wellbore to change the flow rate. Another well flow regulating system
Includes a flow regulator for maintaining a desired fluid flow rate between an annulus and an interior passage of a tubular string.
The flow regulator includes a closure device, a biasing device which applies a biasing force to the closure device, and a flow
restriction which operates to apply a restriction force to the closure device. The biasing force and/or the restriction force Is
adjustable downhole to change the flow rate.
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(57) Abstract: A flow regulator for use in a subterranean well.
A well flow regulating system includes a flow regulator for reg-
ulating a flow rate of a fluid in a wellbore, the flow rate remain-
ing substantially constant while a differential pressure across the
flow regulator varies. The flow regulator is adjustable while po-
sitioned within the wellbore to change the flow rate. Another
well flow regulating system includes a flow regulator for main-
taining a desired fluid flow rate between an annulus and an in-
terior passage of a tubular string. The flow regulator includes a
closure device, a biasing device which applies a biasing force to
the closure device, and a flow restriction which operates to apply
a restriction force to the closure device. The biasing force and/or
the restriction force is adjustable downhole to change the flow
rate.
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FLOW REGULATOR FOR USE IN A SUBTERRANEAN WELL

TECHNICAL FIELD

The present invention relates generally to equipment
utilized and services performed in conjunction with a
subterranean well and, in an embodiment described herein,

more particularly provides a flow regulator for use in a
well.

BACKGROUND

It 1s beneficial to be able to regulate a rate of fluid
flow out of, or into, a formation or zone intersected by a
wellbore. Downhole chokes have been developed in the past
to enable regulation of production and/or injection flow
rates. However, improvements are needed to address certain

situations encountered in the downhole environment.

For example, a typical downhole choke is configured at

the surface to permit a certain flow rate when a certain
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pressure differential of a certain density fluid is applied
across the choke. Then, the choke 1s installed in the
wellbore. If conditions change (such as increased water
production, decreased reservolr pressure, etc.) and it is
desired to change the choke settings, the choke must be
retrieved from the wellbore, reconfigured and then installed

in the wellbore in an expensive and time-consuming process.

If conditions change again, the process must be
repeated again. In particular, if the pressure differential

across the choke changes, the flow rate through the choke

also changes.

Another type of downhole choke can be adjusted from the
surface using hydraulic control lines. Unfortunately, the
choke still cannot respond to varying downhole conditions

(such as changing pressure differentials) to maintain a

substantially constant flow rate.

Therefore, i1t may be seen that improvements are needed
in downhole flow regulating systems. It is an object of the

present invention to provide such improvements.

SUMMARY

TN

In carrying out the principles of the present
invention, a flow regulating system is provided which solves
one or more problems i1n the art. One example is described
below 1n which a flow regulétor permits a desired flow rate
over a wide range of pressure differentials, and the flow
rate 1s adjustable downhole. Another example is described
below 1in which a flow regulator automaticaliy responds to

changing downhole conditions by changing a flow rate through

the flow regulator.
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In one aspect of the invention, a well flow regulating
system 1s provided which includes a flow regulator for
regulating a flow rate of a fluid in a wellbore. The flow
rate remains substantially constant while a differential
pressure across the flow requlator varies. The flow
regulator 1s adjustable while positioned within the wellbore

to change the flow rate.

In another aspect of the invention, a well flow
regulating system 1s provided which includes a tubular
string positioned in a wellbore. An annulus is formed
between the tubular string and the wellbore. A flow
regulator maintains a desired fluid flow rate between the
annulus and an 1nterior passage of the tubular string, or
compensates for fluid density changes while maintaining a

constant flow rate.

The flow regulator includes a closure device, a biasing
device and a flow restriction. The biasing device applies a
biasing force to the closure device in one direction, and
the flow restriction operates to apply a restriction force

to the closure device 1n an opposite direction. At least

"one of the biasing force and the restriction force is

adjustable downhole to change the flow rate.

These and other features, advantages, benefits and
objects of the present invention will become apparent to one
of ordinary skill in the art upon careful consideration of
the detailed description of representative embodiments of

the invention hereinbelow and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 1s a schematic partially cross-sectional view of
a well flow regulating system embodying principles of the

present invention;

FIG. 2 is an enlarged scale schematic cross-sectional
5 view of the system of FIG. 1 depicting further details of a

flow regulator of the system;

FIG. 3 1s a schematic cross-sectional view of the

system of FIG. 1 depicting an alternate construction of the

flow regulator;

10 FIG. 4 1s a schematic cross-sectional view of the
system of FIG. 1 depicting another alternate construction of

the flow regulator;

FIG. 5 1s an enlarged scale schematic cross-sectional
view 0f an alternate configuration of a closure device of

15 the flow regulator;

FIG. 6 1s a schematic cross-sectional view of another

alternate configuration of the closure device;

FIG. 7 1is a schematic cross-sectional view of a further

alternate configuration of the closure device; and

20 FIG. 8 1s a schematic cross-sectional view of another
alternate construction of the flow regulator which may be

used 1n the system of FIG. 1.

DETAILED DESCRIPTION

25

Representatively 1llustrated in FIG. 1 is a well flow
regulating system 10 which embodies principles of the
present invention. In the following description of the
system 10 and other apparatus and methods described herein,

30 directional terms, such as “above”, “below”, “upper”,
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“lower”, etc., are used for convenience in referring to the

accompanying drawings. Additionally, it is to be understood

- that the various embodiments of the present invention

described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of the present invention. The embodiments are
described merely as examples of useful applications of the
principles of the invention, which is not limited to any

specific details of these embodiments.

As depicted in FIG. 1, a tubular string 12 has been
installed in a wellbore 14. A packer 16 seals off an
annulus 18 formed radially between the tubular string 12 and
the wellbore 14. Fluid (represented by arrows 20) is thus
constrained to flow from a formation or zone 22 intersected
by the wellbore 14 into an interior passage 24 of the
tubular string 12 via a flow regulator 26 interconnected in

the tubular string.

Although the system 10 is described as being used to
produce the fluid 20 from the zone 22, it should be clearly

understood that 1t 1s not necessary for the fluid to be
produced 1n keepling with the principles of the invention.
The fluid 20 could instead be injected or the fluid 20 could
be transferred from one zone to another via the wellbore 14,
etc.. Thus, the particulér direction of flow or destination
of the fluid 20 can be changed without departing from the

principles of the invention.

In one important feature of the system 10, the flow
regulator 26 maintains a certain flow rate of the fluid 20
from the annulus 18 into the passage 24 over a wide range of
pressure differentials. In another important feature of the

system 10, the flow requlator 26 can be adjusted downhole to
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change the flow rate of the fluid 20, for example, using
pressure applilied via one or more lines 28 extending to a
remote location (such as the earth’s surface or another
location 1in the well). 1In yet another important feature of
the system 10, the flow regulator 26 in certain
configurations can be adjusted automatically and

intelligently in response to changing downhole conditions.

Referring additionally now to FIG. 2, an enlarged
cross-sectional view of the system 10 is representatively
illustrated. Depicted in FIG. 2 is one possible
configuration of the flow regulator 26. Note that the flow
regulator 26 includes a generally tubular housing 30 having
openings 32 formed through its sidewall to permit the fluid
20 to flow between the annulus 18 and the passage 24.

A closure device 34 is used to selectively close off or
open up the openings 32 to thereby regulate the flow rate of
the fluid 20 through the openings. As shown in FIG. 2, the
openings 32 are fully open, but upward displacement of the
closure device 34 will operate to progressively close off
the openings, thereby reducing the flow rate of the fluid 20
through the openings. Although the closure device 34 is
depicted in FIG. 2 as being positioned external to the
housing 30, it could be otherwise positioned (such'as
internal to the housing, within the housing sidewall, etc.)

in keeping with the principles of the invention.

A biasing device 36 (such as a spring, gas charge, or
other type of biasing device) is used to resiliently apply a
downwardly directed biasing force to the closure device 34.
Thus, the biasing device 36 biases the closure device 34

toward 1its position in which the openings 32 are fully open.

An actuator 38 is used to vary the biasing force

applied to the closure device 34 by the biasing device 36.

—



10

15

20

25

30

CA 02596408 2007-07-31
WO 2006/085870 PCT/US2005/003928

The actuator 38 includes a sleeve 40 reciprocably mounﬁed on
the housing 30, and a temperature responsive shape memory
material 42. The material 42 is positioned between
shoulders formed on the sleeve 40 and the housing 30, so
that the sleeve 1s displaced downward when the material is
in 1ts elongated condition (as depicted in FIG. 2), and the
sleeve may be displaced upward when the material is in its

contracted condition.

When the sleeve 40 1s in 1ts downwardly displaced
position (as shown in FIG. 2), an increased biasing force is
applied to the closure device 34 by the biasing device 36
due to the biasing device being further compressed between
the sleeve and the closure device. When the sleeve 40 is in
its upwardly displaced position, a reduced biasing force is
applied to the closure device 34 by the biasing device 36
due to the biasing device being less compressed between the

sleeve and the closure device.

The shape memory material 42 alternates between its
elongated and contracted conditions 1in response to
temperature changes in the wellbore 14. For example, the
material 42 may change shape in response to a change in
temperature of the fluid 20 flowing through the passage 24
(e.g., due to increased water or gas production). This
change i1n shape of the material 42 may be used to change the .
flow rate of the fluid 20 flowing into the openings 32 by
changing the biasing force applied to the closure device 34

by the biasing device 36, as described in further detail

below.

A flow restriction 44 is formed in the annulus 18 due
to an outwardly extending annular shaped projection 46 on a

lower end of the closure device 34. Flow of the fluid 20

through this restriction 44 creates a pressure differential
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across the projection 46 (e.g., due to the Bernoulli
principle or venturi effect), thereby applying an upwardly

directed force to the closure device 34.

If the upwardly directed force applied to the closure
device 34 due to the flow restriction 44 exceeds the
downwardly directed biasing force applied to the closure
device by the biasing device 36, the closure device will
displace upward, thereby decreasing the flow rate of the
fluid 20 through the openings 32. This decreased flow rate
will decrease the pressure differential across the
projection 46, thereby reducing the upwardly directed force

applied to the closure device 34 due to the flow restriction
44

If the downwardly directed force applied to the closure
device 34 by the biasing device 36 exceeds the upwardly
directed biasing force applied to the closure device due to
the flow restriction 44, the closure device 34 will displace
downward, thereby increasing the flow rate of the fluid 20
through the Spenings 32. This increased flow rate will
increase the pressure differential across the projection 46,
thereby increasing the upwardly directed force applied to

the closure device 34 due to the flow restriction 44.

For a given set of conditions, a state of equilibrium
preferably exists in which the biasing force applied to the
closure device 34 by the biasing device 36 equals the force
applied to the closure device due to the flow restriction
44. At this state of equilibrium, the closure device 34 is
preferably in a position in which the openings 32 are

partially open (i.e., the closure device is between its

fully open and fully closed positions), thereby permitting a

certain flow rate of the fluid 20 through the openings.
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If a pressure differential between the annulus 18 and
the passage'24 should change (e.g., due to reduced reservoir
preésure over time, etc.), the flow regulator 26 compensates
by maintaining substantially the same flow rate of the fluid
20. For example, 1f the pressure differential from the
annulus 18 to the passage 24 decreases, the force applied to
the closure device 34 due to the flow restriction 44 will
also decrease and the biasing force applied by the biasing
device 36 will displace the closure device downward to a
position in which the openings 32 are further opened,
thereby maintaining the desired flow rate of the fluid 20

through the openings.

If the pressure differential from the annulus 18 to the
passage 24 1ncreases, the force applied to the closure
device 34 due to the flow restriction 44 will also increase
and displace the closure device upward to a position in
which the openings 32 are further closed, thereby
maintaining the desired flow rate of the fluid 20 through
the openings. Thus, the floﬁ‘rate of the fluid 20 through
the openings 32 is maintained whether the pressure

differential increases or decreases.

As described above, the biasing force applied by the
biasing device 36 to the closure device 34 can be changed by
the actuator 38. It will be readily appreciated by those
skilled in the art that an increase in the biasing force
will result in the closure device 34 being further
downwardly positioned at the state of equilibrium, thereby
permitting an increased flow rate of the fluid 20 through
the openings 32, and a decrease in the biasing force will
result in the closure device 34 being further upwardly
positioned at the state of equilibrium, thereby permitting a

decreased flow rate of the fluid 20 through the openings.

4
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Therefore, the flow rate of the fluid 20 through the
openings 32 can be automatically adjusted downhole by the
actuator 38 1n response to changing downhole conditions,
such as a change in temperature of the fluid. This may be
useful in many situations, such as when an increased
production of water occurs and it is desired to reduce the
flow rate of the fluid 20. A decrease in temperature of the
fluid 20 may cause the material 42 to contract, thereby
reducing the downward biasing force applied to the closure
device 34, resulting in the closure device being positioned
further upward and reducing the flow rate through the

openings 32.

Referring additionally now to FIG. 3, an alternate
configuration of the flow regulator 26 is representatively
illustrated. This configuration is very similar to that
shown in FIG. 2, except that a different actuator 48 is used
to vary the biasing force applied by the biasing device 36

to the closure device 34.

The actuator 48 is hydraulically operated and includes
a piston 50 reciprocably mounted on the housing 30.
Downward displacement of the piston 50 increases the biasing
force by further compressing the biasing device 36. Upward
displacement of the piston 50 reduces the biasing force by
decreasing compression of the biasing device 36. Thus,
displacement of the piston 50 results in changes in the flow
rate of the fluid 20 through the openings 32 in a manner
similar to that described above for displacement of the

sleeve 40.

The lines 28 may be used to apply pressure to the
piston 50 from a remote location, or from a location
proximate to the flow regulator 26 as described below. Note

that a single line 28 may be used instead of multiple lines.
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A volume metering device 52 may be connected to one or both
of the lines 28 to permit predetermined volumes of fluid to
be metered into or out of the actuator 48, for example, to
produce known incremental displacements of the piston 50 and

thereby produce known incremental changes in the flow rate
of the fluid 20.

The device 52 may be any type of volume metering
device. For example, any of the devices described in U.S.
Patent No. 6,585,051 may be used, e.g., to discharge a
predetermined volume of fluid into the actuator 48. As
another example, the device described in U.S. Application
No. 10/643,488 filed August 19, 2003 may be used, e.qg., to
permit discharge of a predetermined volume of fluid from the
actuator 48. The entire disclosures of the U.S. patent and

application mentioned above are incorporated herein by this

reference.

The configuration of the flow regulator 26 depicted in
FIG. 3 demonstrates that various types of actuators may be
used i1in the flow regulator. For example, electrical (such
as solenoids, etc.), mechanical, hydraulic, thermal,
optical, magnetic and other types of actuators may be used.
A mechanical actuator of the type known to those skilled in
the art as a ratchet or J-slot mechanism could be used to
mechanically increment the displacements of the sleeves 40,
50 in a manner similar to the way the device 52 permits
displacement of the sleeve 50 to be hydraulically
incremented. Furthermore, these actuators may be used for
purposes other than, or in addition to, varying the biasing

force exerted by the biasing device 36.

Referring additionally now to FIG. 4, another alternate

configuration of the flow regulator 26 is representatively

illustrated. This configuration of the flow regulator 26 is
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similar to that depicted in FIG. 3, except that the lines 28

are connected to a downhole pressure source 54.

The pressure source 54 is interconnected in the tubular
string 12 and is connected directly or indirectly to the
flow regulator 26. The pressure source 54 could be combined
with the flow regulator 26 in a single well tool, or they

can be separately provided, as shown in FIG. 4.

The pressure source 54 preferably includes a downhole
pump 56 and flow control devices 58 (e.g., valves,
manifolds, volume metering devices, etc.) interconnected
between the pump and the lines 28. Preferably, the pump 56
operates 1n response to flow of the fluid 20 through the
passage 24, although other types of pumps may be used if

desired (such as an electric pump, etc.).

The flow control devices 58 are preferably operated in

response to signals received from a control module 60
interconnected in the tubular string 12. The control module
60 may be combined with either or both of the pressure
source 54 and flow requlator 26, or it may be separately
provided as shown in FIG. 4. Note that the flow control
devices 58 could be controlled from a remote location, with

or without use of the control module 60.

The control module 60 preferably includes a processor

62 and one oOor more sensors 64. The sensor 64 senses a
downhole parameter (such as temperature, pressure, flow
rate, resistivity, density, water cut, gas cut and/or other
parameters) and provides an output to the processor 62. The
processor 62 1s programmed to operate the flow control
devices 58 and/or pump 56 to actuate the actuator 48 so that
a desired flow rate of the fluid 20 is achieved based on the

downhole parameter(s).



10

15

20

25

30

CA 02596408 2007-07-31
WO 2006/085870 PCT/US2005/003928

- 13 -

For example, 1f the sensor 64 detects an increased
water cut, the processor 62 may be programmed to cause the
pressure source 54 to actuate the actuator 48 so that the
flow rate of the fluid 20 is decreased. The processor 62
may be reprogrammed downhole using an inductive coupling 66
of the type well known to those skilled in the art, or
telemetry methods (such as electromagnetic, acoustic,
pressure pulse, wired or wireless telemetry, etc.) may be

used to reprogram the processor.

The processor 62 and other components of the system 10
(such as the sensor 64, pump 56, flow control devices 58,
etc.) may be provided with electrical power using a downhole
battery 68. The battery 68 may be replaceable or
fechargeable downhole. Alternative electrical power sources
include downhole generators, fuel cells, electrical lines

extending to a remote location, etc.

The configuration of the system 10 depicted in FIG. 4
demonstrates that the flow rate of the fluid 20 may be
changed i1ntelligently downhole based on parameters of the

downhole environment. The processor 62 may be programmed to

~utilize complex relationships between multiple downhole

parameters in controlling operation of the flow regulator
26. The processor 62 could include neural networks or other

types of learning algorithms to optimize the flow rate of
the fluid 20.

Referring additionally now to FIG. 5, an alternate
configuration of the closure device 34 is representatively
illustrated apart from the remainder of the flow regulator
26. In this configuration of the closure device 34, an

adjustable projection 70 is used in place of the fixed

projection 46 described above.
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As depicted in FIG. 5, the projection 70 is generally
wedge-shaped and 1s reciprocably mounted on an inclined
surface 72 of the closure device 34. The projection 70
could instead be any type of extendable device, such as a C-
ring, segmented or spirally shaped device, expanding cone,
etc. An actuatér 74 (such as an electrical, hydraulic,
mechanical, optical, thermal, magnetic, or other type of
actuator) 1s used to displace the projection 70 relative to
the surface 72 to thereby radially extend and retract the

projection.

It the projection 70 is displaced downward by the
actuator 74, 1t will extend outward and further increase the
restriction to flow through the annulus 18. This will
increase the pressure differential across the projection 70
and thereby increase the upwardly directed force applied to

the closure device 34.

If the projection 70 is displaced upward by the
actuator 74, 1t will retract inward and decrease the
restriction to flow through the annulus 18. This will
decrease the pressure differential across the projection 70
and thereby decrease the upwardly directed force applied to

the closure device 34.

Thus, 1t will be readily appreciated by those skilled
in the art that the flow restriction 44 may be varied to
change the flow rate of the fluid 20 through the openings
32. Note that the flow rate of the fluid 20 may be changed
by varying the flow restriction 44 in addition to, or as an
alternative to, varying the biasing force exerted by the
biasing device 36 on the closure device 34. The actuator 74
may be controlled by the control module 60 described above
and, 1f hydraulically operated, may be supplied with

pressure by the pressure source 54.
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Referring additionally now to FIG. 6, another alternate
configuration of the closure device 34 is representatively
i1llustrated. In this configuration, a projection 76 is used
which is in the form of an expandable bladder or membrane.
Pressure may be varied 1n a chamber 78 of the closure device
34 to extend or retract the projection 76 as desired to
respectively increase or decrease the resistance to flow of
the fluid 20 through the restriction 44 and thereby increase
or decrease the upwardly directed force applied to the

closure device. The chamber 78 may be connected to the
pressure source 54, with the pressure level being regulated

by the control module 60.

Referring additionally now to FIG. 7, another alternate
configuration of the closure device 34 is representatively
illustrated. In this configuration, the flow restriction 44
1s formed between the projection 46 and an outer sleeve 80

of the flow regulator 26.

Thus, 1t 1s not necessary in keeping with the
principles of the invention for the flow restriction 44 to
be formed between the flow regulator 26 and the wellbore 14
in the annulus 18. The flow restriction 44 can instead be

positioned in the flow regulator 26 itself.

The outer sleeve 80 may displace with the closure
device 34, so that the flow restriction 44 remains constant
as the closure device displaces relative to the housing 30.
The outer sleeve 80 could be integrally formed with the
closure device 34. Furthermore, the outer sleeve 80 may be
displaceable relative to the closure device 34 (for example,
using an actuator such as the actuator 74 described above)
to vary the resistance to flow of the fluid 20 through the
flow restriction 44. In this manner, the flow rate of the

fluid 20 may be changed by varying the force applied to the
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closure device 34 due to flow of the fluid through the flow
restriction 44, as with the configurations depicted in FIGS.
5 and 6.

Referring additionally now to FIG. 8, an alternate
configuration of the flow regulator 26 1s representatively
illﬁstrated. In this configuration, the closure device 34,
biasing device 36 and actuator 48 are positioned in a
sidewall of the flow regulator 26. The flow restriction 44
is due to the closure device 34 restricting flow through

another opening 82 formed through a sidewall of the housing
30.

As depicted in FIG. 8, the opening 82 is completely
closed off by the closure device 34, but preferably in
operation the closure device will only partially close off
the opening. Flow of the fluid 20 through the flow
restriction 44 will cause a downwardly directed force to be
applied to the closure device 34, while the biasing device
36 applies an upwardly directed biasing force to the closure
device. A state of equilibrium will preferably result when

these forces are balanced, permitting a desired flow rate of

the fluid 20 through the opening 32.

The actuator 48 may be used to vary the biasing force
exerted by the biasing device 36. The actuator 48 could be
hydraulically operated as depicted in FIG. 8, or it could be
any other type of actuator (such as electrical, mechanical,
magnetic, optical, thermal, etc.). The actuator 48 may be
supplied with pressure from the pressure source 54 and its

operation may be controlled by the control module 60.

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the invention, readily

appreciate that many modifications, additions,
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substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of the present invention. Accordingly,

the foregoing detailed description is to be clearly
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WHAT 1S CLAIMED 1IS:

1. A well flow regulating system, comprising:

a flow regulator for regulating a f1ow rate of a fluid
in a wellbore, the flow rate remaining substantially
constant while a differential pressure across the flow
regulator varies, and the flow regulator being adjustable

while positioned within the wellbore to change the flow

rate.

2 . The system of claim 1, wherein the flow regulator
1s adjusted automatically in response to a change in at

least one downhole parameter.

3. The system of claim 2, wherein the parameter is at
least one of temperature, pressure, flow rate, resistivity,

density, water cut and gas cut.

4, The system of claim 2, further comprising at least
one sensor for sensing the parameter, the flow rate being

adjusted in response to an output of the sensor.

5. The system of claim 1, wherein the flow regulator
includes an actuator for varying a biasing force applied to

a closure device of the flow regulator to thereby adijust the

flow rate.
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6. The system of claim 5, wherein the actuator is at
least one of a hydraulic, electrical, optical, thermal,

mechanical and magnetic actuator.

7. The system of claim 1, wherein the flow regulator
includes a flow restriction and a closure device, the
closure device displacing in response to a variance in a
pressure differential across the flow restriction to thereby

maintain the flow rate substantially constant.

8. The system of claim 7, wherein the closure device
displaces to decrease a flow area in the flow regulator in

response to an 1ncrease 1n the pressure differential across

the flow restriction.

9. The system of claim 7, wherein the flow
restriction 1s adjustable downhole to thereby adjust the

tlow rate.

10. The system of claim 7, wherein the flow
restriction 1s formed between the closure device and the

wellbore.
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l11. A well flow regulating system, comprising:

a tubular string positioned in a wellbore, an annulus
being formed between the tubular string and the wellbore:

and

a flow regulator for maintaining a desired fluid flow
rate between the annulus and an interior passage of the
tubular string, the flow regqgulator including a closure
device, a biasing device which applies a biasing force to
the closure device in a first direction, and a flow
restriction which operates to apply a restriction force to
the closure device in a second direction opposite to the
first direction, at least one of the biasing force and the

restriction force being adjustable downhole to change the

flow rate.

12. The system of claim 11, wherein the flow regqulator
includes an actuator which adjusts the biasing force applied

to the closure device by the biasing device.

13. The system of claim 12, wherein the biasing force
1s incrementally adjusted by a mechanical mechanism of the

actuator.

14. The system of claim 12, wherein the actuator

includes a piston which displaces to vary the biasing force

applied to the closure device by the biasing device.

15. The system of claim 14, wherein the piston is

incrementally displaced by a fluid volume metering device.
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16. The system of claim 14, wherein the piston is

displaced by fluid pressure generated by a downhole pump

connected to the flow regulator.

17. The system of claim 12, wherein the actuator
includes a material responsive to temperature change in the

wellbore to vary the biasing force applied to the closure

device by the biasing device.

~

18. The system of claim 12, wherein the actuator

varies the biasing force in response to a change in at least

one downhole parameter.

19. The system of claim 18, wherein the parameter is
at least one of temperature, pressure, flow rate,

resistivity, density, water cut and gas cut.

20. The system of claim 18, further comprising a

sensor which senses the parameter.

21. The system of claim 12, wherein the .actuator also

varies the flow restriction to thereby adjust the

restriction force applied to the closure device.

22. The system of claim 11, wherein the flow
restriction 1s formed in the annulus between the flow

regulator and the wellbore.
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23. The system of claim 11, wherein the flow

restriction is formed internally in the flow regulator.

{

24. The system of claim 11, wherein the restriction

> force 1s adjusted by varying a flow area in the annulus.

25. The system of claim 11, wherein the restriction

force is adjusted by varying a flow area within the flow

regulator.
10
26. The system of claim 11, wherein the flow regulator
further includes an actuator which adjusts the restriction
force.
15 27. The system of claim 26, wherein the actuator

displaces a device to vary a flow area at. the flow

restriction.

28. The system of claim 26, wherein the actuator
20 varies the restriction force in response to a change in at

least one downhole parameter.

29. The system of claim 28, wherein the parameter is
at least one of temperature, pressure, flow rate,

25 resistivity, density, water cut and gas cut.

30. The system of claim 28, further comprising a

sensor which senses the parameter.
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31. The system of claim 11, further comprising a
control module connected to the flow regulator, the control
module including at least one sensor for sensing a downhole

parameter.

32. The system of claim 31, wherein the flow rate is

changed in response to an output of the sensor.

33. The system of claim 31, wherein the control module
further includes a processor which is programmable to change

the flow rate i1n response to an output of the sensor.

34. The system of claim 33, wherein the processor is

programmable downhole.

35. The system of claim 31, further comprising a
pressure source connected to the flow regulator and the
control module, the pressure source being operable to change

the flow rate as directed by the control module.

36. The system of claim 35, wherein the pressure

source 1ncludes a downhole pump.
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37. A well flow regulating system, comprising:

a flow regulator for regulating a flow rate of a fluid
in a wellbore, the flow rate remaining substantially
constant while a density of the fluid varies, and the flow
regulator being adjustable while positioned within the

wellbore to change the flow rate.

38. The system of claim 37, wherein the flow regulator
1s adjusted automatically in response to a change in at

least one downhole parameter.

39. The system of claim 38, wherein the parameter is
at least one of temperature, pressure, flow rate,
resistivity, pressure differential across the flow

regulator, water cut and gas cut.

40. The system of claim 38, further comprising at
least one sensor for sensing the parameter, the flow rate

being adjusted in response to an output of the sensor.

41. The system of claim 37, wherein the flow regqulator
includes an actuator for varying a biasing force applied to

a closure device of the flow regulator to thereby adjust the

flow rate.

42. The system of claim 41, wherein the actuator is at
least one of a hydraulic, electrical, optical, thermal,

mechanical and magnetic actuator.
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43. The system of claim 37, wherein the flow regulator

includes a flow restriction and a closure device, the

closure device displacing in response to a variance in a

pressure differential across the flow restriction to thereby

maintain the flow rate substantially constant.

44. The system of claim 43, wherein the closure device

displaces to decrease a flow area in the flow regulator in

response to an increase in the pressure differential.

45. The system of claim 43, wherein the flow

restriction i1s adjustable downhole to thereby adjust the

flow rate.

46. The system of claim 43, wherein the flow

restriction is formed between the closure device and the

wellbore.
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47. A well flow regulating system, comprising:

a tubular string positioned in a wellbore, an annulus

being formed between the tubular string and the wellbore:

and
5 a flow regulator for maintaining a desired fluid flow
rate between the annulus and an interior passage of the
tubular string, the flow regulator regqulating the flow rate
1n response to a pressure differential across a flow
restriction in the annulus.
10

48. The system of claim 47, wherein the flow regulator

maintains the flow rate substantially constant while a
differential pressure across the flow regulator varies, and

the flow regulator being adjustable while positioned within

15 the wellbore to change the flow rate.

49. The system of claim 47, wherein the flow regulator

maintains the flow rate substantially constant while a

density of the fluid varies, and the flow regulator being

20 adjustable while positioned within the wellbore to change

the flow rate.

50. The system of claim 47, wherein the flow regulator

1s adjusted automatically in response to a change in at

25 least one downhole parameter.

51. The system of claim 50, wherein the parameter is

at least one of temperature, pressure, flow rate,

resistivity, density, water cut, gas cut and differential

30 pressure across the flow regulator.
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52. The system of claim 50, further comprising at
least one sensor for sensing the parameter, the flow rate

being adjusted in response to an output of the sensor.

53. The system of claim 47, wherein the flow regulator
includes an actuator for varying a biasing force applied to
a closure device of the flow regulator to thereby adjust the

flow rate.

54. The system of claim 53, wherein the actuator is at
least one of a hydraulic, electrical, optical, thermal,

mechanical and magnetic actuator.

55. The system of claim 47, wherein the flow regulator
includes a closure device, the closure device displacing in
response to a variance in the pressure differential across
the flow restriction to thereby maintain the flow rate

substantially constant.

56. The system of claim 55, wherein the closure device
displaces to decrease a flow area in the flow requlator in
response to an increase 1n the pressure differential across

the flow restriction.

57. The system of claim 47, wherein the flow
restriction 1s adjustable downhole to thereby adjust the

flow rate.
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