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REIVINDICACIONES

L. Un sistema de resistencia variable al flujo para su
uso en un pozo subterrdneo, el sistema comprende:

una camara de flujo a través de la cual una composicién
de  fluidos fluye, teniendo la c¢édmara una entrada y una
salida, y donde la composicién de fluidos entra a la cdmara a
través de la entrada en una direccidn que cambia basada en
una razon entre el fluido deseado vy el fluido indeseado en la

composioion de fluidos.,

2. El sistema de la reivindicacidén 1, en donde la
composicion de fluidos fluye hacia la cdmara sélo a través de

la entrada.

i. Bl sistema de la reivindicacidn 1, qgque ademas
comprence un pasaje del flujo el cual dirige la composicidn
de fluidos hacia la entrada, y donde el pasaje del. fluio

tiene un cambio abrupto en la direccidn prdéxime a la entrada.

4. ¥l sistema de la reivindicacién 3, en donde el pasaje
del flujo aguas arriba del cambio abrupto en la direccién se
alinea radialmente de manera general en relacidén con la

AL .

5. El sistema de la reivindicacién 3, en donde el pasa’ie
del fludo aguas arriba del cambio abrupto en la direccidn se
alinea tangencialmente de manera general en relacidn con la

CAMALE .

6. Fl sistema de la reivindicacidn 1, que ademas
comprende un pasaje del flujo que dirige la composicidn de
fluidos hacia la entrada, vy donde el pasaje del flujo no se
alinea ni radialmente ni tangencialmente con relacidén a la

CaAmara .

7. El sistema de la reivindicacidn 1, qgue ademas

comprends al menos una estructura gue presiona una parte de
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la composicién de fluidos la cual fluye indirectamente entre

la entrada y la salida para mantener tal flujo indirecto.

8. El sistema de la reivindicacién 7, en donde la
estructura comprende al menos un alabe y una cavidad.

9. El sistema de la reivindicacién 7, en donde la
estructura se proyecta al menos hacia adentro vy hacia afuera
en relacidn con una pared de la cémara.

10. El sistema de la reivindicacidén 7, en donde la
estructura tieme al menos una abertura que permite gque la
composicién de fluidos fluya directamente desde la entrada
hacia la salida.

11. El sistema de la reivindicacidén 1, que ademds
comprende al menos una estructura gue presiona una parte de
la composicidén de fluidos la cual fluye indirectamente entre
la entrada y la salida para fluir méds directamente hacia la

aalida.

12. El sistema de la reivindicacidn 11, en donde la
estructura presiona cada vez mds a la parte de la composicidn
de fluidos a fluir més directamente hacia la salida cuando se

incrementa la viscosidad de la composicidn de fluidos.

13. El gzistema de la reivindicacidén 11, en donde 1la
@structura presiona cada vez mds a la parte de la composicidn
de f{fluidos a fluir més directamente hacia 1la salida cuando

disminuye la velocidad de la composicidn de fluidos.

14. El sistema de la reivindicacidén 11, en donde 1la
estructura presiona cada vez mas a la parte de la composicidn
de fluldos a fluir mas directamente hacia la salida cuando se
incrementa la razdn entre el fluido deseado y el fluido

indeseado en la composicidn de fluidos.

15. El sgigtema de la reivindicacidén 11, en donde la

estructura presiona cada vez mds a la parte de la composicidn
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de fliuidos a fluir mds directamente hacia la salida cuando
disminuye la densidad de la composicién de fluidos.

l6. El sistema de la reivindicacién 1, en donde 1la
composicidén de fluidos fluye mas directamente desde 1la
entrada hacia la salida cuando se incrementa la viscosidad de
la composicion de fluidos.

17, ElL sistema de la reivindicacién 1, en donde la
composicién de fluidos fluye més directamente desde la
entrada hacia la salida cuando disminuye la velocidad de la
composicidén de fluides.

18, El sistema de la reivindicacién 1, en donde la
composicidén de fluidos fluye mads directamente desde la
entrada hacia la salida cuando eiisminuyé la densidad de 1la
composicidén de fluidos.

19. El sistema de la reivindicacién 1, en donde la
composicidén de fluidos fluye més directamente desde Ja
entrada hacia la salida cuando se incrementa la razdén entre
el fluido deseado y el fluido indeseado.

20. El sistema de la reivindicacidén 1, en donde una
direccidn recta se extiende entre la entrada y la salida, vy
donde la direccidén de la composicién de fluidos que entra a
la camara a través de la entrada es angular en relacién con
la direccidn recta, siendo el é&ngulo dependiente de una

caracteristica de la composicidn de fluidos.

21. Un sistema de pozo, que comprende:

un sistema de resistencia variable al flujo a través de
la cual una composicidén de fluidos fluye entre una sarta
tubular y una formacidén terrea que bordea un hoyo del sistema
de pozo, el sistema de resistencia variable al flujo incluye
una cémara de flujo a través de la cual la composicidn de
fluidos fluye, la cédmara tiene una salida y al menos una
entrada, vy donde la composicidén de fluidos fluye mas
directamente desde la entrada hacia la salida cuando se
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incrementa una razdén entre el fluido deseado y el fluido
indeseado en la composicién de fluidos.

22. El sistema de la reivindicacién 21, en donde la
composicidn de fluidos se mueve dentro de la cdmara hacia la
salida en una direccidén gue cambia basada en la razdn entre

el fluido deseado y el fluido indeseado en la composicién de
fluidos.,

23. El sistema de la reivindicacién 21, en donde la
composicidén de fluidos entra en la cdmara a través de la
entrada en una direccién que cambia basada en la razdén entre
el fluido deseado y el fluido indeseado en la composicién de
fluidos.

24. E1 sistema de la reivindicacidén 23, en donde una
direccion recta se extiende entre la entrada y la salida, vy
en donde la direccidn de la composicién de fluidos que entra
a la camara a través de la entrada es angular en relacidn con
la direccidén recta, siendo el dngulo dependiente de la razdn
entre el fluido deseado y el fluido indeseadeo en la

compoesicidén de fluidos.

25. El sistema de la reivindicacidén 21, que ademéds
comprende un pasaje del flujo que dirige la composicidn de
fluidos hacia la entrada, y donde el pasaje del flujo tiene

un cambio abrupto en la direccidn préximo a la entrada.

26. El1 sistema de la reivindicacién 25, en donde el
pasaje del flujo aguas arriba del cambio abrupto en la
direccidén se alinea radialmente demanera general en relacidn

con la cémara.

27. El sistema de la reivindicacidén 25, en donde el
pasaje del flujo aguas arriba del cambio abrupto en la
direccidn se alinea tangencialmente de manera general en

relacidén con la camara.
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28. El sistema de 1la reivindicacién 21, que ademds
comprende un pasaje del flujo que dirige la composicidn de
fluidos hacia la entrada, y donde el pasaje del flujo no se
alinea ni radialmente ni tangencialmente en relacidén con la
cAMaLa .

22. El sistema de la reivindicacidn 21, que ademds
comprende al menos una estructura gue presiona cualquier
parte de la composicidn de fluidos la cual fluye
indirectamente entre la entrada y la salida para mantener tal
flujo indirecto.

9]

0. Fl sistema de la reivindicacidén 29, en donde la
estructura comprende al menos un alabe y una cavidad.

31. El sistema de la reivindicacidén 29, en donde la
estructura se proyecta al menos hacia adentro y hacia afuera

en relacidn con una pared de la cémara.

32, FL sistema de la reivindicacidn 29, en dondes 1a
estructura tiene al menos una abertura que permite que la
composicidn de fluidos fluya directamente desde la entrada

hacia la salida.

33, El sistema de la reivindicacidén 21, en donde la
composicidén de fluidos fluye mds directamente desde la
antrads hacia la salida cuando se incrementa una viscosidad

de la composicidn de fluidos.

34, BBl sistema de la reivindicacidén 21, en donde la
composicidon de fluidos fluye mas directamente desde la
entrada hacla la salida cuando disminuye una velocidad de la

composzsicion de fluidos.

25, Tl sistema de la reivindicacidén 21, en donde la
composicidén de fluidos fluye mas directamente desde la
entrada hacia la salida cuando disminuye una densidad de la

composicidn de fluidos.

26



10

15

>
FAAN

25

3%

40

36. El sistema de la reivindicacién 21, en donde 1la
composicion  de fluidos fluye més directamente desde 1la
entrada hacia la salida cuando se incrementa una razdén entre
el flujo deseado y el flujo.

37. Un sistema de resistencia variable al flujo para su
Uso en un pozo subterrdneo, el sistema comprende:

una camara de flujo a través de la cual una composicidn
de fluidos fluye en el pozo, la cdmara teniendo una entrada,
una salida, y al menos una estructura que presiona una parte
de la composicidén de fluidos la cual fluye indirectamente

entre la entrada y la salida para mantener tal flujo
indirecto.

38, El sistema de la reivindicacidn 37, en donde 1la
estructura comprende al menos un alabe y una cavidad.

39. El sistema de la reivindicacidén 37, en donde 1la
estructura se proyecta al menos hacia adentro y hacia afuera

en relacidn con una pared de la cémara.

40. El sistema de la reivindicacidén 37, en donde la
estructura tiene al menos una abertura que permite gue la
composicidén de fluidos fluya mas directamente desde 1la

entrada hacia la salida.

41 . El sistema de la reivindicacidén 37, en donde la
conposicion de fluidos entra en la cédmara a través de la
entrada en una direccidn que cambia basada en una razdén entre
el fluido deseado vy el fluido indeseado en la composicidén de
fluidosz,

42. E1 sistema de la reivindicacidén 41, en donde una
direccidn recta se extiende entre la entrada y la salida, vy
donde la direccidn de la composicidén de fluidos gue entra a
la cdmara a través de la entrada es angular en relacidn con
la direccidn recta, siendo el dngulo dependiente de una razoén
entre el fluido deseado y el fluido indeseado en Ila

composicidén de fluidos.
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43, El sistema de la reivindicacidén 37, en donde 1la
composicidn de fluidos fluye hacia la cdmara sélo a través de
la entrada.

44. El sistema de la reivindicacién 37, gue ademas
comprende un pasaje del flujo que dirige la composicidén de
fluidos hacia la entrada, y donde el pasaje del flujo tiene

un cambio abrupto en la direccidn préximo a la entrada.

45, El sistema de la reivindicacién 44, en donde el
pasaje del flujo aguas arriba del cambio abrupto en la
direccidén se alinea radialmente de manera general en relacidn
con la cémara.

46. El1 sistema de la reivindicacidén 44, en donde el
pasaje del flujo aguas arriba del cambic abrupto en la
direccidn se alinea tangencialmente de manera general en
relacidn con la cdmara.

47. El1 sistema de la reivindicacidén 37, que ademis
comprende un pasaje del flujo qgue dirige la composicién de
fluidos hacia la entrada, y donde el pasaje del flujo no se
alinea ni radialmente ni tangencialmente en relacidén con la

camara.

48. El sistema de la reivindicacién 37, en donde la
composicidén de fluidos fluye més directamente desde 1la
entrads hacia la salida cuando se incrementa una viscosidad
de la composicidén de fluidos.

49. El sistema de la reivindicacidén 37, en donde la
composiciédn de fluidos fluye mds directamente desde la
entrada hacia la salida cuando disminuye una velccidad de la

composicidén de fluidos.

50. FEl sistema de 1la reivindicacidén 37, en donde la
composicidn de fluidos fluye méds directamente desde la
entrada hacia la salida cuando disminuye una densidad de la

composicidén de fluidos.
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5l. El sistema de la reivindicacién 37, en donde la
composicidén de fluidos fluye més directamente desde 1a
entrada hacia la salida cuando se incrementa una razdén entre
el fluido deseado y el fluido indeseado en la composicidén de
fluidoes.

52, El sistema de la reivindicacidén 37, en donde 1la
estructura presiona cada vez mds a la parte de la composicidn
de fluidos la cual fluye indirectamente entre la entrada y la
salida a fluir mads directamente hacia la salida cuando se
incrementa la razén entre el fluido deseado y el fluido
indeseado en la composicidn de fluidos.

53. El sistema de la reivindicacidén 37, en donde la
estructura presiona cada vez mds a la parte de la composicién
de fluidos la cual fluye indirectamente entre la entrada v 1la
salida a fluir mas directamente hacia 1la salida cuando
disminuye una velocidad de la composicidén de fluidos.
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referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation,
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VARIABLE FLOW RESISTANCE SYSTEM FOR USE IN A
SUBTERRANEAN WELL

Inventors: Michael L. Fripp and Jason D. Dykstra

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is related to prior application
serial no. 12/700685 filed on 4 February 2010, which is a
continuation-in-part of application serial no. 12/542695
filed on 18 August 2009. The entire disclosures cof these
prior applications are incorporated herein by this

reference for all purposes.
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BACKGROUND

This disclosure relates generally to equipment

"utilized and operations performed in conjunction with a

subterranean well and, in an example described below, more

particularly provides a variable flow resistance system.

In a hydrocarbon production well, it is many times
beneficial to be able to regulate flow of fluids from an
earth formation into a wellbore. A variety of purposes may
be served by such regulation, including prevention of water
or gas coning, minimizing sand production, minimizing water
and/or gas production, maximizing oil and/or gas

production, balancing production among zones, etc.

In an injection well, it is typically desirable to
evenly inject water, steam, gas, etc., into multiple zones,
so that hydrocarbons are displaced evenly through an earth
formation, without the injected fluid prematurely breaking
through to a production wellbore. Thus, the ability to
regulate flow of fluids from a wellbore into an earth

formation can also be beneficial for injection wells.

Therefore, it will be appreciated that advancements in
the art of variably restricting fluid flow in a well would
be desirable in the circumstances mentioned above, and such
advancements would also be beneficial in a wide variety of

other circumstances.
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SUMMARY

In the disclosure below, a variable flow resistance
system is provided which brings improvements to the art of
regulating fluid flow in wells. One example is described
below in which characteristics of a fluid composition (such
as viscosity, density, velocity, etc.) determine a
resistance to flow of the fluid composition through the
system. Another example is described below in which the
resistance to flow of the fluid composition through the
system varies based on a ratio of desired fluid to

undesired fluid in the fluid composition.

In one aspect, the disclosure provides to the art a
variable flow resistance system for use in a subterranean
well. The system can include a flow chamber through which
a fluid composition flows in the well. The chamber has an
inlet and an outlet. The fluid composition enters the
chamber via the inlet in a direction which changes based on
a ratio of desired fluid to undesired fluid in the fluid

composition.

In another aspect, a well system is provided by the
disclosure. The well system can include a variable flow
resistance system through which a fluid composition flows
between a tubular string and an earth formation surrounding
a wellbore of the well system. The variable flow
resistance system includes a flow chamber through which the
fluid composition flows. The chamber has an outlet and

only one inlet. The fluid composition flows more directly
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from the inlet to the outlet as a ratio of desired fluid to

undesired fluid in the fluid composition increases.

In yet another aspect, a variable flow resistance
system can include a flow chamber through which a fluid
composition flows in a subterranean well. The chamber has
an inlet, an outlet, and at least one structure which
influences portions of the fluid composition which flow
circuitously between the inlet and the outlet to maintain

such circuitous flow.

These and other features, advantages and benefits will
become apparent to one of ordinary skill in the art upon
careful consideration of the detailed description of
representative examples below and the accompanying
drawings, in which similar elements are indicated in the

various figures using the same reference numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partially cross-sectional view
of a well system which can embody principles of the present

disclosure.

FIG. 2 is an enlarged scale schematic cross-sectional
view of a well screen and a variable flow resistance system

which may be used in the well system of FIG. 1.

FIGS. 3A & B are schematic “unrolled” plan views of
one confiquration of the variable flow resistance system,

taken along line 3-3 of FIG. 2.
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FIGS. 4A & B are schematic plan views of

configuration of the variable flow resistance

FIGS. 5A & B are schematic plan views of

configuration of the variable flow resistance

another

system.

another

system.

FIGS. 6A & B are schematic plan view of yet another

configuration of the variable flow resistance

system.

FIGS. 7A-C are schematic plan views of additional

us

configurations of the variable flow resistance system, and

FIG. 7D is a graph of flow resistance versus viscosity for

the configuration of FIG. 7C.

FIG. 8 is a graph of relative pressure drop versus

relative flow rate for flow of water and oil through the

variable flow resistance system.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a well

system 10 which can embody principles of this

disclosure.

As depicted in FIG. 1, a wellbore 12 has a generally

vertical uncased section 14 extending downwardly from

casing 16, as well as a generally horizontal uncased

section 18 extending through an earth formation 20.

A tubular string 22 (such as a production tubing

string) is installed in the wellbore 12. Interconnected in

the tubular string 22 are multiple well screens 24,

variable flow resistance systems 25 and packers 26.
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The packers 26 seal off an annulus 28 formed radially
between the tubular string 22 and the wellbore section 18.
In this manner, fluids 30 may be produced from multiple
intervals or zones of the formation 20 via isolated
portions of the annulus 28 between adjacent pairs of the

packers 26.

Positioned between each adjacent pair of the packers
26, a well screen 24 and a variable flow resistance system
25 are interconnected in the tubular string 22. The well
screen 24 filters the fluids 30 flowing into the tubular
string 22 from the annulus 28. The variable flow
resistance system 25 variably restricts flow of the fluids
30 into the tubular string 22, based on certain

characteristics of the fluids.

At this point, it should be noted that the well system
10 is illustrated in the drawings and is described herein
as merely one example of a wide variety of well systems in
which the principles of this disclosure can be utilized.
It should be clearly understood that the principles of this
disclosure are not limited at all to any of the details of
the well system 10, or components thereof, depicted in the

drawings or described herein.

For example, it is not necessary in keeping with the
principles of this disclosure for the wellbore 12 to
include a generally vertical wellbore section 14 or a
generally horizontal wellbore section 18. It is not
necessary for fluids 30 to be only produced from the

formation 20 since, in other examples, fluids could be
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injected into a formation, fluids could be both injected

into and produced from a formation, etc.

It is not necessary for one each of the well screen 24
and variable flow resistance system 25 to be positioned
between each adjacent pair of the packers 26. It is not
necessary for a single variable flow resistance system 25
to be used in conjunction with a single well screen 24.

Any number, arrangement and/or combination of these

components may be used.

It is not necessary for any variable flow resistance
system 25 to be used with a well screen 24. For example,
in injection operations, the injected fluid could be flowed
through a variable flow resistance system 25, without also

flowing through a well screen 24.

It is not necessary for the well screens 24, variable
flow resistance systems 25, packers 26 or any other
components of the tubular string 22 to be positioned in
uncased sections 14, 18 of the wellbore 12. Any section of
the wellbore 12 may be cased or uncased, and any portion of
the tubular string 22 may be positioned in an uncased or
cased section of the wellbore, in keeping with the

principles of this disclosure.

It should be clearly understood, therefore, that this
disclosure describes how to make and use certain examples,
but the principles of the disclosure are not limited to any
details of those examples. 1Instead, those principles can
be applied to a variety of other examples using the

knowledge obtained from this disclosure.
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It will be appreciated by those skilled in the art
that it would be beneficial to be able to regulate flow of

the fluids 30 into the tubular string 22 from each zone of

' the formation 20, for example, to prevent water coning 32

or gas coning 34 in the formation. Other uses for flow
reqgulation in a well include, but are not limited to,
balancing production from (or injection into) multiple
zones, minimizing production or injection of undesired
fluids, maximizing production or injection of desired

fluids, etc.

Examples of the variable flow resistance systems 25
described more fully below can provide these benefits by
increasing resistance to flow if a fluid velocity increases
beyond a selected level (e.g., to thereby balance flow
among zones, prevent water or gas coning, etc.), increasing
resistance to flow if a fluid viscosity or density
decreases below a selected level (e.g., to thereby restrict
flow of an undesired fluid, such as water or gas, in an oil
producing well), and/or increasing resistance to flow if a
fluid viscosity or density increases above a selected level
(e.g., to thereby minimize injection of water in a steam

injection well).

As used herein, the term “viscosity” is used to
indicate any of the rheological properties including
kinematic viscosity, yield strength, viscoplasticity,

surface tension, wettability, etc.

Whether a fluid is a desired or an undesired fluid

depends on the purpose of the production or injection
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operation being conducted. For example, if it is desired
to produce o0il from a well, but not to produce water or
gas, then oil is a desired fluid and water and gas are
undesired fluids. If it is desired to produce gas from a
well, but not to produce water or oil, the gas is a desired
fluid, and water and oil are undesired fluids. If it 1is
desired to inject steam into a formation, but not to inject
water, then steam is a desired fluid and water is an

undesired fluid.

Note that, at downhole temperatures and pressures,
hydrocarbon gas can actually be completely or partially in
liquid phase. Thus, it should be understood that when the
term “gas” is used herein, supercritical, liquid and/or

gaseous phases are included within the scope of that term.

Referring additionally now to FIG. 2, an enlarged
scale cross-sectional view of one of the variable flow
resistance systems 25 and a portion of one of the well
screens 24 1s representatively illustrated. 1In this
example, a fluid composition 36 (which can include one or
more fluids, such as oil and water, liquid water and steam,
0il and gas, gas and water, oil, water and gas, etc.) flows
into the well sc¢reen 24, is thereby filtered, and then
flows into an inlet 38 of the variable flow resistance

system 25.

A fluid composition can include one or more undesired
or desired fluids. Both steam and water can be combined in
a fluid composition. As another example, oil, water and/or

gas can be combined in a fluid composition.
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Flow of the fluid composition 36 through the variable
flow resistance system 25 is resisted based on one or more
characteristics (such as density, viscosity, velocity,
etc.) of the fluid composition. The fluid composition 36
is then discharged from the variable flow resistance system
25 to an interior of the tubular string 22 via an outlet
40.

In other examples, the well screen 24 may not be used
in conjunction with the variable flow resistance system 25
(e.g., in injection operations), the fluid composition 36
could flow in an opposite direction through the various
elements of the well system 10 (e.g., in injection
operations), a single variable flow resistance system could
be used in conjunction with multiple well screens, multiple
variable flow resistance systems could be used with one or
more well screens, the fluid composition could be received
from or discharged into regions of a well other than an
annulus or a tubular string, the fluid composition could
flow through the variable flow resistance system prior to
flowing through the well screen, any other components could
be interconnected upstream or downstream of the well screen
and/or variable flow resistance system, etc. Thus, it will
be appreciated that the principles of this disclosure are
not limited at all to the details of the example depicted

in FIG. 2 and described herein.

Although the well screen 24 depicted in FIG. 2 is of
the type known to those skilled in the art as a wire-

wrapped well screen, any other types or combinations of

- 10 -
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well screens (such as sintered, expanded, pre-packed, wire
mesh, etc.) may be used in other examples. Additional
components (such as shrouds, shunt tubes, lines,
instrumentation, sensors, inflow control devices, etc.) may

also be used, if desired.

The variable flow resistance system 25 is depicted in
simplified form in FIG. 2, but in a preferred example the
system can include various passages and devices for
performing various functions, as described more fully
below. 1In addition, the system 25 preferably at least
partially extends circumferentially about the tubular
string 22, or the system may be formed in a wall of a
tubular structure interconnected as part of the tubular

string.

In other examples, the system 25 may not extend
circumferentially about a tubular string or be formed in a
wall of a tubular structure. For example, the system 25
could be formed in a flat structure, etc. The system 25
could be in a separate housing that is attached to the
tubular string 22, or it could be oriented so that the axis
of the outlet 40 is parallel to the axis of the tubular
string. The system 25 could be on a logging string or
attached to a device that is not tubular in shape. Any
orientation or configuration of the system 25 may be used

in keeping with the principles of this disclosure.

Referring additionally now to FIGS. 3A & B, a more
detailed cross-sectional view of one example of the system

25 is representatively illustrated. The system 25 is

- 11 -
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depicted in FIGS. 3A & B as if it is “unrolled” from its
circumferentially extending configuration to a generally

planar configuration.

As described above, the fluid composition 36 enters
the system 25 via the inlet 38, and exits the system via
the outlet 40. A resistance to flow of the fluid
composition 36 through the system 25 varies based on one or

more characteristics of the fluid composition.

In FIG. 3A, a relatively high velocity, low viscosity
and/or high density fluid composition 36 flows through a
flow passage 42 from the system inlet 38 to an inlet 44 of
a flow chamber 46. The flow passage 42 has an abrupt
change in direction 48 just upstream of the inlet 44. The
abrupt change in direction 48 is illustrated as a
relatively small radius ninety degree curve in the flow
passage 42, but other types of direction changes may be

used, if desired.

As depicted in FIG. 32, the chamber 46 is generally
cylindrical-shaped and, prior to the abrupt change in
direction 48, the flow passage 42 directs the fluid
composition 36 to flow generally tangentially relative to
the chamber. Because of the relatively high velocity, low
viscosity and/or high density of the fluid composition 36,
it does not closely follow the abrupt change in direction
48, but instead continues into the chamber 46 via the inlet
44 in a direction which is substantially angled (see angle
A in FIG. 3A) relative to a straight direction 50 from the
inlet 44 to the outlet 40. The fluid composition 36 will,

- 12 -
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thus, flow circuitously from the inlet 44 to the outlet 40,

eventually spiraling inward to the outlet.

In contrast, a relatively low velocity, high viscosity
and/or low density fluid composition 36 flows through the
flow passage 42 to the chamber inlet 44 in FIG. 3B. Note
that the fluid composition 36 in this example more closely
follows the abrupt change in direction 48 of the flow
passage 42 and, therefore, flows through the inlet 44 into
the chamber 46 in a direction which is only slightly angled
(see angle a in FIG. 3B) relative to the straight direction
50 from the inlet 44 to the outlet 40. The fluid
composition 36 in this example will, thus, flow much more
directly from the inlet 44 to the outlet 40.

Note that, as depicted in FIG. 3B, the fluid
composition 36 also exits the chamber 46 via the outlet 40
in a direction which is only slightly angled relative to
the straight direction 50 from the inlet 44 to the outlet
40. Thus, the fluid composition 36 exits the chamber 46 in
a direction which changes based on velocity, viscosity,
density and/or the ratio of desired fluid to undesired

fluid in the fluid composition.

It will be appreciated that the much more circuitous
flow path taken by the fluid composition 36 in the example
of FIG. 3A consumes more of the fluid composition’'s energy
at the same flow rate and, thus, results in more resistance
to flow, as compared to the much more direct flow path
taken by the fluid composition in the example of FIG. 3B.

If 0il is a desired fluid, and water and/or gas are

- 13 -
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undesired fluids, then it will be appreciated that the
variable flow resistance system 25 of FIGS. 3A & B will

provide less resistance to flow of the fluid composition 36

- when it has an increased ratio of desired to undesired

fluid therein, and will provide greater resistance to flow
when the fluid composition has a decreased ratio of desired

to undesired fluid therein.

Since the chamber 46 has a generally cylindrical shape
as depicted in the examples of FIGS. 3A & B, the straight
direction 50 from the inlet 44 to the outlet 40 is in a
radial direction. The flow passage 42 upstream of the
abrupt change in direction 48 is directed generally
tangential relative to the chamber 46 (i.e., perpendicular
to a line extending radially from the center of the
chamber). However, the chamber 46 is not necessarily
cylindrical-shaped and the straight direction 50 from the
inlet 44 to the outlet 40 is not necessarily in a radial
direction, in keeping with the principles of this

disclosure.

Since the chamber 46 in this example has a cylindrical
shape with a central outlet 40, and the fluid composition
36 (at least in FIG. 3A) spirals about the chamber,
increasing in velocity as it nears the outlet, driven by a
pressure differential from the inlet 44 to the outlet, the

chamber may be referred to as a “vortex” chamber.

Referring additionally now toc FIGS. 4A & B, another
configuration of the variable flow resistance system 25 is

representatively illustrated. The configuration of FIGS.

- 14 -
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4A & B is similar in many respects to the configuration of
FIGS. 3A & B, but differs at least in that the flow passage
42 extends much more in a radial direction relative to the
chamber 46 upstream of the abrupt change in direction 48,
and the abrupt change in direction influences the fluid
composition 36 to flow away from the straight direction 50
from the inlet 44 to the outlet 40.

In FIG. 4A, a relatively high viscosity, low velocity
and/or low density fluid composition 36 is influenced by
the abrupt change in direction 48 to flow into the chamber
46 in a direction away from the straight direction 50
(e.g., at a relatively large angle A to the straight
direction). Thus, the fluid composition 36 will flow
circuitously about the chamber 46 prior to exiting via the
outlet 40.

Note that this is the opposite of the situation
described above for FIG. 3B, in which the relatively high
viscosity, low velocity and/or low density fluid
composition 36 enters the chamber 46 via the inlet 44 in a
direction which is only slightly angled relative to the
straight direction 50 from the inlet to the outlet 40.
However, a similarity of the FIGS. 3B & 4A configurations
is that the fluid composition 36 tends to change direction
with the abrupt change in direction 48 in the flow passage
42.

In contrast, a relatively high velocity, low viscosity
and/or high density fluid composition 36 flows through the
flow passage 42 to the chamber inlet 44 in FIG. 4B. Note

- 15 -
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that the fluid composition 36 in this example does not
closely follow the abrupt change in direction 48 of the
flow passage 42 and, therefore, flows through the inlet 44
into the chamber 46 in a direction which is angled only
slightly relative to the straight direction 50 from the
inlet 44 to the outlet 40. The fluid composition 36 in
this example will, thus, flow much more directly from the
inlet 44 to the outlet 40.

It will be appreciated that the much more circuitous
flow path taken by the fluid composition 36 in the example
of FIG. 4A consumes more of the fluid composition’s energy
at the same flow rate and, thus, results in more resistance
to flow, as compared to the much more direct flow path
taken by the fluid composition in the example of FIG. 4B.
If gas or steam is a desired fluid, and water and/or oil
are undesired fluids, then it will be appreciated that the
variable flow resistance system 25 of FIGS. 4A & B will
provide less resistance to flow of the fluid composition 36
when it has an increased ratio of desired to undesired
fluid therein, and will provide greater resistance to flow
when the fluid composition has a decreased ratio of desired

to undesired fluid therein.

Referring additionally now to FIGS. 5A & B, another
configuration of the variable flow resistance system 25 is
representatively illustrated. The variable flow resistance
system 25 of FIGS. 5A & B is similar in many respects to
that of FIGS. 3A & B, but differs at least in that the flow

passage 42 is neither radially nor tangentially aligned

- 16 -
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relative to the chamber 46, and there is not an abrupt
change in direction of the flow passage just upstream of
the chamber inlet 44 (although in other examples an abrupt
change in direction could be used with a flow passage that
is not radially or tangentially aligned with a flow
chamber) .

In FIG. 5A, a relatively high velocity, low viscosity
and/or high density fluid composition 36 enters the chamber
46 via the inlet 44 at a relatively large angle A relative
to a straight direction 50 from the inlet to the outlet 40.
The fluid composition 36, thus, flows circuitously through
the chamber 46, eventually spiraling inward to the outlet
40.

The flow passage 42 has an increased flow volume 52
just upstream of the chamber inlet 44, but the fluid
composition 36 in the example of FIG. 5A for the most part
does not change direction in the increased flow volume
prior to flowing into the chamber 46. In the example of
FIG. 5B, however, the fluid composition 36 has a lower
velocity, increased viscosity and/or decreased density, and
the fluid composition does take advantage of the increased
flow volume 52 to change direction prior to flowing into

the chamber 46 via the inlet 44.

It will be appreciated that the much more circuitous
flow path taken by the fluid composition 36 in the example
of FIG. 5A consumes more of the fluid composition’s energy
at the same flow rate and, thus, results in more resistance

to flow, as compared to the much more direct flow path

- 17 -
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taken by the fluid composition in the example of FIG. 5B.
If oil is a desired fluid, and water and/or gas are
undesired fluids, then it will be appreciated that the
variable flow resistance system 25 of FIGS. 5A & B will
provide less resistance to flow of the fluid composition 36
when it has an increased ratio of desired to undesired
fluid therein, and will provide greater resistance to flow
when the fluid composition has a decreased ratio of desired

to undesired fluid therein.

The angle of the flow passage 42 relative to the
chamber 46 (e.g., with respect to a radius of the chamber)
can be varied to thereby produce a corresponding varied
resistance to flow of fluids with certain velocities,
viscosities, densities, ete. In addition, characteristics
(such as dimensions, position, etc.) of the increased flow
volume 52 can be varied as desired to change the resistance

provided by the system 25 to flow of particular fluids.

Referring additionally now to FIGS. 6A & B, another
configuration of the variable flow resistance system 25 is
representatively illustrated. The variable flow resistance
system 25 of FIGS. 6A & B is similar in many respects to
that of FIGS. 3A & B, but differs at least in that the
configuration of FIGS. 6A & B includes a structure 54 in
the chamber 46, and there is not an abrupt change in
direction of the flow passage 42 just upstream of the
chamber inlet 44 (although in other examples an abrupt
change in direction could be used in a system which also

includes a structure in a flow chamber).

- 18 -
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In FIG. 6A, a relatively high velocity, low viscosity
and/or high density fluid composition 36 enters the chamber
46 via the inlet 44 and is influenced by the structure 54
to continue to flow about the chamber. The fluid
composition 36, thus, flows circuitously through the
chamber 46, eventually spiraling inward to the outlet 40 as

it gradually bypasses the structure 54 via openings 56.

In FIG. 6B, however, the fluid composition 36 has a
lower velocity, increased viscosity and/or decreased
density. The fluid composition 36 in this example is able
to change direction more readily as it flows into the
chamber 46 via the inlet 44, allowing it to flow relatively

directly from the inlet to the outlet 40 via an opening 56.

Although the fluid composition 36 is depicted in FIG.
6B as flowing directly from the inlet 44 to the ocutlet 40
via an opening 56 therebetween, it should be understood
that it is not necessary for the fluid composition to flow
directly from the inlet to the outlet when the resistance
to flow is reduced in the system 25, and it is no necessary
for one of the openings 56 to be positioned directly
between the inlet and the outlet. There can be some
rotation of the fluid composition 36 about the outlet 40
when the resistance to flow is reduced in the system 25,
but this rotation of the fluid composition will be less
than it would be if the fluid composition had an increased

velocity, decreased viscosity and/or increased density.

It will be appreciated that the much more circuitous

flow path taken by the fluid composition 36 in the example

- 19 -
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of FIG. 6A consumes more of the fluid composition’s energy
at the same flow rate and, thus, results in more resistance

to flow, as compared to the much more direct flow path

' taken by the fluid composition in the example of FIG. 6B.

If oil is a desired fluid, and water and/or gas are
undesired fluids, then it will be appreciated that the
variable flow resistance system 25 of FIGS. 6A & B will
provide less resistance to flow of the fluid composition 36
when it has an increased ratio of desired to undesired
fluid therein, and will provide greater resistance to flow
when the fluid composition has a decreased ratio of desired

to undesired fluid therein.

The structure 54 may be in the form of one or more
circumferentially extending vanes having one or more of the
openings 56 between the vane(s). Alternatively, or in
addition, the structure 54 could be in the form of one or
more circumferentially extending recesses in walls of the
chamber 46. The structure 54 could project inwardly and/or
outwardly relative to walls of the chamber 46. The
structures 54 could be radially or diagonally arranged,
cupped, etc. Thus, it will be appreciated that any type of
structure which functions to influence the fluid
composition 36 to continue to flow circuitously about the
chamber 46 may be used in keeping with the principles of

this disclosure.

In other examples, the structures 54 could be arranged
so that they divert a spiraling (or otherwise circuitous)

flow of the fluid composition 36 to a more direct flow

- 20 -
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toward the outlet 40. For example, radially oriented
and/or cupped structures could accomplish this result.
Relatively low density, high viscosity and low velocity
flows would more readily change direction when encountering

such structures.

0Of course, the structures 54 depicted in FIGS. 6A & B
can also accomplish this result (diverting decreased
density, increased viscosity and decreased velocity flows),
due to the fact that their presence somewhat obstructs
circuitous flow about the outlet 40, and a change in
direction is required for any portion of the fluid
composition 36 which flows circuitously about the outlet to
be diverted toward the outlet. 1In particular, the openings
56 present opportunities for the fluid composition 36 to
change direction and flow more directly toward the outlet
40, and these opportunities will be more readily taken
advantage of by decreased density, increased viscosity and
decreased velocity fluids. 1If a desired fluid (such as
0il, etc.) has a relatively high viscosity and/or a
relatively low density (e.g., as compared to water), then
any portion of the fluid composition 36 which flows
circuitously about the outlet 40 will be increasingly
diverted toward the outlet by the structures 54 as a ratio
of desired to undesired fluid in the fluid composition

increases.

Although in the examples depicted in FIGS. 3A-6B, only
a single inlet 44 is used for admitting the fluid

composition 36 into the chamber 46, in other examples
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multiple inlets could be provided, if desired. The fluid
composition 36 could flow into the chamber 46 via multiple
inlets 44 simultaneocusly or separately. For example,
different inlets 44 could be used for when the fluid
composition 36 has corresponding different characteristics
(such as different velocities, viscosities, densities,

etc.).

Referring additicnally now to FIGS. 7A-C, various
arrangements of multiple flow chambers 46 in different
configurations of the variable flow resistance system 25
are representatively illustrated. These configurations
demonstrate that certain advantages can be achieved by
combining multiple flow chambers 46 in a variable flow

resistance system 25.

In FIG. 7A, multiple flow chambers 46 of the type
depicted in FIGS. 3A & B are connected in series. The
fluid composition 36 flows from the inlet 38 to the first
chamber 46a, then from an outlet of the first chamber to an
inlet of a second chamber 46b, and then to the outlet 40 of

the variable flow resistance system 25.

By combining multiple chambers 46 of the same type in
series, the flow resistance effect of the flow resistance
system 25 is increased accordingly. Although only two
chambers 46a,b are depicted in FIG. 7A, any number and any
type (such as the other types of chambers depicted in FIGS.
4A-6B) of chambers can be connected in series in keeping

with the principles of this disclosure.
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In FIG. 7B, different types of chambers 46 are
connected in series. In this example, the first chamber
46a is of the type depicted in FIGS. 3A & B, and the second
chamber 46b is of the type depicted in FIGS. 4A & B.

By combining multiple chambers 46 of different types
in series, the flow resistance effects of the different
chambers can be combined to achieve unique relationships
between characteristics (such as velocity, viscosity,
density, etc.) of the fluid composition 36 flowing through
the system 25 and the flow resistance provided by the
system. An example of this is depicted in FIG. 7D, and is

described more fully below.

Although only two chambers 46a,b are depicted in FIG.
7B, any number, any type (such as the other types of
chambers depicted in FIGS. 5A-6B) and any combination of
chambers can be connected in series in keeping with the

principles of this disclosure.

In FIG. 7C, different types of chambers 46 are
connected in parallel. In this example, one chamber 46a is
of the type depicted in FIGS. 3A & B, and the other chamber
46b is of the type depicted in FIGS. 4A & B. The fluid
composition 36 does not flow from one chamber 46a to the
other 46b, but instead flows through both chambers in
parallel.

Similar somewhat to the example of FIG. 7B, combining
multiple chambers 46 of different types in parallel can be
used to achieve unique relationships between

characteristics (such as velocity, viscosity, density,
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etc.) of the fluid composition 36 flowing through the

system 25 and the flow resistance provided by the system.

Although only two chambers 46a,b are depicted in FIG.
7C, any number, any type {(such as the other types of
chambers depicted in FIGS. 5A-6B) and any combination of
chambers can be connected in parallel in keeping with the
principles of this disclosure. Furthermore, it is not
necessary for chambers 46 to be combined only in series or
in parallel, since flow chambers could be combined both in
series and in parallel in a single variable flow resistance
system 25, without departing from the principles of this

disclosure.

Referring additionally now to FIG. 7D, a graph of flow
resistance versus viscosity is representatively illustrated
for the fluid composition 36 flowing through the variable
flow resistance system 25. Viscosity of the fluid
composition 36 is used as a fluid characteristic in FIG. 7D
to demonstrate how the flow resistance of the system 25 can
uniquely vary with changes in the fluid characteristic, but
it should be clearly understood that the flow resistance of
the system can also vary uniquely with respect to other
characteristics (such as velocity, density, etec.) of the

fluid composition.

In the example of FIG. 7D, multiple chambers 46 are
combined in the variable flow resistance system 25 to
produce a flow resistance which is relatively high when the
fluid composition 36 contains a relatively high proportion

of water therein, but the flow resistance is relatively low
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when the fluid composition contains a relatively high
proportion of gas or oil therein. It will be appreciated
that this would be highly beneficial in a hydrocarbon
production well, in circumstances in which production of
oil and gas is desired, but production of water is not

desired.

Referring additionally now to FIG. 8, an example graph
of relative flow rate versus relative pressure drop is
provided for different fluids flowed through an example of
the variable flow resistance system 25 of the type depicted
in FIGS. 6A & B. In this example, a pressure differential
across the system 25 is allowed to vary with varied flow

rate of the fluid through the system.

The flow rate through the system 25, therefore,
provides a convenient indicator of the resistance to flow
through the system. However, in actual practice, when the
variable flow resistance system 25 is installed in a well,
the pressure differential across the system may not vary

significantly over time.

As depicted in FIG. 8, at a certain relative pressure
drop, oil will have a substantially greater flow rate
through the system 25, as compared to the flow rate of
water through the system. From another perspective, at a
certain relative flow rate, significantly more pressure
drop across the system 25 is required, as compared to the
pressure drop at the same flow rate of oil. Thus, less

resistance is provided to flow of a desired fluid (oil in
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this case), and greater resistance is provided to flow of

an undesired fluid (water in this case).

Although various configurations of the variable flow

‘resistance system 25 have been described above, with each

configuration having certain features which are different
from the other configurations, it should be clearly
understood that those features are not mutually exclusive.
Instead, any of the features of any of the configurations
of the system 25 described above may be used with any of
the other configurations. For example, the structure 54 of
the system 25 confiquration depicted in FIGS. 6A & B could
be used in any of the system configurations of FIGS. 3A-5B,
and 7A-C.

It may now be fully appreciated that the above
disclosure provides a number of advancements to the art of
regulating fluid flow in a well. The variable flow
resistance system 25 provides more resistance to flow of
the fluid composition 36 when it contains more of an
undesired fluid, and the system provides less resistance to
flow of the fluid composition when it contains more of a
desired fluid. The advantages are obtained, even though
the system 25 is relatively straightforward in design,
easily and economically constructed, and robust in

operation.

In particular, the above disclosure provides to the
art a variable flow resistance system 25 for use in a
subterranean well. The system 25 can include a flow

chamber 46 through which a fluid composition 36 flows in
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the well. The chamber 46 has an inlet 44 and an outlet 40.
The fluid composition 36 enters the chamber 46 via the
inlet 44 in a direction which changes based on a ratio of
desired fluid to undesired fluid in the fluid composition
36.

In examples described above, the fluid composition 36
may flow into the chamber 46 only via the inlet 44. 1In
other examples, there may be multiple inlets 44 to the
chamber 46.

The system 25 can alsoc include a flow passage 42 which
directs the fluid composition 36 to the inlet 44. The flow
passage 42 may have an abrupt change in direction 48

proximate the inlet 44.

The flow passage 42 upstream of the abrupt change in
direction 48 may be aligned generally radially relative to
the chamber 46, or may be aligned generally tangentially
relative to the chamber 46. In other examples, the flow
passage 42 may be aligned neither radially nor tangentially
relative to the c¢hamber 46.

The system 25 can include at least one structure 54
which influences any portion of the fluid composition 36
which flows circuitously between the inlet 44 and the
outlet 40 to maintain such circuitous flow. The structure
54 may comprise at least one of a vane and a recess. The
structure 54 may project inwardly or outwardly relative to
a wall of the chamber 46. The structure 54 may have at
least one opening 56 which permits the fluid composition 36
to flow directly from the inlet 44 to the outlet 40.
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The system 25 can include at least one structure 54
which influences a portion of the fluid composition 36
which flows circuitously between the inlet 44 and the
outlet 40 to flow more directly toward the outlet 40. The
portion of the fluid composition 36 may be increasingly
influenced by the structure 54 to flow more directly toward
the outlet 40 as a viscosity of the fluid composition 36
increases, as a density of the fluid composition 36
decreases, as the ration of desired to undesired fluid in
the fluid composition 36 increases and/or as a velocity of

the fluid composition 36 decreases.

The fluid composition 36 may flow more directly from
the inlet 44 to the outlet 40 as a viscosity of the fluid
composition 36 increases, as a velocity of the fluid
composition decreases, and/or as a density of the fluid
composition increases. The fluid composition 36 preferably
flows more directly from the inlet 44 to the outlet 40 as

the ratio of desired fluid to undesired fluid increases.

A straight direction 50 may extend between the inlet
44 and the outlet 40. The direction the fluid composition
36 enters the chamber 46 via the inlet 44 may be angled
relative to the straight direction 50, with the angle (such
as angles A and a) being dependent on a characteristic of

the fluid composition 36.

The above disclosure also describes a well system 10
which can include a variable flow resistance system 25
through which a fluid composition 36 flows between a

tubular string 22 and an earth formation 20 surrounding a
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wellbore 12 of the well system 10. The variable flow
resistance system 25 may include a flow chamber 46 through
which the fluid composition 36 flows, with the chamber 46
having an outlet 40 and only one inlet 44. The fluid
composition 36 may flow more directly from the inlet 44 to
the outlet 40 as a ratio of desired fluid to undesired

fluid in the fluid composition 36 increases.

The fluid composition 36 may enter the chamber 46 via
the inlet 44 in a direction which changes based on the
ratio of desired fluid to undesired fluid in the fluid
composition 36. Preferably, a straight direction 50
extends between the inlet 44 and the outlet 40, and the
direction the fluid composition 36 enters the chamber 46
via the inlet 44 is angled relative to the straight
direction 50, with the angle being dependent on the ratio
of desired fluid to undesired fluid in the fluid

composition 36.

Also described by the above disclosure is a variable
flow resistance system 25 which can include a flow chamber
46 through which a fluid composition 36 flows in the well.
The chamber 46 has an inlet 44, an outlet 40, and at least
one structure 54 which influences portions of the fluid
composition 36 which flow circuitously between the inlet 44

and the outlet 40 to maintain such circuitous flow.

The structure 54 can increasingly influence the
portion of the fluid composition 36 which flows
circuitously between the inlet 44 and the outlet 40 to flow

more directly toward the outlet 40 as a ratio of desired
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fluid to undesired fluid in the f£luid composition 36
increases, as a viscosity of the fluid composition
increases, as a density of the fluid composition decreases

and/or as a velocity of the fluid composition decreases.

It is to be understood that the various examples
described above 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 disclosure. The embodiments
illustrated in the drawings are depicted and described
merely as examples of useful applications of the principles
of the disclosure, which are not limited to any specific

details of these embodiments.

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments, readily appreciate that many
modifications, additions, substitutions, deletions, and
other changes may be made to these specific embodiments,
and such changes are within the scope of the principles of
the present disclosure. Accordingly, the foregoing
detailed description is to be clearly understood as being
given by way of illustration and example only, the spirit
and scope of the present invention being limited solely by

the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A variable flow resistance system for use in a

subterranean well, the system comprising:

a flow chamber through which a fluid composition
flows, the chamber having an inlet and an outlet, and
wherein the fluid composition enters the chamber via the
inlet in a direction which changes based on a ratio of

desired fluid to undesired fluid in the fluid composition.

2. The system of claim 1, wherein the fluid

composition flows into the chamber only via the inlet.

3. The system of claim 1, further comprising a flow
passage which directs the fluid composition to the inlet,
and wherein the flow passage has an abrupt change in

direction proximate the inlet.

4, The system of claim 3, wherein the flow passage
upstream of the abrupt change in direction is aligned

generally radially relative to the chamber.

5. The system of claim 3, wherein the flow passage
upstream of the abrupt change in direction is aligned

generally tangentially relative to the chamber.
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6. The system of claim 1, further comprising a flow

passage which directs the fluid composition to the inlet,

" and wherein the flow passage is aligned neither radially

nor tangentially relative to the chamber.

7. The system of claim 1, further comprising at
least one structure which influences a portion of the fluid
composition which flows circuitously between the inlet and

the outlet to maintain such circuitous flow.

8. The system of claim 7, wherein the structure

comprises at least one of a vane and a recess.

9. The system of claim 7, wherein the structure
projects at least one of inwardly and outwardly relative to
a wall of the chamber.

10. The system of claim 7, wherein the structure has
at least one opening which permits the fluid composition to

flow directly from the inlet to the outlet.

11. The system of claim 1, further comprising at

least one structure which influences a portion of the fluid

- 32 -

Coapy provided by USPTO from the IFW Image Database on 05/02/2011



10

15

20

Attorney Docket No.: 2010-IP-032792 Ul US

composition which flows circuitously between the inlet and

the outlet to flow more directly toward the outlet.

12. The system of c¢laim 11, wherein the portion of
the fluid composition is increasingly influenced by the
structure to flow more directly toward the outlet as a

viscosity of the fluid composition increases.

13. The system of claim 11, wherein the portion of
the fluid composition is increasingly influenced by the
structure to flow more directly toward the outlet as a

velocity of the fluid composition decreases.

14. The system of claim 11, wherein the portion of
the fluid composition is increasingly influenced by the
structure to flow more directly toward the outlet as the
ratio of desired fluid to undesired fluid in the fluid

composition increases.

15. The system of claim 11, wherein the portion of
the fluid composition is increasingly influenced by the
structure to flow more directly toward the outlet as a

density of the fluid composition decreases.
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16. The system of claim 1, wherein the fluid
composition flows more directly from the inlet to the

outlet as a viscosity of the fluid composition increases.

17. The system of claim 1, wherein the fluid
composition flows more directly from the inlet to the

outlet as a velocity of the fluid composition decreases.

18. The system of c¢laim 1, wherein the fluid
composition flows more directly from the inlet to the

outlet as a density of the fluid composition decreases.

19. The system of claim 1, wherein the fluid
composition flows more directly from the inlet to the
outlet as the ratio of desired fluid to undesired fluid

increases.

20. The system of claim 1, wherein a straight
direction extends between the inlet and the outlet, and
wherein the direction the fluid composition enters the
chamber via the inlet is angled relative to the straight
direction, with the angle being dependent on a

characteristic of the fluid composition.
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21. A well system, comprising:

a variable flow resistance system through which a
fluid composition flows between a tubular string and an
earth formation surrounding a wellbore of the well system,
the variable flow resistance system including a flow
chamber through which the fluid composition flows, the
chamber having an outlet and at least one inlet, and
wherein the fluid composition flows more directly from the
inlet to the outlet as a ratio of desired fluid to

undesired fluid in the fluid composition increases.

22. The system of claim 21, wherein the fluid
composition moves within the chamber toward the outlet in a
direction which changes based on the ratio of desired fluid

to undesired fluid in the fluid composition.

23. The system of claim 21, wherein the fluid
composition enters the chamber via the inlet in a direction
which changes based on the ratio of desired fluid to

undesired fluid in the fluid composition.

24. The system of claim 23, wherein a straight
direction extends between the inlet and the outlet, and
wherein the direction the fluid composition enters the

chamber via the inlet is angled relative to the straight
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direction, with the angle being dependent on the ratio of

desired fluid to undesired fluid in the fluid composition.

25. The system of claim 21, further comprising a flow
passage which directs the fluid composition to the inlet,
and wherein the flow passage has an abrupt change in

direction proximate the inlet.

26. The system of claim 25, wherein the flow passage
upstream of the abrupt change in direction is aligned

generally radially relative to the chamber.

27. The system of claim 25, wherein the flow passage
upstream of the abrupt change in direction is aligned

generally tangentially relative to the chamber.

28. The system of claim 21, further comprising a flow
passage which directs the fluid composition to the inlet,
and wherein the flow passage is aligned neither radially

nor tangentially relative to the chamber.

29. The system of claim 21, further comprising at
least one structure which influences any portion of the
fluid composition which flows circuitously between the

inlet and the outlet to maintain such circuitous flow.
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30. The system of claim 29, wherein the structure

comprises at least one of a vane and a recess.

31. The system of claim 29, wherein the structure
projects at least one of inwardly and outwardly relative to
a wall of the chamber.

32. The system of claim 29, wherein the structure has
at least one opening which permits the fluid composition to

£low directly from the inlet to the outlet.

33. The system of claim 21, wherein the fluid
composition flows more directly from the inlet to the

outlet as a viscosity of the fluid composition increases.

34. The system of claim 21, wherein the fluid
composition flows more directly from the inlet to the

outlet as a velocity of the fluid composition decreases.

35. The system of claim 21, wherein the fluid
composition flows more directly from the inlet to the

outlet as a density of the fluid composition decreases.
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36. The system of c¢laim 21, wherein the fluid
composition flows more directly from the inlet to the
outlet as the ratio of desired fluid to undesired fluid

" increases.
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37. A variable flow resistance system for use in a

subterranean well, the system comprising:

a flow chamber through which a fluid composition flows

5 1in the well, the chamber having an inlet, an outlet, and at

least one structure which influences a portion of the fluid
composition which flows circuitously between the inlet and

the outlet to maintain such circuitous flow.

10 38. The system of claim 37, wherein the structure

comprises at least one of a vane and a recess.

39. The system of claim 37, wherein the structure
projects at least one of inwardly and outwardly relative to
15 a wall of the chamber.

40. The system of claim 37, wherein the structure has
at least one opening which permits the fluid composition to

flow more directly from the inlet to the outlet.

20
4]1. The system of claim 37, wherein the fluid
composition enters the chamber via the inlet in a direction
which changes based on a ratio of desired fluid to
undesired fluid in the fluid composition.
25
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42. The system of claim 41, wherein a straight
direction extends between the inlet and the outlet, and
wherein the direction the fluid composition enters the
chamber via the inlet is angled relative to the straight
direction, with the angle being dependent on the ratio of

desired fluid to undesired fluid in the fluid composition.

43. The system of claim 37, wherein the fluid

composition flows into the chamber only via the inlet.

44. The system of c¢laim 37, further comprising a flow
passage which directs the fluid composition to the inlet,
and wherein the flow passage has an abrupt change in

direction proximate the inlet.

45. The system of claim 44, wherein the flow passage
upstream of the abrupt change in direction is aligned

generally radially relative to the chamber.

46. The system of claim 44, wherein the flow passage
upstream of the abrupt change in direction is aligned

generally tangentially relative to the chamber.

47. The system of claim 37, further comprising a flow

passage which directs the fluid composition to the inlet,
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and wherein the flow passage is aligned neither radially

nor tangentially relative to the chamber.

48. The system of claim 37, wherein the fluid
composition flows more directly from the inlet to the

outlet as a viscosity of the fluid composition increases.

49. The system of claim 37, wherein the fluid
composition flows more directly from the inlet to the

outlet as a velocity of the fluid composition decreases.

50. The system of claim 37, wherein the fluid
composition flows more directly from the inlet to the

outlet as a density of the fluid composition decreases.

51. The system of claim 37, wherein the fluid
composition flows more directly from the inlet to the
outlet as a ratio of desired fluid to undesired fluid in

the fluid composition increases.

52. The system of claim 37, wherein the structure
increasingly influences the portion of the fluid
composition which flows circuitously between the inlet and
the outlet to flow more directly toward the outlet as a
ratio of desired fluid to undesired fluid in the fluid

composition increases.
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53. The system of claim 37, wherein the structure
increasingly influences the portion of the fluid
composition which flows circuitously between the inlet and
the outlet to flow more directly toward the outlet as a

velocity of the fluid composition decreases.
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ABSTRACT OF THE DISCLOSURE

A variable flow resistance system can include a flow
chamber through which a fluid composition flows in a well,
the chamber having an inlet and an outlet. The fluid
composition enters via the inlet in a direction which
changes based on a ratio of desired to undesired fluid in
the fluid composition. A well system can include a
variable flow resistance system through which a fluid
composition flows between a tubular string and a formation,
the flow resistance system including a flow chamber through
which the fluid composition flows, with only one chamber
inlet. The fluid composition flows more directly from the
inlet to an outlet as a ratio of desired to undesired fluid
in the fluid composition increases. Another flow
resistance system can include at least one structure which
influences portions of the fluid composition which flow
¢ircuitously between the inlet and the outlet to maintain

such circuitous flow.
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Freedom of Information Act (5 U.5.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed o the Departmant of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counseal in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agancy having need for the informaticn in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to

the Atomic Energy Act (42 U.5.C. 218({c)).
A record from this system of records may be disclosed, as a routine use, to the Administrator,

General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.8.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which

became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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