VARI ABLE FLOW RESI STANCE SYSTEM W TH ClI RCULATI ON | NDUCI NG STRUCTURE
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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
di scl osures of these 10 prior applications are incorporated herein by
this reference for all purposes. This disclosure rel ates
generally to equipnent utilized and operations performed in
conjunction with a subterranean well and, in an exanple descri bed

bel ow, nore particularly 15 provides for variably resisting flowin a
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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 of these
10 prior applications are incorpcorated herein by this reference

for all purposes.

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in an example described below, more particularly

15 provides for wvariably resisting flow in a subterranean well.

In a hydrocarbon production well, it is wmany 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

20 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., 1into multiple zonesg,
25 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.



25 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
froma wellbore into an earth formation can al so be beneficial for
injection wells. Therefore, it will be appreciated that
advancenents in the art of variably restricting fluid flowin a well
woul d be desirable in the circunstances nentioned above, and such
advancenments woul d al so be beneficial in a wide variety of 5 other

ci rcunst ances. According to the present invention there is
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regulating fluid flow in a well. One example is described
below in which flow of a fluid composition resisted more if
the fluid composition has a threshold level of an

15 undesirable characteristic. Another example is described
below in which a resistance to flow through the system
increases as a ratio of desired fluid to undesired £luid in

the fluid composition decreases.

In one aspect, this disclosure provides to the art a
20 variable flow resistance system for use in a subterranean
well. The system can include a flow chamber through which a
fluid composition flows. The chamber has at least one
inlet, an outlet, and at least one structure which impedes a
change from circular flow of the fluid composition about the
25 outlet to radial flow toward the outlet,

In another aspect, a variable flow resistance system
for use in a subterranean well can include a flow chamber
through which a fluid composition flows. The chamber has at
least one inlet, an outlet, and at least one structure which

30 impedes circulaxr flow of the fluid composition about the
outlet.



I n anot her aspect, a variable flow resistance systemfor use in a
subterranean well can include a flow chanber through which a fluid
conposition flows. The chanber has at |east one inlet, an outlet, and
at | east one structure which 30 inpedes circular flow of the fluid
conposition about the outlet. In yet anot her aspect, a

vari able flow resi stance systemfor use in a subterranean well is
provi ded. The system can include a flow chanber through which a fluid
conposition flows in the well, the chanber having at |east 5 one
inlet, an outlet, and at |east one structure which i npedes a change
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and benefits w Il
undesired fluid in the fluid composition.

15 In yet another aspect, this disclosure provides a
variable flow resistance system which can include a flow
path selection device that selects which of multiple flow
paths a majority of fluid flows through from the device,
based on a ratio of desired fluid to undesired fluid in a

20 fluid composition. The system also includes a flow chamber
having an outlet, a first inlet connected to a first one of
the flow paths, a second inlet connected to a second one of
the flow paths, and at least one structure which impedes
radial flow of the fluid composition from the second inlet

25 to the outlet more than it impedes radial flow of the fluid

composition from the first inlet to the outlet.

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

30 representative examples below and the accompanying drawings,



beconme apparent to one of ordinary skill in the art upon careful
consideration of the detailed description of 30 representative
exanpl es bel ow and the acconpanying drawi ngs, in which simlar

el enents are indicated in the various figures using the sane

ref erence nunbers. FIG 1 is a schematic partially
cross-sectional viewof 5 a well systemwhich can enbody principles
of the present disclosure. FIG 2 is an enlarged scale
schematic cross-sectional view of a well screen and a variable flow
resi stance system which may be used in the well systemof FIG 1.

10FIG 3 {8 #heahelBliG,y Wikktlehed' sRbanndk enof ﬂ‘l‘%}?@’\ﬁd:&%@' on of

the variable flow resistance system taken along line 3-3 of FIG 2.
FIGS. 4A BBIZRT Wehdhdticc SgMen FeLewen 68 BHBPHE? - configuration of a
fl ow chanber of the variable flow 15 resistance system FI G
5 is a schematic plan view of yet another configuration of the flow

chanber. Fl S { C..p (S er
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fl ow chamdpese1 Mdde FI GS. 7A-G being taken along line 7-7 of FIG 4B,
and FIG 71-1 being taken along line 7TH7H of FIG 7G

FIG. 2 is an enlarged scale schematic cross-sectiomnal

view of a well screen and a variable flow resistance system

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

10 FIG. 3 is a schematic “unrolled” plan view of one
configuration of the variable flow resistance system, taken
along line 3-3 of FIG. 2.

FIGS. 4A & B are schematic plén views of another
configuration of a flow chamber of the variable flow

15 resistance system.

FIG. 5 is a schematic plan view of yet another

configuration of the flow chamber.

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

configuration of the variable flow resistance system.

20 FIGS. 7A-H are schematic cross-sectional views of
various configurations of the flow chamber, with FIGS. 7A-G
being taken along line 7-7 of FIG. 4B, and FIG. 7H being
taken along line 7H-7H of FIG. 7G.

FIGS. 71 & J are schematic perspective views of
25 configurations of structures which may be used in the flow

chamber of the variable flow resistance system.

FIGS. 8A-11 are schematic plan views of additional

configurations of the flow chamber.



FIGS. 71 & J are schematic perspective views of 25 configurations of
structures which may be used in the flow chanber of the variable flow

resi stance system FI GS. 8A-11 are schematic plan views of
addi tional configurations of the flow chanber.
Representatively illustrated in FIG 1 is a well system 10 whi ch can

enbody principles of this disclosure. As depicted in FIG 1, a
wel | bore 12 has a generally vertical 5 uncased section 14 extending
downwardly fromcasing 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 10 the tubular string 22 are nultiple well

screens 24, variable flow.resistance _syst.ems an ackers 26,
The packer s 26 Saat Bt P AT S ae S s BPnen F20r af 157 Lot BRrer
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system 25 int C i_n.the.tubular string 22. The well 20

screen 24F¢%$%£?§§¥%%Hgﬁhﬁggﬁﬁgl%pbaﬁhg into the tubular string 22

from the annulus. 28,1 athethakigabhbe (ELew L8shShAOGE:S¥st ec.ruﬁi%qgarl abl'y
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not ed.ot hathd heuweldr syatieny 22 are multiple well screens 24, variable
flow resistance systems 25 and packers 26.

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
15 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 intercomnected in the tubular string 22. The well

20 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.

25 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

30 disclosure are not limited at all to any of the details of



10 is illustrated in the drawings and is described herein as nerely
one exanple of a wde variety of well systens in which the principles
of this disclosure can be utilized. It should be clearly understood
that the principles of this 30 disclosure are not |limted at all to
any of the details of the well system 10, or conponents thereof,
depicted in the drawi ngs or described herein. For exanple, it
is not necessary in keeping with the principles of this disclosure
for the wellbore 12 to include 5 a generally vertical wellbore
section 14 or a generally horizontal wellbore section 18. It is not
necessary for fluids 30 to be only produced fromthe formation 20
since, intBENEFLexSHHESS 1% QraSEBara"he FRfEePed F¢R° Y orhdthicon,
fluids codtawhegdoih deyacted hatreiand produced 10 froma formation,
etc. It is not necessary for one each of the well screen 24 and
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adj acent ?ﬁiﬂic?&léé"eoﬂf’aﬁﬁ%r 11281 oklirkS £8P tRECHEBABYrS Of2 &SI N ide
vari abl e Tl ow resjstance system.25 to 15 be used in conjunction with
a singl e WeFFYHEeh AELIA/ HedloPrearrghyeieht A FFERIFI YAt i on

of these monpomerdls wallHarreusedtion 18.|t ItSifohohatessadard domny
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npin’other examples, fluids could be injected into a

formation, fluids could be both injected into and produced

10 from a formation, etc.

It 1s 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

15 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
20 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 gsystems 25, packers 26 or any other
25 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

30 principles of this disclosure.



20 injection operations, the injected fluid could be flowed through a
vari able flow resi stance system 25, w thout also flow ng through a
wel | screen 24. It is not necessary for the well screens 24,
vari able fl ow resi stance systens 25, packers 26 or any other 25
conponents 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 30 principles of this disclosure. It should
be clearly understood, therefore, that this _disclosure describes how
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anong in a well include, but are not limited to, balancing
production from (or injection into) multiple zones,
minimizing production or injection of undesired fluids,

15 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 1f a fluid wvelocity increases
beyvond a selected level (e.g., to thereby balance flow among

20 zones, prevent water or gas coning, etc.), increasing
resistance teo 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

25 wviscosity or density increases above a selected level (e.qg.,
to thereby minimize injection of water in a steam injection
well}.

Whether a fluid is a desgired or an undesired f£fluid
depends on the purpose of the production or injection
30 operation being conducted. For example, if it is desired to

produce oil from a well, but not to produce water or gas,



20 zones, prevent water or gas coning, etc.), increasing resistance
to flowif a fluid viscosity or density decreases bel ow a sel ected

|l evel (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 flowif a fluid 25 viscosity or density increases above a sel ected
| evel (e.g., to thereby mnimze injection of water in a steam
injection well). Whether a fluid is a desired or an undesired
fluid depends on the purpose of the production or injection 30
operation being conducted. For exanple, if it is desired to produce
oil froma well, but not to produce water or gas then oil is a
desired f¢@ﬁ@i%&&j%ﬁn%ud%ﬁ%§e§a§laﬁé fhde¥rten $¢@|$ﬁ§ g%e jyndegired
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Referring additionally now to FIG. 2, an enlarged scale
cross-sectional view of one of the variable flow resistance
gystems 25 and a portion of one of the well screens 24 1s

15 representatively illustrated. In this example, a fluid
composition 36 {(which can include one or more fluids, such
as o0il and water, liquid water and steam, oil and gasg, gas
and water, oil, water and gas, etc.) fiows into the well
screen 24, 1is thereby filtered, and then flows into an inlet

20 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.

25 Flow of the fluid composition 36 through the variable
flow resistance system 25 1s resisted based on one or more
characteristics (such as density, viscosity, velocity, etc.)
of the fluid composition. The fluid compositicn 36 is then
discharged from the variable flow resistance system 25 to an

30 interior of the tubular string 22 via an outlet 40.



and water, oil, water and gas, etc.) flows into the well screen 24,
is thereby filtered, and then flows into an inlet 20 38 of the

vari abl e fl ow resi stance system 25. A fluid conposition can

i nclude one or nore undesired or desired fluids. Both steam and water
can be conbined in a fluid conposition. As another exanple, oil,

wat er and/ or gas can be conbined in a fluid conposition. 25F ow of
the fluid conposition 36 through the variable flow resistance system
25 is resisted based on one or nore characteristics (such as density,
viscosity, velocity, etc.) of the fluid conposition. The fluid
conposition 36 is then discharged fromthe variable flow resistance
system 25 to ah? 3W-Het P16t kBt HBUL aPCERPR Nt 200X i P tarP o msies
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FIG. 2 and described herein.

Although the well screen 24 depicted in FIG. 2 is of
20 the type known to those skilled in the art as a wire-wrapped
well screen, any other types or combinations of 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,

25 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
gystem can include various passages and devices for
performing various functions, as described more fully below.

30 In addition, the system 25 preferably at least partially

extends circumferentially about the tubular string 22, or



25 inflow control devices, etc.) may al so be used, if desired.

The variable flow resistance system 25 is depicted in sinplified form
in FIG 2, but in a preferred exanple, the system can include various
passages and devices for perform ng various functions, as described
nore fully below. 30 In addition, the system 25 preferably at | east
partially extends circunferentially about the tubular string 22, or
the systemnmay be fornmed in a wall of a tubular structure

i nterconnected as part of the tubular string. In other exanples, the
system 25 may not extend circunferentially about a tubular string or

be formed in a 5 wall of a tubular structure. For exanple, the system
25 coul d Bee iyl inrYa b9 forgecudturevaet cof Thet $atam ST U HEE be

in a sepal@t@rdusddied hal dastatifachedclipulhe stbuh@r string 22, or
it could be oriented so that the axis of the outlet 40 is parallel to
t he axi s of ot rtmtoﬂtdearempatetsi,ngheThgssymt emr%yamﬁ ole:b:aemi_n a

| 0ggi ng st 110G, AL iy Cl*lgd Al ge;éh%‘aﬁl&?aé%ffn@%r tybul ar,d 4 ;ghape.
Any orientation or confiduration o e system 25 nay be used in
keepi Bg wahl e Hpriveiigire$tectmirs - di Eer osurerlRefldre igystem 25

addi ti onabdyl oy tibnldd 13 ad fMBkesdetathed, 16 &1 0Sths astdnalzsvi ew

of one SXaMBl £ ol Lhe USLem-25,10,1 88" BRent AL MEL Yol dd Uat rgled. 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
10 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 FIG. 3, a more detailed
15 cross-secticnal view of one example of the system 25 is
representatively illustrated. The system 25 is depicted in
FIG. 3 as if it is “unrolled” from its circumferentially

extending configuration to a generally planar configuration.

Az described above, the fluid composgition 36 enters the
20 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. The system 25
depicted in FIG. 3 is similar in most respects to that
25 illustrated in FIG. 23 of the prior application serial no.

12/700685 incorporated herein by reference above.

In the example of FIG. 3, the fluid composition 36
initially flows into multiple flow passages 42, 44, 46, 48.
The flow passages 42, 44, 46, 48 direct the fluid
30 composition 36 to two flow path selection devices 50, 52.
The device 50 selects which of two flow paths 54, 56 a



FIG 3 as if it is "unrolled” fromits circunferentially extending
configuration to a generally planar configuration. As described
above, the fluid conposition 36 enters the 20 system 25 via the inlet
38, and exits the systemvia the outlet 40. A resistance to flow of
the fluid conposition 36 through the system 25 vari es based on one or
nore characteristics of the fluid conposition. The system 25 depi cted

in FIG 3 is simlar in nost respects to that 25 illustrated in FIG
23 of the prior application serial no. 12/ 700685 incorporated herein
by reference above. In the exanple of FIG 3, the fluid

conposition 36 initially flows into nultiple flow passages 42, 44,
46, 48. Thelyow prsddifes ey f29m 4be pesapgest44heddl % 8ol

ggrmolsi ti &t e36, L&ldf Wah f |c¥t}M&aleév$h_@|ee§'Qi ea1devi Cﬁ@i&@@ﬁ?gw{ f‘teifcﬁﬁVi ce
sel ects | C 0 I wo 0w .pat , a maorltyo t he ow
Lot ne Satil Bk V0 i3 B3 PR P, P0oR £ TRh Ui, piinddte, 4

sel ects w¥ chi@f a8woviflllownpatrhs 58, 60 a majority of the flow from

the passages 42, 44, 46, 48 will enter. 5The fl ow passage 44 is
confi gured to Bee nfdh mestseidet e itocPnbhgered | e dee Hertieng hi gher

Vi scosi t yredd oM 0fvd R Gased o¥i %QQ&HEYh&bHﬁQSh hthd bx?ié&t%ie;%ﬁ.i NG Yow
used herein, the term

restricted.through the fl ow.pas e 44. .
Vi scosi 195 10 SR AL 218 aRy o T e T Rr AR IS 0g! oAl
properti essstincdaiicdhghriovgmtthe ¥iswopatyagyietd strength,

vi scopl asticity, surface tension, wettability, etc.
As used herein, the term “viscosity” is used to

10 indicate any of the related rheological properties including
kinematic viscosity, yield strength, viscoplasticity,

surface tension, wettability, etc.

For example, the flow passage 44 may have a relatively
small flow area, the flow passage may require the fluid
15 flowing therethrough to follow a tortuous path, surface
roughness or flow impeding structures may be used to provide
an increased resistance to flow of higher viscosgity fluid,
etc. Relatively low viscosity fluid, however, can flow
through the flow passage 44 with relatively low resistance
20 to such flow.

A control passage 64 of the flow path selection device
50 receives the fluid which flows through the flow passage
44, A control port 66 at an end of the control passage 64
has a reduced flow area to thereby increase a velocity of

25 the fluid exiting the control passage.

The flow passage 48 is configured to have a flow
resistance which is relatively insensitive to viscosity of
fluids flowing therethrough, but which may be increasingly
regsistant to flow of higher velocity and/or density fluids.

30 Flow of increased viscosity fluids may be increasingly

- 11 -



For exanple, the flow passage 44 nay have a relatively small flow
area, the flow passage may require the fluid 15 fl ow ng therethrough
to follow a tortuous path, surface roughness or flow i npeding
structures may be used to provide an increased resistance to fl ow of
hi gher viscosity fluid, etc. Relatively |ow viscosity fluid, however,
can flow through the fl ow passage 44 with relatively | ow resistance
20 to such flow. A control passage 64 of the flow path selection
device 50 receives the fluid which flows through the fl ow passage 44.
A control port 66 at an end of the control passage 64 has a reduced
flow area to thereby increase a velocity of 25 the fluid exiting the
control peeshYfesd THETUBW s $dg¥ B8sEadeohPi giredie Fags g¥9agwan
resi st ancexwdmehad scrt ald eloh ifnsgAsi wbuBdt Be VissDstdy rdlgH dse

fl ow ng tpgrethrou h, but which nay be increasingly resistant to flow
of hi gher %Td%?%%é%ﬁuﬁédr density fluids. 30 Flow of increased

viscosity fl ui Melolg I .resksted t tE% { ow
passage 48, butﬂ'?ngo?é/t%%édg%rgg 1§%E)eﬁx%£elnf§t§'s ?l o%/]vi]g#ggfulc S{Ji ds
woul dSbe FREvegledhanfdqyh PesSagEodBpayShgElaw. through a “vortex”

chamber 62 prior to being discharged into a control passage
68 of the flow path selection device 50. Since the chamber
62 in this example has a cylindrical shape with a central
outlet, and the fluid composition 36 spirals about the

10 chamber, increasing in veloclity asg it nears the outlet,
driven by a pressure differential from the inlet to the
outlet, the chamber is referred to as a “vortex” chamber.
In other examples, one or more orifices, venturis, nozzles,

etc. may be used.

15 The control passage 68 terminates at a control port 70.
The control port 70 has a reduced flow area, in order to
increase the velocity of the fluid exiting the control

passage 68.

It will be appreciated that, as a viscosity of the

20 fluid composition 36 increases, a greater proportion of the
fluid composition will flow through the flow passage 48,
control passage 68 and control port 70 (due to the flow
passage 44 resisting flow of higher viscosity fluid more
than the flow passage 48 and vortex chamber &2), and as a

25 vwviscosity of the fluid composition decreases, a greater
proportion of the fluid composition will flow through the
flow passage 44, control passage 64 and control port 66.

Fluid which flows through the flow passage 46 also
flows through a vortex chamber 72, which may be similar to
30 the vortex chamber 62 (although the vortex chamber 72 in a

preferred example provides less resistance to flow



In the exanple depicted in FIG 3, fluid flowng 5 through the flow
passage 48 nmust flow through a "vortex" chanber 62 prior to being

di scharged into a control passage 68 of the flow path sel ection
device 50. Since the chanber 62 in this exanple has a cylindrical
shape with a central outlet, and the fluid conposition 36 spirals
about the 10 chanber, increasing in velocity as it nears the outlet,
driven by a pressure differential fromthe inlet to the outlet, the
chanber is referred to as a "vortex" chanber. In other exanples, one
or nore orifices, venturis, nozzles, etc. may be used. 15The control

passage 68 term nates at a control port 70. The contro|l port 70 has a
reduced fFeavrelieoudth WHedertheo vierépgaskarher vel bei 354 ofs tdies dhazagd

exiting the-santdantRASTRGS62 7ht. Wrhk bereppresimiad 1hats de@
viscosity_of jhe %? fluid. c ogi%ion 6 _increases reater
proportion of tHE §Qﬁﬁiqﬁﬁﬁ§3 tioff @TES¥Fov THY é%ﬁ?qq%mﬁ
passage 48lownnthmiugiaddwyd 168 padsegatrot, pbét 49. (due to the flow
passage 44 resisting flow of higher viscosity fluid nore than the

fl ow Passage 4A®Ptd-nAdy dmegisappbser 2Bd) othpy akam PB4 sdes Of dhet he
fluid conposididtHeERAISeS ofatdkeal,8tefl 990k1 1 DM&d the Hd Wedected

composi t1 oLl A1 through e L Loy passage, 4. oty gl passaoe 64

the example of FIG. 3, one desired outcome of the flow path
selection device 50 is that flow of a majority of the fluid
10 composition 26 which flows through the flow passages 44, 46,
48 is directed into the flow path 54 when the fluid
composition has a sufficiently high ratio of desired fluid

to undesired f£luid therein.

In this case, the desired fluid is oil, which has a

15 higher viscosity than water or gas, and so when a
sufficiently high proportion of the fluid composition 36 is
cill, a majority of the fluid compositicn 36 which enters the
flow path selection device 50 will be directed to flow into
the flow path 54, instead of into the flow path 56. This

20 result is achieved due to the fluid exiting the controcl port
70 at a greater rate or at a higher wvelocity than fluid
exiting the other control port 66, thereby influencing the
fluid flowing from the passages 64, 68, 74 to flow more
toward the flow path 54.

25 If the viscosity of the fluid composition 36 is not
gsufficiently high (and thus a ratio of desired fluid to
undesired fluid is below a selected level), a majority of
the fluid composition which enters the flow path selection
device 50 will be directed to flow into the flow path 56,

30 instead of into the flow path 54. This will be due to the

fluid exiting the control port 66 at a greater rate or at a



Fluid which flows through the fl ow passage 46 also flows through a
vortex chanber 72, which may be simlar to 30 the vortex chanmber 62
(al though the vortex chanber 72 in a preferred exanple provides |ess
resi stance to flow therethrough than the vortex chanber 62), and is
di scharged into a central passage 74. The vortex chanber 72 is used
for "inpedance matching” to achieve a desired bal ance of flows

t hrough the fl ow passages 44, 46, 48. 5Note that dinensions and ot her
characteristics of the various conponents of the system?25 will need
to be selected appropriately, so that desired outcones are achi eved.

In the exanple of FIG 3, one desired outcone of the flow path
sel ect i onhHEheE vEP G s IFdWier eqirdper Fhg ofhehecontnqd Fert

gprmotsi Ej i m,t 3&%&&@{1 ifﬂﬂw%ﬁrcgzlg\tfﬁhet ?Quiﬁ?ﬂ@@ﬁﬁ@gﬂﬁqrﬁl%hé%as‘b&de%
irecte nto_t he flow pa en the fluipd conpasition has a
sufficien%?y High’ T &9 HEEFr§8WFFEiEg?o%gﬂﬂégggéd%41uid t her ei n.
In this case, desi.re l.ui d_ LS -0i whi ch . i.gher

Vi scosity thaﬁ&aajgﬁ'g% %ﬁ&?%gggkgg %ﬁ%%’aﬁéu?ﬁ?%?é&#§% i gh
propoftt i ofPRfiqHelRd ik ddmpoPreraaes6its oF 1, 4% MUl R selges
w11 e G oot o T tn he fL o bt e ol et he
Wi e directed to w.into the flow 4, instead of, jnto the
) ow pat M5 2ahcs S0 JRBHRE £ HEMPBYERCEESTS Thetts aidkiting ¢ he
control pomipodl@itora 3gr edt ehicat eher datiaee htgheslemt aiibharhamef | ui d
exiting t t tr,0l It , reby.i g@ﬂs; t 4 L

fl ow ng ffr.%)n"'lpt e Sp?gggggg&legrg%? g§§ %E}?og?l%wﬁﬁ)re tovr}vgfr dﬂt‘%hléj #:rg)vnx}
pat h 194, 85 (A HE ] iedode Febf tohEariard ebhbosert o6 S-s not

sufficiently high (and thus ratio.of desired fluid to undesired
Flui d 1 o bel owliF JoIBE BRT e T8l ) SEadhER ST FHEET tha A onpos: ti on
whi ch entewrsttdile ddspwgeat Tésell8ctfonhdevtiber SOLaw |patie s lreedtio t o .
flow intodhed l-ow path 3643011 B?%gégegfﬂ; ntPg theydd pwdbakh 54. This

will be due to the fluid exiting ontrol pori 66 at a greater
rate or dfespective control ports 80, 82. A central passage 75

15 receives fluid from the flow passage 42.

The flow path selection device 52 operates similar to
the flow path selection device 50, in that fluid which flows
into the device 52 via the passages 75, 76, 78 is directed
toward one of the flow paths 58, 60, and the flow path

20 selection depends on a ratio of fluid discharged from the
control ports 80, 82. If fluid flows through the control
port 80 at a greater rate or velocity as compared to fluid
flowing through the control port 82, then a majority of the
fluid composition 36 will be directed to flow through the

25 flow path 60. If fluid flows through the control port 82 at
a greater rate or velocity as compared te fluid flowing
through the control port 80, then a majority of the fluid
composition 36 will be directed to flow through the flow
path 58.

30 Although two of the flow path selection devices 50, 52
are depicted in the example of the system 25 in FIG. 3, it
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hi gher velocity than fluid exiting the other control port 70, thereby
influencing the fluid flowing fromthe passages 64, 68, 74 to flow
nore toward the flow path 56. It will be appreciated that, by
appropriately 5 configuring the flow passages 44, 46, 48, control
passages 64, 68, control ports 66, 70, vortex chanbers 62, 72, etc.,
the ratio of desired to undesired fluid in the fluid conposition 36
at which the device 50 selects either the fl ow passage 54 or 56 for
flow of a nmgjority of fluid from 10 the device can be set to various
different levels. The flow paths 54, 56 direct fluid to respective
control passages 76, 78 of the other flow path selection device 52.
The cont r@ilbg@%mf%atﬁ@ ttdef AaYenyrbess pbeely@ind el Porklewso,

$ﬁ- fA| Ce%é% msas;aegl t_Q)n751de135__cré%Cth23_‘§’e§ef h?éd iﬁqa%éﬁﬁ%glv?#rp?ﬁﬁage fﬁ
e oW pa S ectlion evi Gge opera sSLm| ar e ow pa
sol ect | orP Bt B0 4 1T CLACaPoRRT ohiRF WRVTHED e Hevi ce 52 via
t he passagebust;atés] 178 HIS .di3r ectedft dhar dypaekmdwrt heo filowepakid 158,
60, and t t (), S ti .de : j | yi

S sonal F Eug RA AR BEl 90 OREPAS MRpPLERLLD Hud dBile
cont rol p‘afﬁe%@fatf]é"‘g@@@eﬁerl&?éléﬁ ??@Vb%?%y(%sgcorw%ﬁse?dﬂt@atfym d

flow ng tfmough-ddies captlidicpert b82sthbes aludd oswidecids the fluid
conposi ti on_ 36:: vvic! I lbeH;_ di.r.ect %d tomf %Oflit héouggct he 25 .fl o t.krl1 60.
If 1 uid ¥R Tirddgf YHE &85t PoF™Bort+85° at % o d¥terPS &% ort
vel oci ty lesemiorparidd ttdref ouildefipdasngft bhosighisdheosomrrol port 80,
t hen a najoriyg of the fluid conposition 36 will be directed to flow
t hrod§h the fITwishtdhisd f3onpt RBGgHIRWERSf L1die Batdv Thtsht€aliSeét i on
devi ces SOlowZiambedepiactad ah theeexaspheich dhe-cystiem 25 uid kEbG
3, it enter the chamber generally tangentially (e.g.,-the chamber
84 is shaped similar to a cylinder, and the inlet 86 is
aligned with a tangent to a circumference of the cylinder).
15 As a result, the fluid will spiral about the chamber 84,
until it eventually exits via the outlet 40, as indicated

schematically by arrow 20 in FIG. 3.

Fluid which flows through the flow path 60 enters the

flow chamber 84 via an inlet 88 which directs the fluid to
20 flow more directly toward the outlet 40 (e.g., in a radial

direction, as indicated schematically by arrcow 92 in FIG.

3). As will be readily appreciated, must less energy is

consumed at the same flow rate when the fluid flows more

directly toward the ocutlet 40 as compared to when the fluid
25 flows less directly toward the outlet.

Thus, less resistance to flow is experienced when the

fluid composition 36 flows more directly toward the outlet

40 and, conversely, more resistance to flow is experienced
when the fluid composition flows less directly toward the

30 outlet. Accordingly, working upstream from the outlet 40,

less resistance to flow is experienced when a majority of
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wi |l be appreciated that any nunber (including one) of flow path

sel ection devices may be used in keeping with the principles of this
di scl osure. The devices 50, 52 illustrated in FIG 3 are of the type
known to those skilled 5 in the art as jet-type fluid ratio
anplifiers, but other types of flow path selection devices (e.g.,
pressure-type fluid ratio anplifiers, bi-stable fluid swtches,
proportional fluid ratio anplifiers, etc.) may be used in keeping
with the principles of this disclosure. 10Fl uid which flows through
the flow path 58 enters a flow chanber 84 via an inlet 86 which
directs the fluid to enter the chanber generally tangentially (e.qg

t he chanblelre gilukd rapraridiian 36 fdoyscyPradere arrirere Q%I@Oﬂsfﬂ’ies

aligned wihe@ d@ngai d-cugd teunkeesengetafsbhe cylinder). 15 As a
result, the fluid will spiral about the chanber 84, until it

event uaI ly exiA smajarithe cdutdhet f40idasonpdstated 3€hehmts adldguddy

arr ow 90 F i.d i:gh r ;igg 60
enters the I%)lvcé‘%%a er®C ih\%@f‘gﬂﬁfﬁnﬁ%gﬁgt% [ re?%éll‘? %I@w °d to
20 fl &w npreatrt ests qroml@ctlﬁef 8§t Fempgpedety. flyid @hﬂefdlllw the

directi Orbo@tﬁ‘rdlncb&xai e schpyret ifgakbyeRyear tiow &&tfbflgﬁsr@)ao RAgew | |
is consuned at th fI ow

be readil reci at ss._energy

ot e wher? TR L T G BgPeSIEABRERY FRr hs TR S 20
conpar ed :fbowmemrtdl@kf |tined £25wf paib Béss directly toward the out I et.
Thus, less resistance to flow is experienced when the fluid

conposi ti on 36 Maey it efdithecflyidofdedintel vem | tete apsanges 64,

COﬂVQﬁ)Ste|6’8 P‘meflrc% E‘ttlﬁe@ﬁd @h{ fEhfa' QWowspEQtﬁﬂefglo em&dtl ﬂmt ﬁag téa@&fg l&:h@
conposition | rec e (o) e CCcor dl Yy
oo (R gt gt pheeRee Fabe phoreldtne i rapared to
experi enc@ﬁ%&m&:m @hiet yootrof hpottubé. covigos i £ 1wind I6ciftisowdiel nt o
the chanhgr, 84, rﬁHPtt e ihgt a8%is@8gi{:pr8f'g&1é r@l&ic@%%&i@@on 36

is above a selected level.

15 Thus, flow through the system 25 is resisted less when
the fluid composition 36 has an increased viscosity {(and a
greater ratio of desired to undesired fluid therein). Flow
through the system 25 is resgisted more when the fluid

composition 36 has a decreased viscosity.

20 More resistance to flow is experienced when the fluid
composition 36 flows less directly toward the outlet 40
(e.g., as indicated by arrow 90). Thus, more resistance to
flow 1s experienced when a majority of the fluid composition
36 flows into the chamber 84 from the inlet 86, and through

25 the flow path 58.

A majority of the fluid composition 36 flows through
the flow path 58 when fluid exits the control port 82 at a
greater rate or velocity as compared to fluid exiting the
control port 80. More fluid exits the control port 82 when
30 a majority of the fluid flowing from the passages 64, 68, 74
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A majority of the fluid conposition 36 flows through the flow path 60
when fluid exits the control port 80 at a 5 greater rate or velocity
as conpared to fluid exiting the control port 82. Mrre fluid exits
the control port 80 when a majority of the fluid flowing fromthe
passages 64, 68, 74 flows through the flow path 54. A majority of the
fluid flomng fromthe passages 64, 10 68, 74 flows through the flow
path 54 when fluid exits the control port 70 at a greater rate or
velocity as conpared to fluid exiting the control port 66. Mre fluid
exits the control port 70 when a viscosity of the fluid conposition
36 is above a selected | evel. 15Thus, flow through the system25 is

resi sted fEe¥s viHerPudte Fheuifd womssi 6Foninetaad af thresudhddie flow

vi scosi t ypd@mdsa, greater ratio of desired to undesired fluid
therein). Flow through the system 25 is resisted nore when the fluid
conposition 36 hasj@idecrofaséd \filedds Flpwi2Moremrelse Shaasueyd=o d4,0w
IS experignc Ld Lt 36, f iJs I

Lowar 8t b ou] at ol (Rl (RTEISS bEey Be VNS HeR RS ohe
resi sPancePigrdl wetts & Fér ifeFEEdtRNeiahen8f oY £19CHEY tae gqmpaged to
Cgrmosiht Izgmﬁ-.@ éf%i&i@agi e tg&ﬁlt%@ ei-t840fr Om%@efilﬁ\itlfte}%ﬁ;s amé

t hr oug the flow : . majority._o e. fluid canposition
56 1 ows ST K AONTSR 7 34 SRABACH) BF 1o 8% o the CRRTOR Sor
82 at a girediekow & eadreareldodietvelas conpared to fluid exiting the
control port 80. More fluid exits the control port 82 when 30 a

maj ority of tH® fdagrifieshizhgver ofeheYphsBagesi 4comBlawpd fAows
through thesfiaw pad %61 drasieadcok1bhr oueh the 1.0 pldpR4.tion

36 has an increased wviscosity, and more resistance to flow
when the fluid composition has a decreased viscosity. This
is beneficial when it is desired to flow more of a higher

viscosity fluld, and less of a lower viscoslity fluid {(e.g.,

15 1in order to produce more oil and less water or gas).

If it is degired to flow more of a lower viscosity
fluid, and less of a higher wviscosity fluid (e.g., in order
to produce more gas and less water, or to inject more steam
and less water), then the system 25 may be readily

20 reconfigured for this purpose. For example, the inlets 86,
88 could conveniently be reversed, so that fluid which flows
through the flow path 58 is directed to the inlet 88, and
fluid which flows through the flow path 60 is directed to
the inlet 86.

25 Referring additionally now to FIGS. 4A & B, another
configuration of the flow chamber 84 is representatively
illustrated, apart from the remainder of the variable flow
resistance system 25. The flow chamber 84 of FIGS. 4A & B
ig gimilar in most respects to the flow chamber of FIG. 3,

30 but differs at least in that one or more structures 94 are
included in the chamber. As depicted in FIGS. 4A & B, the
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A mjority of the fluid flowing fromthe passages 64, 68, 74 flows

t hrough the flow path 56 when fluid exits the 5 control port 66 at a
greater rate or velocity as conpared to fluid exiting the control

port 70. More fluid exits the control port 66 when a viscosity of the
fluid conposition 36 is below a selected | evel. As described above,
the system 25 is configured to 10 provide |less resistance to flow
when the fluid conposition 36 has an increased viscosity, and nore
resi stance to flow when the fluid conposition has a decreased
viscosity. This is beneficial when it is desired to flow nore of a

hi gher viscosity fluid, and | ess of a _|ower viscosity fluid (e.qg., 15
in order $erproHiR I HY cangicessdnafer dinghd)structurg thyying
desired ténd |ow mdxe Hifeakd @tebpenseasi by thetdinansk | a8 smoft ipid gher

i ity fluid o d d | ter,

v 008! LIS, G TR O PLOCHEE TSR0 Teos el
dily 20 i his | 4 ts 86,
ey 20 1 ool LGSl s Ucgossy EOfcexarpl Snd ool o1 98

the fPow PAMIPSE G Fie edricd £doWReCiirelaBy abpeMt | thel GAEIeT [8us
t hrough tdes flaw Ppatd £0 vied gt ed1beithe hidieta8bsiRpRef ergw ng

additionaJJ¥ no. totFIGS.t4A & %, giother confi urq%iontﬁi the fl ow
chanber 84T ¥FEpredEhCHIVERT TP GSPVaFEEC AParY F70M (HE (ST der
of the varitabte fdeph e stfatbe spsnéng2596 Therthi ogy redraribiregt dflow
FIGS. 4A & BHS Sidid fonddsTRiba" ¢3PRCEEt Pnide 44 av chamel 106 BlG

3, 30 but differs at leaSt in that one or nore structures 94 are
i ncl dded THR hehGiarhs f1RddHEpMPPEYELAT P R YT R Ble e tird&tur e
94 may besgonsi deried addva fdorgl eistnlatlyeihavhd clamtbayr SWradbduteaks

br cake. orBa oL e B FheurbE g S S SRR btk R o
impedes a change in direction of the flow of the fluid
composition toward the outlet, as the velocity and/or

15 density of the fluid composgition increases, and/or as a
viscosity of the fluid composition decreases. The openings
96, however, permit the fluld compositicn 36 to gradually

flow spirally inward to the outlet 40.

In FIG. 4A, a relatively high velocity, low viscosity

20 and/or high density fluid composition 36 enters the chamber
84 via the inlet 86. Some of the fluid composition 36 may
also enter the chamber 84 wia the inlet 88, but in this
example, a substantial majority of the f£luid composition
enters via the inlet 86, thereby flowing tangential to the

25 flow chamber 84 initially (i.e., at an angle of 0 degrees
relative to a tangent to the outer circumference of the flow
chamber) .

Upon entering the chamber 84, the fluid composition 36
initially flows circularly about the outlet 40. For most of
30 its path about the outlet 40, the fluid composition 36 is

prevented, or at least impeded, from changing direction and
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5 conposition 36 which flows circularly about the chanber 84, and has
a relatively high velocity, high density or |ow viscosity, to
continue to flow circularly about the chanber, but at |east one of

t he openings 96 pernmits nore direct flow of the fluid conposition
fromthe inlet 88 to the outlet 40. 10 Thus, when the fluid
conposition 36 enters the other inlet 86, it initially flows
circularly in the chanber 84 about the outlet 40, and the structure
94 increasingly resists or inpedes a change in direction of the flow
of the fluid conposition toward the outlet, as the velocity and/or 15
density of the fluid conposition increases, and/or as a viscosity of
the fl ui dftiEsitadinldecteonsss thireoBpeftngE Y8e fotestaire fdrni tThche
fluid conpeshing B35 do, Goaedwall,y ghhawaspir al i ywipaed thio dihameut | et
40. In FI AC?A, a rel.at.i veIB% hi gh_vel oci t%§ igw Vi sco(gitt%'f 20 %210” or

hi gh denstt$4 | STETHPSH CPofrO36PaREEr E2PHE thaEF - B4 HH T 1S nl et
86. Sone witldie §4¢.uid conposition 36 may al so enter the chanber 84
via the inlet 88, but in this_exanple, a substantial majority of the

f1 ui d 5conposi tibrF¥nt éfs @ &edREiVRLEt 188, veheekby. ol it scasgént i al
toI the 25%dd v chanrmB4y uial E&m_ﬂabs@tmioﬂt:-‘»@-neﬁ@&f f] tQ']Eel Qriaweees
relative at ent .t e outer cLr ence of the flo

chanber) §40 via a%geor‘?‘n@?ﬁ%eﬁegéng ﬁ@ecﬂgngg? g%?l‘ghcéor?ﬁ"iﬁ%]co Ssi™i¥on
36 initialsoe fdrows dibecwharbgraBéuvisaheheuihbet 486, Bort rostthdfs 30 its
path about, 19 Outd ehydQankhg1f il d - ¢PYPOST £1,0NF BOi d oM @M, OF

at | east inpeded, from changi n% direction_and flowng radially toward
the dQt| APURFS AE 3 Hhsc A EToBE - ThESEBRNI ALY HET di A Hoviek dirrough
gr adual | yrisd | fvswp@Hantas: @iz t(heefl |, ubd eanpesiéioh V6 dayrspig al

radially | rd toward .t tlet . nFlLG 4 rel atd vely J.ow
vel oci ty,r%‘:ﬂ%‘nl%ei %coosal ttfﬁgﬁg‘%o%gl B\f/%vgdgﬁé?]fycﬁﬁm e(:oerF’pcoesi tﬂl \é%%gl%w
enters thehahi®ter 84 via the inlet 88. Sone of the fluid conposition

36 may al so enter the chanber 84 via the inlet 86, but in this
exanpl e, a sub¥Eamth HREnRPERARgSoPet RelPTEi the ohibid tG¥pposition 36

15 to flow more directly from the inlet 88 to the cutlet 40.
Thus, radial flow of the fluid composition 36 toward the
cutlet 40 in this example is not resisted or impeded

significantly by the structure 94.

If a portion of the relatively low velocity, high

20 viscosity and/or low densgity fluid composition 36 should
flow circularly about the outlet 40 in FIG. 4B, the openings
96 will allow the fluid composition to readily change
direction and flow more directly toward the outlet. Indeed,
as a viscosity of the fluid composition 36 increases, or as

25 a densgity or velecity of the fluld composition decreases,
the structures 94 in this situation will increasingly impede
the circular flow of the fluid composition 36 about the
chamber 84, enabling the fluid composition to more readily

change direction and flow through the openings 96.

30 Note that it is not necesgsary for multiple openings 96
to be provided in the structure 94, since the fluid
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10 enters via the inlet 88, thereby flowing radially through the flow
chanber 84 (i.e., at an angle of 90 degrees relative to a tangent to
the outer circunference of the flow chanber). One of the openings 96
allows the fluid conposition 36 15 to flow nore directly fromthe
inlet 88 to the outlet 40. Thus, radial flow of the fluid conposition
36 toward the outlet 40 in this exanple is not resisted or inpeded
significantly by the structure 94. If a portion of the relatively |ow
vel ocity, high 20 viscosity and/or |ow density fluid conposition 36
should flow circularly about the outlet 40 in FIG 4B, the openings

96 will allow the fluid conposition to readll¥ change direction and
fl ow nor eC‘HT‘P%%]t’HPI% ofar Ptlite oM BPre| AYEBAtIRsIER |¥&%§1rt]3?tof88t &
fluid conpiesidutdret3@d ndeaseingle apeding, dendid ysighelaeirtingf the

fluid conp (?Lﬂ& éﬁ”sdge%t‘ih%%?%ﬁbwt '%%oﬁ—.l LHet ik 9?15'1?& Sadll Liat ﬁq%gw '

I ncreasin e circul oW o orrp05|
about thel%‘if@?dﬂéf tBanshdble oytiRé -f | AN Bonpes| ¢f wwPewlnes e%re(m |y

ch?ng@ di seed+ eraand d;ﬂ Q}&Swt %@ughahbgesetseﬂaagél 9§1m3)0I\&3@1tc1 hat it is
no necessar 0 | e open (0] n
tructur So At I sk ltboﬁ%ﬁs?ﬁﬁﬁ”% Sott Ao es e
directly the qut n]%t%% xg%r‘é',aﬁ sknglhe BQSQEQeraE‘ng&%‘é d,4lsQ allow

flow fromthe i
openings 96 to be positioned directly between the inlet 88

and the outlet 40. The openings 96 in the structure 94 can
10 provide for more direct flow of the fluid composition 36
from the inlet 88 to the outlet 40, even if some circular
flow of the fluid composition about the structure is needed
for the fluid composition to flow inward through one of the

openings.

15 It will be appreciated that the more circuitous flow of
the fluid composition 36 in the FIG. 4A example resultsg in
more energy being consumed at the same flow rate and,
therefore, more resistance to flow of the fluid composition
as compared to the example of FIG. 4B. If oil is a desired

20 fluid, and water and/or gas 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 i1t has an ilncreased ratio of
desired to undesired fluid therein, and will provide greater

25 resistance to flow when the fluid composition has a

decreased ratio of desired to undesired fluid therein.

Referring additionally now to FIG. 5, another
configuration of the chamber 84 i1s representatively
illustrated. In this configuration, the chamber 84 includes

30 four of the structures 94, which are equally spaced apart by

four copenings 986. The structures 94 may be equally or
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inwardly toward the outlet. Any nunber 5 other areas of |ow
resistance to radial provided in keeping with the principles fromthe
inlet 88 to a single opening to gradually spiral of openings 96 (or
flow) could be of this disclosure. Furthernore, it is not
necessary for one of the openings 96 to be positioned directly
between the inlet 88 and the outlet 40. The openings 96 in the
structure 94 can 10 provide for nore direct flow of the fluid
conposition 36 fromthe inlet 88 to the outlet 40, even if sone
circular flow of the fluid conposition about the structure is needed
for the fluid conposition to flow inward through one of the openings.
151t mnIIu%%ﬁ%&kﬁxxﬁRﬁQﬁﬁ-@W@Ftbhéeﬁﬁﬂélégréﬂ|Fbﬁsd¢$¥W¢QﬁOHQR?qqqm

conposi t i pirBfeddrd her MHe HArexanpl.e results in nore energy being
consuned at the sane flow rate and, therefore, npbre resistance to

flow of the fIR&ﬁbmng)$ddmnoaal¢gnpawedot PItHe ma&’rpﬁ,e a)foﬂ?ieﬁﬁ 4B.

If oil is i e d Png
fluids, t%en |®££ﬁ&b§ﬂag€%eg?age§@%hg%g? égéjé frable 110w res| st ance
syst el 25r BT TR2 NG B iilMstprsefde Tessvaesiiantkow o 9ighageet he

fl 3' d con@p@&édaca?s 3 whess i tgAhalsllaaalfﬂégga§@EsttE@ﬁwapI CECSjtrd' leaht?of
undesire ul er.ein an rovi de at er esl| S nce (0]
o wherr e $1 Ak oo am thatn il ¥ e dL i8S el ey T
undesi r edndnyi Tewdrerammponent s .Reflefeedg Taddi:ltleom@mfwumntom BIIG 5,
anot her cppid g%:@ts! &N nflS)“%h%héH‘QﬁBeﬁ“s&S éeﬂﬁ é%lsl od tx:een the

illustrated. In this confi‘guration, e chanb
10 inlet 38 and the outlet 40 of the system

The chamber 84 in the configuration of FIGS. 6A & B has
only a single inlet 86. The chamber 84 also includes the

structures 94 therein.

In FIG. 6A, a relatively high velocity, low viscosity
15 and/or high density fluid composition 36 enters the chamber
84 via the inlet 86 and is influenced by the structure 94 to
continue to flow about the chamber. The fluid composition
36, thus, flows circuitously through the chamber 84,
eventually spiraling inward to the outlet 40 as it gradually

20 Dbypasses the structure 94 via the openings 96.

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

25 chamber 84 wvia the inlet 86, allowing it to flow more
directly from the inlet to the cutlet 40 via the openings
96.

It will be appreciated that the much more circuitous
flow path taken by the fluld composition 36 in the example
30 of FIG. 6A consumes more of the fluid composition’s energy
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30 four of the structures 94, which are equally spaced apart by four
openi ngs 96. The structures 94 may be equally or unequally spaced
apart, depending on the desired operational paraneters of the system

25. ‘ Referring additionally nowto FIGS. 6A & B, another
configuration of the variable flow resistance system25 is 5
representatively illustrated. The variable flow resistance system 25

of FIGS. 6A & B differs substantially fromthat of FIG 3, at |east
inthat it is nmuch |less conplex and has nany fewer conponents.

I ndeed, in the configuration of FIGS. 6A & B, only the chanber 84 is
i nter posed between the 10 inlet 38 and the outlet 40 of the system
25. aTHehe heafirert 18 iLftehantontiyar atFonl bF I R TA T B Trase

only a sipgl£1dw) &is &%mpﬂi%dlcftmgé #dchl serénglvees they %iafdlpttlé.fk%&l
arelativ

94 th l.n_ F h t 15
andl or . 'k Wi 114 AR CPofisassHTRrE therifmittr oF Fid
the inl eti86 atwbired ffluiehceddbyathe shdfct ugas %re cupdrriimage t o

fllow aboufy g chaphersc mellf i ¢ %9@99&&&&0&1%@3 tﬂ@bkﬁarfa{&"@ flow
mrcwtously t hrough the chanber 5 eventually spiraling_inward to

the out| efeP RG] Sg’r%ﬁﬂhlzﬁy°§0Fg9ﬁas§%s&t%ew%ﬂ=LI%‘fQNJéiQJZE‘%ﬁSa t he
openi ngs Sésistance o HIGw 6B, thewetaid tbepds Ut tow apasgidd art Hashas

a | over vel og é!eaéfgf{r%act%%d of %%%i E& égdgﬁéege% Ashtk flensl Iy, The

fluid corrpos i"on . IS exarrp ange diTection nore
readi |y aznd twillowsawitde tghr@azsrcﬁaﬁbetamevm fhewivhest 8% fduigwi ng

it tagfl %ﬁﬁ&ﬁt@dr?@ia'sy af RPrbhgelnk-8t it 00t NG QU B HQinde it
openi ngs EHUld therein.

Although in the configuration of FIGS. 6A & B, only a
gingle inlet 86 is used for admitting the fluid composition
36 into the chamber 84, in other examples multiple inlets

15 could be provided, 1f desired. The fluid composition 36

could flow into the chamber 84 via multiple inlets
simultanecusly or separately. For example, different inlets
could be used for when the fluld composition 36 has
corresponding different characteristics (such as different

20 velocities, wviscosities, densities, etce.).

The structure 94 may be in the form of one or more
circumferentially extending vanes having one or more of the
openings 96 between the vane(s). Alternmatively, or in
addition, the structure 94 could be in the form of one or

25 more circumferentially extending recesgsges in one or more
walls of the chamber 84. The structure 94 could project
inwardly and/or outwardly relative to one or more walls of
the chamber 84. Thus, it will be appreciated that any type
of structure which functions to increasingly influence the

30 {fluid composition 36 to continue to flow circuitously about
the chamber 84 as the velocity or density of the fluid
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It will be appreciated that the nmuch nore circuitous flow path taken
by the fluid conmposition 36 in the exanple 30 of FIG 6A consunes
nore of the fluid conposition's energy at the sane flow rate and,
thus, results in nore resistance to flow, as conpared to the nuch
nore direct flow path taken by the fluid conmposition in the exanple

of FIG 6B. If oil is a desired fluid, and water and/or gas are
undesired 5 fluids, then it will be appreciated that the variable
fl ow resistance system 25 of FIGS. 6A & B will provide |ess

resistance to flow of the fluid conposition 36 when it has an
increased ratio of desired to undesired fluid therein, and will
provi de (FRERQSLFEHI SIATRRIES f IBwaRhen VERECFLEY doi ot ondbsid i on has

2' ?ﬁcreﬁw&{@ds@s O;aﬂiﬁ/%r{ e\dnfc@lf Lfgfl%%ubﬁg Ebuiﬂci—&l@éﬂhc_ﬂy 1|mpede.i . 86
oug N (o) | 1, 0N Sln e.lnle

s tood 1EIE S it e Rd e paUPePbniSs THIYE (HRE CHIATEET 87

i n ot her @xan&m]escﬂmythpld@nsmm s:flﬁheoﬁldlﬁecqxnmmdleu;mldemm
The flgui dofoa{g)aasuh@s%ﬁ O drfl @it %EP&%@W%&% msaea%&' ple

inlets sinultaneou or “separately. For_exa ferent ets
coul d be ]E%%P#%rwwgibr?k{%é’xflﬂ?ﬂ@l@@nﬁésFPF%ndB%Cmu%f r espondi ng

di fferent characterlstlﬁé]ts(ct h as di ffeEent 20 v Iom%ﬂSl

viscosities, deshditalest 1ve sc ?W@ SErattr =94 R(jeheoe in the
form of owerwrtumy @%lar@rﬂe@rl@rlIEdahhyFé&SenﬁAﬂ@ vehes e iqigpsene or
more of tHe.,openings SR Rt weer tha. &aﬂégﬁ% tﬂél‘?ré‘féﬁg’en&e Of_A g

addition, t estructure 94 coul'd be In form of one or nor e
circdff erBHii A8y SHeHTIIVAG LoEEe §X@BPLAS oRRMeRS e Vit s aofgﬁeﬁé
chanber S8darildwey dff lpasm@l%tci@ul dxpeej et tomer clhyt angl/ e out war dl y

relatlvetooeor re he.chanber 84.. Thu i.l 1 be
appr 6! atber A St SB 6P 48t GRCPE AR EHPT i Tonaiar Hhe
i ncr easi meyndiflaremde tihie 80 sklosdreoapesitt ohiBe-ad wonmdanwd oy
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ui

15 In FIG. 7A, the structure 94 comprises a wall or vane
which extends between upper and lower (as viewed in the
drawings) walls 98, 100 of the chamber 84. The structure 94
in this example precludes radially inward flow of the fluid
composition 36 from an outer portion of the chamber 84,

20 except at the opening 96.

In FIG. 7B, the structure %94 comprises a wall or vane
which extends only partially between the walls 98, 100 of
the chamber 84. The structure 94 in this example does not
preclude radially inward flow of the fluid composition 36,

25 but does resist a change in direction from circular to

radial flow in the cuter portion of the chamber 84.

One inlet (such as inlet 88) could be positioned at a
height relative to the chamber walls 928, 100 so that the
fluid composition 36 entering the chamber 84 wvia that inlet

30 does not impinge substantially on the structure 94 (e.g.,

flowing over or under the structure). Another inlet (such
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conposition increases, or as a viscosity of the fluid decreases,

and/ or which functions to increasingly inpede circular flow of the
fluid conposition about the chanber as the velocity or density of the
fluid conposition decreases, 5 or as a viscosity of the fluid

i ncreases, may be used in keeping with the principles of this

di scl osure. Several illustrative schematic exanples of the
structure 94 are depicted in FIGS. 7A-J, with the cross-sectional
views of FIGS. 7A-G being taken along line 7-7 of 10 FIG 4B. These
vari ous exanples denonstrate that a great variety of possibilities
exi st for constructing the structure 94, and so it_should be
appr eci at@¥ FHatinIRE H4)nCoMlés bef PPRLE 1aned| a5 ud 3 kTR MSHdhéd to
use of arﬁ'o P Qiﬂearfliilrdl@bmp@s@@ﬂfjhggEGEh@@rizﬁlgttﬂ@e Clradtioir & i3l n

FIG 7A, structure 94 conprise r van mhlch xt.en
ot ween Uit Y Sl LB Re, Bite Rt e kPl RS e Y B o
t he chanﬁéwr684res'ﬁrse:astqaj¢1mrfé094wpnltihbs exaﬁpi@nqzﬂ@@mdé‘se (il | y

invard flouw.ofctdie,f Iy qnﬁgggngtbgntﬁg Erpmap-outer portion of the
chanber 84, "20 except at the opéning 96. In FIG 7B, the

structure 94 m{rrrrn@.eacq \@allel s@fru&@ﬂ@e%&cbo@giiﬁé% Wi gkpartial ly

bet ween t.he, | s 98, .1 84. Th ucture in this
ovamt o dieS TS Sostide PIaed MO ROEFELFE RSt s Elcw o2
conp05|tlthe:ﬁiuxﬁsdmmpqua;one§ﬁsframchhﬂgeut$mcp¢1ﬂxqunoﬂrﬁhﬂ

circular Lomadi &l flayd %t%:ﬁl%tﬁ%el’azlp%t tﬁﬂs 0dxd hapelkBhqg One
inlet (such as inlet 88) coul E03|t|one at_ a gH} relatlve to
t he éﬁanﬁ%?m%%ﬂqQQYQSHTf@6t§élgﬁape Keer| &g %%%ﬁ%s?§1 & i ng

t he chanmbetanBservisa ,t baid maletxtend inwardly from both walls.

In FIG. 7D, the structure 94 comprises multiple
circumferentially extending recesses and projections which
resist radially inward flow of the fluid composition 36.

15 Either or both of the recesses and projections may be
provided in the chamber 84. If only the recesses are
provided, then the structure 94 may not preotrude inteo the
chamber 84 at all.

In FIG. 7E, the structure 94 comprises multiple

20 circumferentially extending undulations formed on the walls
98, 100 of the chamber 84. Similar to the configuration of
FIG. 7D, the undulations include recesses and projections,
but in other examples either or both of the recesses and
projections may be provided. If only the recesses are

25 provided, then the structure 94 may not protrude into the
chamber 84 at all.

In FIG. 7F, the structure 94 comprises
circumferentially extending but radially offset walls or
vanes extending inwardly from the walls 98, 100 of the

30 chamber 84. Any number, arrangement and/or configuration of
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30 does not inpinge substantially on the structure 94 (e.g., flow ng
over or under the structure). Another inlet (such as the inlet 86)
could be positioned at a different height, so that the fluid
conposition 36 entering the chanber 84 via that inlet does inpinge
substantially on the structure 94. Mre resistance to fl ow would be
experienced by the fluid 5 conmposition 36 inpinging on the structure.
In FIG 7C, the structure 94 conprises whiskers, bristles or stiff
wires which resist radially inward flow of the fluid conposition 36
fromthe outer portion of the chanber 84. The structure 94 in this
exanpl e may extend 10 conpletely or partially between the walls 98,
100 of thehe et |4 vaaes may éﬁt saadi nhar Be§rirdivHdt gl 1s. I n

FIG 7D, ghenstgid We 194 scenpeisesraul tiple circunferentially
extendi ng recesses and projections which resist radially inward fl ow

of the fluid comrxd.i e 36H,15hEi Ehencourbobh edmplisaecesedd and
proj ecti rQVis isA_t h e f | y. e [.egesses
are proviq%gndé,m%}h%glﬁﬁ% 5?1%%&:{13 e@gzﬁlngggné}flgﬁl?% rvfj e iln(%d(;’ t lgc chanber
84 at 5Sal |angthey garge, 1 Zhahdrchudndleengeg o | SEsldnfangssel t2en 36

ci rcunf er&mtd}@e{ﬂS@é exirendiing drduhall easat or8BEL Ofhd hsutvadd st 98, FERO
of the chanber, 84. Sinilar _to the_confiqguration of FI 70, the

Cndul at | TS e JEeesat aiAusPoPect PORLS IR 7 ‘Gitort fe Ccas
ei t her ortlmtfluwifd tdeeposdedses 3antdopkdpecakxdaslyegwadie praavi ded. | f

only the y&ecesses al € 23R qyi ded, then the structure 94 may not
protrude-gnto ﬂhe}%%aﬁééf 84 at all

10 The vane 102 could be configured so that it
accomplishes mixing of the fluid composition 36 received
from multiple inlets, increases resistance to flow of fluid
circularly in the chamber 84, and/or provides resistance to
flow of fluid at different axial levels of the chamber, etc.

15 Any number, arrangement, configuration, etc. of the vane 102
may be used, in keeping with the principles of this

disclosure.

The vane 102 can provide greater resistance to circular
flow of increased viscosity fluids, so that such fluids are
20 more readily diverted toward the outlet 40. Thus, while the
structure 94 increasingly impedes a flulid composition 36
having increased velccity, increased density or reduced
viscosity from flowing radially inward toward the outlet 40,
the vane 102 can increasingly resist circular flow of an

25 increased viscosity fluid composition.

One inlet (such as inlet 88) could be positioned at a
height relative to the chamber walls 98, 100 so that the
fluid composition 36 entering the chamber 84 wvia that inlet
does not impinge substantially on the structure %94 (e.g.,

30 flowing over or under the structure). Another inlet (such

as the inlet 86} could be positioned at a different height,
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In FIG 7F, the structure 94 conprises circunferentially extending
but radially offset walls or vanes extending inwardly fromthe walls
98, 100 of the 30 chanmber 84. Any nunber, arrangenent and/or
configuration of the walls or vanes may be used, in keeping with the
principles of this disclosure. In FIGS. 7G & H, the structure 94
conprises a wall or vane extending inwardly fromthe chanber wall

100, wth 5 anot her vane 102 which influences the fluid conposition
36 to change direction axially relative to the outlet 40. For

exanpl e, the vane 102 could be configured so that it directs the
fluid conposition 36 to flow axially away from or toward, the out] et
40. 10The39a‘Fﬁéa‘10tilecoﬁ}11HLdo§°6@Rf5|l§&P8d3§oe{11"1§¥1¥l$ %%o‘?ﬁﬂ%@%%ang
of the flthak chipasiddean idpineeecisviedchnomiyt opl €hé dEefsgtudcraases
resistance to flow of fluid circularly in the chanber 84, and/or

provi des resi strarCiés t & Il dleofetihgtdrat 2di £dwpehtenxd atnd-avaics of the

chanber, @}Pméﬁd%&yéﬂéiﬂé%'wa%r%%ﬁ@% oﬁ@ﬂih@é’r%'ﬂé&n tC of the

vane 102 may be used, in keeping th the principles of
di scl Ssur@istributgg apgit foe 8§ﬁ1pr6§|aét@F%%E%P9r¥Eﬁ%ﬁeﬁﬂ§a%qyer
circul ar éhdw of thenedded m&cgsrhytﬁkal ds, wseld hed samilt fdrnddls are

20 nore re dllg q:vert%f tqﬁ@rg ! EoﬁUt%eEh4o %@ &QI|€ t he
es a Sition

structure % Ihcreasingly inpe | ti d conpo 6 havi ng

i ncreased vel ogl tpg | RS eased s@%ﬂé‘chi‘e%ﬂ@&%ﬁ?sé@ S£QS5Hd %y ifdm
flowing radially, inward toward_the outlet 40, the_ vane can

i ncr easi r@yvn@&@l-ﬁh@m%mﬂ%mﬁbméﬁr2*30. ‘ﬁlé%a%%ml%%dcdsq HBES| ui d

conpawi timN, except that the openings 96 are distributed about the

wall midway between its upper and lower ends.

Additional configurations of the flow chamber 84 and
structures 94 therein are representatively illustrated in
FIGS. 8A-11l. These additional configurations demonstrate

15 that a wide variety of different configurations are possible
without departing from the principles of this disclosure,
and those principles are not limited at all to the specific

examples described herein and depicted in the drawings.

In FIG. 8A, the chamber 84 is similar in most respects
20 to that of FIGS. 4A-5, with two inlets 86, 88. A majority
of the fluid composition 36 having a relatively high
velocity, low viscosity and/or high density flows into the
chamber 84 wvia the inlet 86 and flows circularly about the
outlet 40. The structures 94 impede radially inward flow of
25 the fluid composition 36 toward the outlet 40.

In FIG. 8B, a majority of the fluid composition 36
having a relatively low velocity, high viscosity and/or low
density flows into the chamber 84 wvia the inlet 88. One of
the structures 94 prevents direct flow of the £luid

30 composition 36 from the inlet 88 to the outlet 40, but the
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One inlet (such as inlet 88) could be positioned at a height relative
to the chanber walls 98, 100 so that the fluid conposition 36
entering the chanber 84 via that inlet does not inpinge substantially
on the structure 94 (e.g., 30 flow ng over or under the structure).
Anot her inlet (such as the inlet 86) could be positioned at a

di fferent height, so that the fluid conmposition 36 entering the
chanber 84 via that inlet does inpinge substantially on the structure
94. In FIG 71, the structure 94 conprises a one-piece
cylindrical -shaped wall with the openings 96 being 5 distributed
about the wall, at alternating upper and |ower ends of the wall. The
st r uct ur ef Dl uorpebdsd ties) ednsgaBélvechange @hveviion ©8 f10 of the

ch?nbgr_ %rou%d eaacﬂ rﬁ]fltﬁe_ E;i’:iru'bh?rééh Ufﬂéﬁ@, 9? ﬁpc_smrf'lzelsseiss@r%e”-&i ece
cylindrical -shape . Ssimlar to a epl cted in ,
rcent t rate ret it $a0, BBung: 1 ERh: CRRRAHERE (T T T dway

bet ween its upper d J,o e ditli i qurat] of
the flow chanbpfel} Fﬁ'ar#&'ﬁ%&c?&%@%%f%hgge%%ﬁg?%}rlgrgﬁiﬁeds%nt%%p\%reélif

i |1 ustratted thatFIESFISA-1PA ®h8sevwatbi & shagleohtlgfurdii onde fluid
derm_nst r aécﬁnﬁés,itﬂc’ﬁn @Mr&%iﬁ%r bekélati%i{zeﬁf@lﬁ @@I’&éﬂiﬁ,?tﬂ&ﬂs are
possi bl e wi t hout dg@l |n%&gafglthe 9F%TCI$|GS of this disclaosure,
and t hose" PrSHti el P& FRELEYaf 13VF 105 NS e ST &dafiPes
descri bedcerisietarit depl clledsi nirheldraw algsut | thd-ldmt1dA, 4the The
chanmber 84 j - l@r sl t S 5 wth
two inl etsfslt%% 38. 9% e grﬁ:%?’yr(%?'%tgﬁglf f'ﬁ‘?#%o%rpf%éi% oﬁie?c,;gﬂﬁgﬁ ng a

r el atlifvel SOMRQYH: Ao it FOWPEH FhecBeFL§tah@l/ or hi gh density flows
into the chamher 84 vi ularly about the

out l'et 40, Thesb et § ets?:glﬁl ?hﬁiégg?ﬁﬁgaﬂ@g?n%céﬁﬁa‘f%%%f

relatively low velocity, high viscosity and/or low density
flows into the chamber 84 via the inlet 86. The structure
94 prevents direct flow of the fluid composition 36 from the

15 inlet 88 to the outlet 40, but the fluld composition can
readily change direction to flow around the structure and
through the copening 96 toward the outlet. Thus, a flow
resistance of the system 25 of FIG. 9B is less than that of

FIG. 2A.

20 It is postulated that, by preventing flow of the
relatively low velocity, high viscosity and/or low density
fluid composition 36 directly to the outlet 40 from the
inlet 88 in FIG. 8B, or from the inlet 86 in FIG. 9B, the
radial velocity of the fluid composition toward the outlet

25 can be desirably decreased, without significantly increasing

the flow resistance of the system 25.

In FIGS. 10 & 11, the chamber 84 is similar in most
respects to the configuration of FIGS. 4A-5, with two inlets
86, 88. Fluid composition 36 which flows into the chamber
30 84 via the inlet 86 will, at least initially, flow

circularly about the outlet 40, whereas fluid composition
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25 the fluid conmposition 36 toward the outl et 40. In FIG 8B, a
majority of the fluid conposition 36 having a relatively | ow

vel ocity, high viscosity and/or |ow density flows into the chanber 84
via the inlet 88. One of the structures 94 prevents direct flow of
the fluid 30 conposition 36 fromthe inlet 88 to the outlet 40, but
the fluid conposition can readily change direction to flow around
each of the structures. Thus, a flow resistance of the system 25 of
FIG 8B is less than that of FIG 8A In FIG 9A the chanber 84 is
simlar in nost respects 5 to that of FIGS. 6A & B, with a single

inlet 86. The fluid conposition 36 having a relatively high velocity,
| ow vi scogitish anldywst itgh tdenshepberovsai hhe inbet hadrberl 848 haw moxe

inlet 86 anekdd oS didrellard YBughewt the outlet 40. The structure 94
i npedes radially inward flow of the fluid 10 conposition 36 toward

the outlet 40.Multipld rup-Gik@Bstirhethesdocoaposdison 13 dhibeg:ta
rel ativelyl gggla‘éﬁ!e Y o5 h'tgl% g&acoﬁbt 039%8&%:2%99&1?& H&’uf;ig;‘%% Into
et 86. re I'rect

the chanber viia'the in ““Thé sfruc . prevents
flow &f tslerddtiinks emodicacieded3anf cbem echamhsr | it ethgFIG. tHe out | et

40, bgtth%ﬁtﬂgutﬁ&@mosi@e@@ @ﬁeyﬁeagbgyggh@m%e%x@éfﬁfiitmg qtn}‘ﬁe;aw

ar oun e, structur.e an ro R e openin (0] r e ou et.
o S Gt B e T B o PR PP oo & GHROEE |1 AHrat ha
of FIG 94 wHri tle fustid asbegoshationbiaprevéettemsdd ome lafcitthyg

rel ati vel \. i hi i 0Sj (o) ensi Jui d
conposi ti%#%scﬁ%r cez’gt %Stlgly?%g&éétgl g%%%é?%i%n%ﬁ? %%%)ﬂ] e?%é:k{lﬁuﬂ G

8B, € frepAne iteStgRatNyrerGo49pant heneatiPal te e ottt 25 thge flioWi d

conposi ti®n tomarid-diRe 1ot Mellocity, high viscosity and/or low
density fluid in the chamber 84, even though the structures
do not significantly impede circular flow of relatively high
velocity, low viscosity and/or high density fluid about the
15 outlet 40.

Many other possibilities exist for the placement,
configuration, number, etec. of the structures 94 in the
chamber 84. For example, the structures 24 could be
aerofoil-shaped or cylinder-shaped, the structures could

20 comprise grooves oriented radially relative to the outlet
40, ete¢. Any arrangement, position and/or combination of
structures 94 may be used in keeping with the principles of

this disclosure.

It may now be fully appreciated that this disclosure
25 provides several advancements to the art of regulating fluid
flow in a subterranean well. The various configurations of
the variable flow resistance system 25 described above
enable control of desired and undesired fluids in a well,
without use of complex, expensive or failure-prone

30 mechanisms. Instead, the system 25 is relatively
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25 can be desirably decreased, without significantly increasing the
flow resistance of the system 25. In FIGS. 10 & 11, the chanber
84 is simlar in nost respects to the configuration of FIGS. 4A-5,
with two inlets 86, 88. Fluid conmposition 36 which flows into the

chanmber 30 84 via the inlet 86 will, at least initially, flow
circularly about the outlet 40, whereas fluid conposition which
flows into the chanber via the inlet 88 will flow nore directly
toward the outlet. Mul tiple cup-like structures 94 are

di stri buted about the chanber 84 in the FIG 10 configuration, and
multiple 5 structures are located in the chanber in the FIG 11
conf i gur aton giittexwastd werduiesxeensanei her pasfingt y ¢pgeriee Gncul ar

flow of theidddlid coMPOS tian b cabaubpbher okl et 40 when the fluid
conposition has a decreased velocity, T1ncreased viscosity and/or

decr eased densrie¢/.adovd Miscl@stmangiovilessts U’@I&@I‘@J&t o eanddrct i on
to stabil Z8 the fl.ow of relatlggl¥ Iom/veIOC|t h V|scosHHy

and/ or Io%/ ensﬁlS W 59 the chanﬁer5§4lneven ??KMKﬁF%%? ©
st ructdur e%hﬁdmmem@uﬁncdalldﬁl-%yal Apedechambet a84 f tlovpwudh rdligth vel y

high vel ogiids dWBIL TGRS t3)6 @@%@r hirgh @lﬁa\%éy g4 uigh ahoute e oha
outlet 40, Many other possibilities exist for t erﬁaacenent

conflgurai4¥ﬁF %ﬁjnﬁ%ﬁ %H<9ut&Fttﬁ8 sBRACRbr L2293l FHF tHe WHAHFe 4.
For exanpiteicH hmp_ﬁdasctaurcﬁ:sm@é cevimdchbecaesof H1dw shiapadee dfluid

cyl i nder-g é}?gg 60 Lhe 3t%h M @FeC ngﬁego OLR' |58 DF PNES t%rda%tt e

radially relative to e outlet 4 ny arrangement, position
and/ 80 combikfift i9%h of structures 94 nmay be used in keeping with the

rinciples of thls di scl osure.
P P fluid compositicon 36 can flow through the flow

chamber 84 in the well.

The structure 94 can increasingly impede a change from

circular flow of the fluid composition 36 about the ocutlet

15 40 to radial flow toward the outlet 40 in response to at
least one of a) increased velocity of the fluid composition
36, b) decreased viscosity of the fluid composition 36, c)
increased density of the fluid composition 36, d) a reduced
ratio of desired fluid to undesired fluid in the fluid

20 composition 36, e) decreased angle of entry of the fluid
composition 36 into the chamber 84, and f) more substantial

impingement of the fluid composition 36 on the structure 94.

The structure 94 may have at least one opening 96 which
permits the fluld composition 36 to change direction and
25 flow more directly from the inlet 86, 88 to the outlet 40.

The at least one inlet can comprise at least first and
second inlets, wherein the first inlet 88 directs the fluid
composition 36 to flow more directly toward the outlet 40 of
the chamber 84 as compared to the second inlet 86.
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It may now be fully appreciated that this disclosure 25 provides
several advancenents to the art of regulating fluid flowin a

subterranean well. The various configurations of the variable flow
resi stance system 25 descri bed above enable control of desired and
undesired fluids in a well, w thout use of conplex, expensive or

failure-prone 30 nechanisns. Instead, the system?25 is relatively
straightforward and i nexpensive to produce, operate and nmaintain, and
is reliable in operation. The above di scl osure provides to the
art a variable flow resistance system 25 for use in a subterranean
well. 5 The system 25 includes a_flow chanber 84 through which a

flui d conposi tThh &6 Y936iks OFhé rdlRE&nBer 82MRESSaF Pebste oW f et 86,
88, an outh®ic 4% . and at | east one structure 94 which inpedes a
change fromcircular flow of the fluid conposition 36 about the
outlet 40 to red atfdawreowar thatyheohProstl et Udast one dihe fauiad
conposi ti ow t hrough the flow chanber 84 in the well.

The struc";?rl[i}jrl ?QICAéaécbaJ’né increasingly inpede a change fromcircular flow

of the fluid opqmasitiamr36 sabaul, Lhejautl st 18,40 4k rodi Alwddaw
toward the c(1:)utlet 40 in response to ag | east one of v"rﬁi%l creased

vel oci ty ANMFAAY IEHGEVE 57 36¥2b) dBer A eRfF APt Fhe
fluid conpositjon 36,. £).incre nsi.ty of t fl.uid ¢ osi.tion
36, d) a reducrf‘ehde raulzl(g1C or mgj(eéssil%gggf ggl ﬁaYoe}ﬁﬁ%e@?‘? eéc}l%rﬁauﬁrgrglans‘%lﬁe

fluid 20 Pohpositstot BN @) ddeecsasadvhhghechingss riasdd tdre & lugitd o

conposi t i 9N Rbsi P f1he chabete84reand1fi) a s ecisdibst @ i @mposition
i nmpi B_gement of the fluid conposition 36 on the structure 94. The

structur e3‘§‘4_ may have at |east one opening 96 which permts the

1, comostLign 36,5 cehaes gt peck A0, “p.dulle iU ) Tl
the inlet 86, 88 to the outlet 40 as the wviscosity of the
filuid composition 36 increases, as the velocity of the fluid
composition 36 decreases, as the density of the fluid

15 composition 36 decreages, ag the ratio of desired fluid to

undesired fluid in the fluid composition 36 increases,
and/or as an angle of entry of the fluid composition 36

increases.

The structure 94 may reduce or increase the velocity of
20 the fluid composition 36 as it flows from the inlet 86 to
the outlet 40.

The above disclosure also provides to the art a
variable flow resistance system 25 which comprises a flow
chamber 84 through which a fluid composition 36 flows. The

25 chamber 84 has at least one inlet 86, 88, an outlet 40, and
at least one structure 94 which impedes circular flow of the

fluid composition 36 about the outlet 40.

Also described above is a variable flow resistance
system 25 for use in a subterranean well, with the system

30 comprising a flow chamber 84 including an outlet 40 and at
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The at | east one inlet can conprise at |east first and second inlets,
wherein the first inlet 88 directs the fluid conposition 36 to flow
nore directly toward the outlet 40 of the chanber 84 as conpared to
the second inlet 86. The at | east one inlet can conprises
only a single inlet 86. The structure 94 may conprise at | east
one of a vane and a recess. 5The structure 94 may project at |east
one of inwardly and outwardly relative to a wall 98, 100 of the
chanber 84. The fluid conposition 36 may exit the chanber 84
via the outlet 40 in a direction which changes based on a ratio of
desired fluid to undesired fluid in the fluid conposition 1036.

The fl ui dled¥powia i VI BEUNEy | slhviebr sedisbet & ycharge tHe a rfliate®6,0m88

to the outfet14p & 4 fﬁdﬂé%ﬁ?b)é&&ohh%f t 8l & OPRO Shild it 3D . The
i ncreases,_ as_the Ve|OCII{§ he flubd cong§5|t|on 36 gfcreases

the densit{*Hf SH®ITEHP 608H§8§FtF [ $B20BeT edt el ALTIREYSRN @
desired filow wioiaindésinget based on theatlioi df coapsed i ORb to

I ncreases,, and{,0ly a@hﬂ?ﬂ %@lg't‘?le‘)fflgl%hrxo{a{a %E‘&éﬁ%é’ conposi tion 36

i ncreases. e structure uce or iIncrease the

velocity of 20pdderifi]iy %cﬁr@:@%@%llbhoﬁe;?’ﬁa?Sekitf*&l@e!"scﬁa[rﬂiﬂﬁ hed Mt 86
to the outlet 40. abqve di scl osure al so §%§V|des to the art

a var.ab|%u1ﬂ%fw4r0es%taar¢eéfe§§§f>8 WHECRNFRARSBAPISRS A 17 G Ctarer
84 t hr ougiesthieah Aldildlite cokpesiredonl86df lowshe Thruid composition

36.

10 The structure 94 can impede a change from circular flow
of the fluid composition 36 about the outlet 40 to radial
flow toward the outlet 40.

The structure 94 may have at least one opening 96 which
permits the fluid composition 36 to flow directly from a
15 first inlet 88 of the chamber 84 to the outlet 40. The
first inlet 88 can direct the fluid composition 36 to flow
more directly toward the outlet 40 of the chamber 84 as

compared to a second inlet 86.

The opening 96 in the structure 94 may permit direct
20 flow of the fluid compeosition 36 from the first inlet 88 to
the outlet 40. In one example described above, the chamber

84 includes only one inlet 86.

The structure 94 may comprise a vane or a recess. The
structure 94 can project inwardly or outwardly relative to
25 one or more walls 98, 100 of the chamber 84.

The fluid composition 36 may flow more directly from an
inlet 86 of the chamber 84 to the outlet 40 as a viscosity
of the fluid compositicon 36 increases, as a velocity of the
fluid composition 36 decreases, as a density of the fluid

30 composition 36 increases, as a ratio of desired fluid to
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25 chanber 84 has at | east one inlet 86, 88, an outlet 40, and at

| east one structure 94 which inpedes circular flow of the fluid
conposition 36 about the outlet 40. Al so descri bed above is a
vari able flow resi stance system 25 for use in a subterranean well,
with the system 30 conprising a fl ow chanber 84 including an outl et
40 and at |east one structure 94 which resists a change in a
direction of flow of a fluid conposition 36 toward the outlet 40. The
fluid conposition 36 enters the chanber 84 in a direction of flow

whi ch changes based on a ratio of desired fluid to 5 undesired fluid
in the fluid conposition 36. The fluid conposition 36 may exit
t he chanberdesaredeoutd amn Ahe Alaidi cewppaht b che clgiREsdrasad M a

ratio of gesid es fézwxz{, ter yndeshied tbibdsipibhesd | L LmRoSidi o
han e fromcircular flow of the

36. 10The struct can i.npede
fluid conpdstis ﬁéigfﬂmosﬁﬁéoé}u??etmﬁé PETFEHI AP FHOW POt ® e

outl et 40dedtmmstsucture 94 nmay have at | east one opening 96 which
permts the fluid conposition 36 to flowdirectly froma 15 first
i nl et 588 of tHhHIHEt S ¢ mhy oncdlee BOrtives f¢F sthe Mlaid®8 can

di rect tf@bﬁﬁé&i%‘%ﬂﬂ%%ﬂdﬂﬂ%ﬁ %@o%ocikeﬂ&aPi? Sheectine tanard the o
outl et 40 of the chaqﬁé{ as._co g second inlet 86. The
openi ng 9T YR & "‘Urcérr%?lﬁﬁ FH‘“E H]P‘?e‘&‘ﬂ 4w d"% he fluid
conp03|tlﬁtr&ﬁtdﬁ&naqlpzdfanmblynhape88st@ th@n@mtfmmmzﬂlrdqiaanélow
exanpl e dgsary bed ahove, a8 1 AaMeer 484, L nelydes: P Ya Png I/ AL 186-

10 flow toward the outlet 40.

Also described by the above disclosure is a variable
flow registance system 25 which includes a flow chamber 84
through which a fluid composition 36 flows. The chamber 84
has at least one inlet 86, 88, an outlet 40, and at least
15 one structure 94 which impedes a change from circular flow
of the fluid composition 36 about the outlet 40 to radial
flow toward the outlet 40.

The above disclosure also describes a variable flow

resistance system 25 which includes a flow path selection

20 device 52 that selects which of multiple flow paths 58, 60 a
majority of £luid flows through from the device 52, based on
a ratio of desired fluid to undesired fluid in a fluid
composition 36. A flow chamber 84 of the system 25 includes
an outlet 40, a first inlet 88 connected to a first one of

25 the flow paths 60, a second inlet 86 connected to a second
one of the flow paths 58, and at least one structure 94
which impedes radial flow of the fluid composition 36 from
the second inlet 86 to the outlet 40 more than it impedes
radial flow of the fluid composition 36 from the first inlet

30 88 to the outlet 40.
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The structure 94 nmay conprise a vane or a recess. The structure 94
can project inwardly or outwardly relative to 25 one or nore walls
98, 100 of the chanber 84. The fluid conposition 36 may fl ow
nore directly froman inlet 86 of the chanber 84 to the outlet 40 as
a viscosity of the fluid conposition 36 increases, as a velocity of
the fluid conposition 36 decreases, as a density of the fluid 30
conposition 36 increases, as a ratio of desired fluid to undesired
fluid in the fluid conposition 36 increases, as an angle of entry of
the fluid conposition 36 increases, and/or as the fluid conposition
36 inpingenment_on the structure 94 decreases. 5The structure 94 may

i nduce porti onst ofs thfe He yinfegskpesi theh BBeWRRERORS oW ETRERR ar | vy
about t hegousitt BhedQBd <oty Mee utalfikew ehroalashy abnidcddieorput!| et
40. The structure, 94 pre enab%%_iggeges.a C aﬁge fron1q;rc | ar fl%w
of the flie HIpdTtitif 3 YE5GEY hebuEPREe40 YO radt & 11 &R

t owar d t hen omtietusiGzonfiguratlisnsdewcthbetd 8Bypéheimbofeonditdst osure is
a varizab mﬁ:ﬂ&%ﬁé!éﬂ AL GRSkl AP sWhbERrENCl phe S dd Quk fhanmber 84
t hrough which a fluid conposition 36 flows. The_chanber 84 has at

| east onelthiirdwd dgt e srerérgsoarandericredsind sieiriigdict ure
94 ng ch hepedesaa ohanged l’cﬁmu@ie]l:fﬁﬂll appllowt 0dné her fihe breiorgaqsicts ﬁn
36 about e.outlet .40 to radi. W : t 0. s e The
above di s% o%lfﬁ ec{la cslé:’ yeser iwg‘elghaa\%gr F%g}/\gi‘%f%%vgrgé;iAsr%nsg“’eecslyfs %em 25
whi ch i ncflefdesl s df dleqset lembeldémenda - 20 device 52 that sel ects which
of multiple flow paths 58, 60 a majority of fluid flows through from
the dévice 52,0hdLBHsn & PRESENOF élé%?%eﬂnﬁ]&‘? P¥o UM BRPTF Bui d
in ? LI ui@hf@m)]ol SddrisamiedGc iAnf b@\AfltﬁhaabefreSAe@o‘:rfjﬂﬂeicﬁysifﬁm 25 f

i ncludes an ou t 40, _a first _inlet nne ta a firs ne o

25 the fI%e ”"bea%%ngt%tolg’ea egébggﬁ eiﬂﬁF’ét rggd%g naeéégedmt%ea tshgctoﬁlnél%gne of
the flowmpedisiasicnm addigdasnseneubsticnuien9dd dhiechidnmedes! r adi al

flow of thedd Wirh GRIPesH! eNm3Bel LM LBSe s§@§ﬂfiﬂ &ﬁ%&ﬁrﬂe@lttéliand
e uid composition

ggtiﬁ%nfgﬁgg¥§#%$%¥ﬁ%%¥£ggg%%§nr%ggagcé£gwé the principles of
present disclosure. Accordingly, the foregoing detailed
description isg to be clearly understood as being given by
way of illustration and example only, the spirit and scope
of the present invention being limited sclely by the

20 appended claims and their equivalents.
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30 88 to the outlet 40. It is to be understood that the various
exanpl es descri bed above nmay be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and in
various configurations, w thout departing fromthe 5 principles of

t he present disclosure. The enbodinents illustrated in the draw ngs
are depicted and descri bed nerely as exanpl es of useful applications
of the principles of the disclosure, which are not limted to any
specific details of these enbodi nents. 100F course, a person skilled
in the art would, upon a careful consideration of the above
description of representative enbodi nents, readily appreciate that
many nodi fi cat I dHATMERs IS4ubst i t uti ons, del etions, and ot her
changes may be made to these specific enbodi ments, and 15 such
changes are within the scope of the principles of the present

disclosure. Accordipngly. the 9ranlng.dehal!ed. descriplian s Lo be
clearly understood as being given By way of "iT{ustration and exanpl e
only, theswpigitangsd sedge bhet BEFspeusepnPr hvErdi on being linmted
solely by the 20 appended clainms and their equivalents. A WHAT | S
CLAIMED | s: @ flow champex; §hreupfowft €liat hhedd SRS tdreruddoms a

subt er r angen oinbert BRVSYySt @M teapti Shé0inlet, an outlet, and at
least one structure which impedes a change from circular
flow of the fluid composition akout the ocutlet to radial
flow toward the outlet.

10

2. A variable flow resistance system for use in a

subterranean well, the system comprising:

a flow chamber through which a fluid composition flows
in the well, the chamber having at least one inlet, an
15 outlet, and at least one structure which impedes circular

flow of the fluid composition about the outlet.

3. The system of ¢laim 1 or claim 2, wherein the
fluid composition flows through the flow chamber in the
20 well.

4, The system of claim 2, wherein the structure
increasingly impedes the circular flow of the fluid
composition about the outlet in response to at least one of

25 a) decreased velocity of the fluid composition, b) increased
viscosity of the fluid composition, ¢) an increased ratio of
desired fluid to undesired fluid in the fluid composition,

d) a decreased angle of entry of the fluid composition into



5a fl ow chanber through which a fluid conmposition flows, the chanber
having at | east one inlet, an outlet, and at |east one structure
whi ch i npedes a change fromcircular flow of the fluid conposition

about the outlet to radial flow toward the outlet. 10 2. A
vari able flow resi stance systemfor use in a subterranean well, the
system conpri si ng: a flow chanber through which a fluid
conposition flows in the well, the chanber having at | east one inlet,
an 15 outlet, and at |east one structure which inpedes circular flow
of the fluid conposition about the outlet. 3. The system of

claim1 or claim?2, wherein the fluid conposition flows through the
fl ow chanbke F¥ev éapdpagsl land e) an jncrpeseysimpirdendnti mD theherein

the structuigyidsiRasingy dnpedesti-hecghecul ar flow of the fluid
conposition about the outlet in response to at | east one of 25 a)

decreased velocity of the fluid conposition, b) increased viscosity
of the fluid conposition, ¢c) an increased ratio of desired fluid to
undesi red fl ui%® i n THee sylsgieth oénpdsini Bn, widgraimethe asadicanglee hefe
ent ry -of i ng’%l I L at,0 I chpher nﬁggjs : N

i ncr egsedé?rerlp%aln%de_?rjer%?, f tltrlllgogllhgfqg %S?rggté%t% on thec%tr,ucltecgjlf.gl. tSO.
The syst eTHIIITIHITRE TR EES & 1OWemMStf udt tR et hast Bomttheddtl ednéo
openi ng Whehoysradts the fluid conposition to change direction and
flow nore directly fromthe inlet to the outlet.

6. The system of c¢laim 2, wherein the at least one

10 inlet comprises at least first and second inlets, wherein

the first inlet directs the fluid composition to £low more
directly toward the cutlet of the chamber as compared to the

second inlet.

15 7. The system of c¢laim 1 or claim 2, wherein the at

least one inlet comprises only a single inlet.

8. The system of claim 1 or claim 2, wherein the
fluid composition exits the chamber via the cutlet at an
20 angle which changes based on a ratio of desired fluid to

undesired fluid in the fluid composition.

9. The system of claim 1 or claim 2, wherein the
fluid composition flows more directly from the inlet to the

25 outlet as the viscosity of the fluid composition increases.
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6. The systemof claim2, wherein the at |east one 10 inlet conprises
at least first and second inlets, wherein the first inlet directs the
fluid conposition to flow nore directly toward the outlet of the
chanber as conpared to the second inlet. 157. The systemof claim1l or
claim2, wherein the at | east one inlet conprises only a single
inlet. 8. The systemof claim1l or claim2, wherein the fluid
conposition exits the chanber via the outlet at an 20 angl e which
changes based on a ratio of desired fluid to undesired fluid in the
fluid conposition. 9. The systemof claim1l1 or claim 2,
wherein the fluid conposition flows nore directly fromthe inlet to
the 25 outlet H3- tHg&istdam whofclepd £] ardoiadtipodi t Ve s Heridises.

10. The syBifdn @dmpdidich @lcGlsaimdrd, dMecelp themfink difospasd tdmen
flows nore djrectly fromt.he i%l%%%tglthg gutlet.as a %elocigy of the
fluid conpdsttt ot decieadesy 511 Fhé& ¥yt R thah 4% m 2,
wherein the fluid conposition flows nore directly fromthe inlet to
the outlet as an angle of entry of the fluid conposition increases.

1012. sThe system ofrid alyBrkaOloCabft21 YWRCEBLmIHE wherein the
fluid composition flows more directly from the inlet to the
outlet as an angle of entry of the fluid compositicn

increases.

10 12. The system of claim 1 or claim 2, 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.

15 13. The system of claim 1 or c¢laim 2, wherein the
structure reduces a velocity of the fluid composition as it
flows from the inlet to the outlet.
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fluid conposition flows nore directly fromthe inlet to the outlet as
aratio of desired fluid to undesired fluid in the fluid conposition
i ncreases. 1513. The systemof claiml or claim2, wherein the
structure reduces a velocity of the fluid conposition as it flows
fromthe inlet to the outlet. 14. A variable flow resistance
systemfor use in a subterranean well, the systemconprising: a flow
chanber including an outlet and at | east one 5 structure which
resists a change in a direction of flow of a fluid conposition toward
the outlet, and wherein the fluid conposition enters the chanber
in the direction of flow which changes based on a ratio of desired

fluid to undesjred fluid Eﬁ t fluid.conmposition. The
4

1 . 15.
system of cl aitf 14,2 WErs O% FEELFFB P ApEYREeR g%r}b%e o
ci rcul ar shlovefaridmn fhalild tcohwpeyisteancabpuistihe: outl et to radial
flowtoward the outlet. 1516. The system of claim 14, wherein the
structure has atfleasthagherodasiligingi ah pefhtt sard chankga st ome

circulsar £4aye@frd hgifdid GewROSI thaRgaboHt atherosti &l 40 fadl It a
flom1toma%f %ge outlet. 2017. The system of clqan116, wherein the
opening i ity composition toward t outlet, an
wherein the fluid composition enters the chamber in the
direction of flow which changes based on a ratioc of desired

fluid to undesired fluid in the fluid composition.
10

15. The system of claim 14, wherein the structure
impedes a change from circular flow of the fluid composgition
about the outlet to radial flow toward the outlet.

15 16. The system of claim 14, wherein the structure has
at least one opening which permits a change from circular
flow of the fluid composition about the cutlet to radial
flow toward the outlet.

20 17. The system of claim 16, wherein the opening in the
structure permits more direct flow of the fluid composition

from an inlet to the outlet.

18. The system of claim 17, wherein the fluid

25 composition flows into the chamber only via the inlet.

19. The system of claim 14, wherein the fluid

composition flows more directly from an inlet of the chamber
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structure permts nore direct flow of the fluid conposition from an
inlet to the outlet. 18. The system of claim 17, wherein
the fluid 25 conposition flows into the chanber only via the inlet.
19. The system of claim 14, wherein the fluid conposition flows nore
directly froman inlet of the chanber to the outlet as a viscosity
of the fluid conposition increases. 20. The system of claim 14,
wherein the fluid 5 conposition flows nore directly froman inlet of
the chanber to the outlet as a velocity of the fluid conposition
decreases. 21. The systemof claim 14, wherein the fluid 10
conposition flows re directly froman iplet_of .the chapber to the
out | et ast%nt%%g%tr%t étit Ay Vo ORe T & thS Ouifi SRR ks, 22.
The syst emmofeaxdes m 14, wherein the fluid 15 conposition flows nore
directly froman inlet of the chanber to the outlet as a ratio of
desired fluid to undesired fluid in the fluid conposition increases.
23. The system of claim 14, wherein the structure 20 increasingly

i npedes a chandfe: i TR rcbedn off cLRé™f Fdi dWBBHPHRI Erdnt ¥4ih circul ar
flhow of | t&l@n;ﬁdasﬂﬁciﬁormﬁ&g ;n@}eaﬂﬁﬂe_cgm? gubheint nT&atliof HoowHammird
t he outl et a velocity of the fluid.c osition increases, a

Vi scosi tyt%?tsrtlef'ueoﬁlueftd %Sor?pgse’qujféﬁydggr gggeg#u}i% %%@%Slo loeﬂnt ry of

t he decreases.

21. The system of claim 14, wherein the fluid
10 composition flows more directly from an inlet of the chamber
to the outlet as an angle of entry of the fluid composition

increases.

22, The system of claim 14, wherein the fluid
15 composition flows more directly from an inlet of the chamber
to the ocutlet as a ratio of degired fluid to undesired fluid

in the fluid composition increases.

23. The system of claim 14, wherein the structure
20 increasingly impedes a change in direction of the fluid
composition from circular flow of the fluid composition
about the ocutlet to radial flow toward the cutlet as a
velocity of the fluid composition increases, a viscosity of
the fluid composition decreases, an angle of entry of the
25 fluid compesition decreases, a ratio of desired fluid to
undesired fluid decreases, and impingement of the fluid

composition on the structure increases.
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25 fluid conposition decreases, a ratio of desired fluid to undesired
fluid decreases, and inpingenent of the fluid conposition on the
structure increases. 24. The systemof claim 14, wherein the
structure increasingly causes a change in direction of the fluid
conposition fromcircular flow of the fluid conposition about the
outlet to radial flow toward the outlet as a 5 velocity of the fluid
conposition decreases, a viscosity of the fluid conposition

i ncreases, an angle of entry of the fluid conposition increases and a
ratio of desired fluid to undesired fluid increases. 1025. The system
of claim 14, whereighd hg ShHCUEE A ACT 8aSERAe V! 06 ty Qfctifie fluid

conposition as it flows froman_inlet to_the outlet. 26. The system
of cl ai m IACTSHFARI Y tIFSKS Ge CHPBIESLPedbiERE 2O ePbcits Fftitche fl uid
conposi t i efnEssitidd dsonf rcdmcanarnFebwt 6ft bBe Of1hER . compositicdy. A
variable LLow rasi shancs systemiloreyse 1o a.supbersanean well, the
system conpri si ng: a flow pat SEl ection devite that sél ects
whi ch Sof Tededile i dlepdilivd da cerporltjonf detuiasds ovs TIFTREGHY odm 5
the devi cene basetl Qb dali®nofndeshted, f hii dngpe Undesidgd Jd wd in a
fluid co oshilon; and , . a fIOM/chgnber haV|q9d?n_out|eHmiaf|rst
inl et connEGted TGt 18KESBFPhB T dW Pat AT § to
connect eduttde @i st diidiighe nefrebbesf | ow pat hs, and at | east 10 one
structure which inpedes radial flow of the fluid conposition fromthe

second inlet to the outlet nore than it inpedes radial flow of the

fluid conposition fromthe first inlet to the outlet.
10 25. The system of claim 14, wherein the structure

increases a velocity of the fluid composition as it flows

from an inlet to the outlet.

26. The system of claim 14, wherein the structure
15 reduces a velocity of the fluid composition as it flows from

an inlet to the outlet.
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1528. The system of claim 27, wherein the structure has at |east one
openi ng which permts the fluid conposition to change direction and
flow nore directly fromthe first inlet to the outlet. 2029. The
system of claim27, wherein the first inlet directs the fluid
conposition to flow nore directly toward the outlet of the chanber as
conpared to the second inlet. 30. The systemof any of clains 1, 2,
14 or 27, 25 wherein the structure conprises at |east one of a vane
and a recess. 31. The systemof any of clains 1,2, 14 or 27,
wherein the structure projects at |east one of inwardly and outwardly
relative to a 'l of the.chambher. 532. The system of claim.z27,
wherein the stflict df €4S (HOPt FERESERACRSTTGTE tHmBBST (1D whi ch
fl ow circellaréyraran weid odtleetsystenonbimpuésingf | ow circul arly about
the outlet. 1033. The systemof claimclaim1 or claim27, wherein
the structure & ick¥afiatdl palpsédes de¥hangehdt ofetstletldiidl &f of the
fluid conpgstipna lﬂ.bﬁldtpalthlﬁ; Q;J?nbgbrﬁﬁyraﬂi giuiamé@yvaz;rd:c{]dge} fztﬂdnet
in response to at |east one of a)_ increased.velocjty.of the, fl.ui
Corpodt L1 OHE $7 ks SReSH P8 % SEGLPL §E Rt ISt e ot T) a
reduced ratuod ofn desilngd fdompdst.o iondesnded fluid in the fluid
conposition, d) a decreased angle of entry of the fluid conposition
into the flow&Hafberchamhgre paganpnaneastdet npt nepenhtinfet he f1uid
conposi t i @it 8 lUGHWe®. one of the flow paths, a second inlet

connected to a second one of the flow paths, and at least

10 one structure which impedes radial flow of the fluid
composition from the second inlet to the outlet more than it
impedes radial flow of the fluid composition from the first
inlet to the outlet.

15 28. The system of claim 27, wherein the structure has
at least one opening which permits the fluid composition to
change direction and flow more directly from the first inlet
to the outlet.

20 29. The system of claim 27, wherein the first inlet
directs the fluid composition to flow more directly toward

the outlet of the chamber as compared to the second inlet.

30. The system of any of claims 1, 2, 14 or 27,
25 wherein the structure comprises at least one of a vane and a

recess.
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20

chanber

34. The system of claim 27, wherein a structure in the
I ncreases a velocity of the fluid conposition as it flows to

the outl et.

10

15

20

31. The system of any of claims 1,2, 14 or 27, wherein
the structure projects at least one of inwardly and

outwardly relative to a wall ¢f the chamber.

32. The system of claim 27, wherein the structure
induces portions of the fluid composition which flow
circularly about the outlet to continue to flow circularly
about the outlet.

33, The system of claim claim 1 or claim 27, wherein
the structure increasingly impedes a change from circular
flow of the fluid composition about the outlet to radial
flow toward the ocutlet in response to at least one of a)
increased velocity of the fluid composition, b) decreased
viscosity of the fluid composition, c¢) a reduced ratio of
desired fluid to undesired fluid in the fluid composition,
d) a decreased angle of entry of the fluid composition into
the flow chamber, and e) an lncreased lmpingement of the

fluid composition on the structure.

34. The system of claim 27, wherein a structure in the
chamber increases a velcocity of the fluld composition as it
flows to the outlet.
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