VARI ABLE FLOW RESI STANCE SYSTEM W TH ClI RCULATI ON | NDUCI NG STRUCTURE
THEREI N TO VARI ABLY RESI ST FLOWV I N A SUBTERRANEAN WELL Thi s
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
subt erranean wel | . In a hydrocarbon production well, it is many
times beneficial to be able to regulate flow of fluids froman earth
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for all purposes.

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

15 provides for variably resisting flow in a subterranean well.

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

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., into multiple zones,
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.



5 ot her circunstances. According to the present invention there
is provided a variable flow resistance systemas defined in any one
of clainms 1, 2, 14 and 27. Further advantageous features are provided
as defined in the associ ated dependent clains. 10l n the disclosure
bel ow, a variable flow resistance systemis provided which brings

i nprovenents to the art of regulating fluid flowin a well. One
exanpl e is described below in which flow of a fluid conposition
resisted nore if the fluid conposition has a threshold | evel of an 15
undesi rabl e characteristic. Another exanple is described belowin
which a resistance to flow through the systemincreases as a ratio of
desired fluid trhdindesir edt il Ha appeetistsh GOMROSELEABeff £LAFES .
I'n one aspggt, }hi dlscggfure rOVI t e.art .a 20 Y |abI§_row
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15 undesirable characteristic. Another example is described

below in which a resistance to flow through the system
increasesg ag a ratio of desired fluid to undesired f£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 £luid 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 fluld composition flows. The chamber has at
least one inlet, an outlet, and at least one structure which

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



10 and at | east one structure which resists a change in a direction
of flow of a fluid conposition toward the outlet. The fluid
conposition enters the chanber in a direction of flow which changes
based on a ratio of desired fluid to undesired fluid in the fluid
conposition. 15l n yet another aspect, this disclosure provides a

vari able fl ow resi stance system which can include a flow path

sel ection device that selects which of nmultiple flow paths a majority
of fluid flows through fromthe device, based on a ratio of desired
fluid to undesired fluid in a 20 fluid conposition. The system al so

i ncludes a flow chanber having an outlet, a first inlet connected to
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dlrectlon of flow of a fluid composition toward the outlet.
The fluid composition entexs the chamber in a direction of
flow which changes based on a ratic of desired fluid to
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 conmected to a first one of
the flow paths, a second inlet comnnected 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 cutlet more than it impedes radial flow of the fluid
composgition 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,



10FIG 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 plan views of another 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 . FIGS. GA & B are schematic plan views of yet another

configuration of the variable flow resistance system 20FIGS. 7A-}j

are schematic cross-sectional views of various configurations of the
flow chanber, with FIGS. 7A-G being taken along line 7-7 of FIG 4B,
and FIG 711 being taken along line 714-711 of FIG 7G FIGS. 71 & J

are schemaih GuRISRERLLYS V1aWtQf afe LM dLHUALKOREe OfaSidudct Ur es
whi ch may Pe used in the fl ow chanber of the variable flow resistance

system ToUTes E8IngATHY SR JEMEREEFT P Fiews of additi onal

configurations of the flow chanber. Representatively
illustrated in FIG 1 is a well system 10 which can enbody principl es
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.72 is an enlarged scale schematic cross-sectional
view of a well screen and a variable flow resistance system

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

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 gchematic 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-C
being taken along line 7-7 of FIG. 4B, and FIG. 7H being
taken along line 7H-7H of FIG. 7C.

FIGS. 7I & 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.



string) is installed in the wellbore 12. Interconnected in 10 the
tubular string 22 are nmultiple well screens 24, variable flow

resi stance systens 25 and packers 26. The packers 26 seal off
an annulus 28 fornmed radially between the tubular string 22 and the
wel | bore 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.
Posi tioned between each adjacent pair of the packers 26, a well
screen 24 and a variable flow resistance system 25 are interconnected
in the tubular string 22. The well 20 screen 24 filters the fluids 30
flowwng into the tubular string 22 fromthe annulus 28. The vari able
fl ow resi stance system 25 variably restricts flow of the fluids 30

into the tubul j S i racterLsti t he
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The packers 26 seal off an annulus 28 formed radially
between the tubular string 22 and the wellbore section 18.
In this manner, fluids 30 may be produced from multiple
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
£luids.

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 froma formation, etc. It is not necessary for one each of the
wel | screen 24 and variable flow resi stance system 25 to be
posi ti oned 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 nunber,
arrangenment and/ or conbi nati on of these conmponents may be used.

It is not necessary for any variable flow resistance system 25 to be
used with a well screen 24. For exanple, in 20 injection operations,
the injected fluid could be flowed through a variable flow resistance
system 25, without also flowng through a well screen 24. It is
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uras, 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 systems 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.



15 maxi m zi ng production or injection of desired fluids, etc.
Exanpl es of the variable flow resistance systens 25 described nore
fully bel ow can provide these benefits by increasing resistance to
flowif a fluid velocity increases beyond a selected level (e.g., to
t her eby bal ance fl ow anong 20 zones, prevent water or gas coning,
etc.), increasing resistance to flowif 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 flowif a fluid 25 viscosity or
density increases above a selected level (e.g., to thereby mnimze
i njection of
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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 if a f£fluid velocity increases
beyond a selected level (e.g., to thereby balance flow among

20 zones, prevent water or gas coning, etc.)}, increasing
resistance to flow if a fluid wviscosity 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/oxr increasing resistance to flow if a fluid

25 viscosity or density increases above a selected level (e.g.,
to thereby minimize 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 example, if it is desired to
produce oil from a well, but not to produce water or gas,



15 representatively illustrated. In this exanple, a fluid conposition
36 (which can include one or nore fluids, such as oil and water,

| iquid water and steam oil and gas, gas 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 variable flow resistance system

25. A fluid conposition can include one or nore undesired or
desired fluids. Both steam and water can be conbined in a fluid
conposition. As another exanple, oil, water and/or gas can be

conbined in a fluid conposition. 25Fl ow of the fluid conposition 36
t hrough the variable flow resistance system 25 is resisted based on
one or nore characteristics (such as density, viscosity, velocity,
etc.) of tHeeR ¥UildGoApBEFiTTh C1PHE ARG YRCON5ES BREN2BD WdasieRd
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be used, 'Jcégg% 529'15 thereby filtered, and then flows into an inlet

t

20 38 of the variable flow resistance system 25.

A fluid composition can include ome or more undesired
or desired fluids. Both steam and water can be combined in
a fluid composition. As another example, ¢il, 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 is resisted based on one or more
characteristics (such as density, viscosity, velocity, etc.)
of the fluid compesition. The fluid composition 36 is then
discharged from the variable flow resistance system 25 to an

30 interior of the tubular string 22 via an outlet 490.

-



The variable flow resistance system25 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 systemmay 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 could be fornmed in a flat structure, etc. The system 25 coul d be
In a separate hou5|n% that is attached_ to the tubular string 22, or
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the more well screens, the fluid composition could be received

10 from or discharged into regions of a well other than an
annulus or a tubular string, the fluid composition could
flow through the variable flow resistance system prior to
flowing through the well screen, any other components could
be interconnected upstream or downstream of the well screen

15 and/or variable flow resistance system, etc. Thus, it will
be appreciated that the principles of this disclosure are
not limited at all to the details of the example depicted in
FIG. 2 and described herein,

Although the well screen 24 depicted in FIG. 2 is of
20 the type known to those skilled in the art as a wire-wrapped
well screen, any other types or combinations of well screensg
(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
system can include variocus passages and devices for
performing various functicns, as described more fully below.

30 In addition, the system 25 preferably at least partially
extends circumferentially about the tubular string 22, or



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 varies based on one or nore characteristics of the fluid
conposition. The system 25 depicted 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
mul tiple flow passages 42, 44, 46, 48. The fl ow passages 42, 44, 46,
48 direct the fluid 30 conmposition 36 to two fl ow path selection
devices 50, 52. The device 50 selects which of two flow paths 54, 56
a mjority of the flow fromthe passages_44, 46, 48 will enter, and
the ot her BBYi SEsS SelebEol GFTRh 8t 3t B 11| Dy At IBE, SBOUGEWES ori ty
of the flowntexmortdeetpdssagesrdf 4he 46buZdr Witddinegnter. 5The fl ow
passage 44 is configured to be nore restrictive to flow of fluids
havi ng hi gher virscll?g?eﬂfyﬁxifm@%\?%rf thecsygsed 4 seosiney eXbedd will be

i ncr easi ngtyré@stdricticad 11 hir g tdﬂ&uﬂo&@&kp@tsﬁa@e #bﬁ%om&ﬂl ihewein,

the term"yviscosd ty'.. i ed. 10,10 indicate any o e_rel at

t heol ogglncawégfo%era)t/ité%aﬁﬁél %ﬁflﬁcgtl‘krieﬁerrlg T EREE 6K tt?éle ?/Ysetl:%l“s rengt h,
vi scopl ast Fertd besdoraed temibRt weErabiret yetcet c ThFofYes@mA%e, the
fl ow passageu¥d v@y.nhaveepar@tatio®@livgsordt fd ewrachad thecHd ow

passage Wﬁtﬁc&i’l I rt.l.pls ££Uigr 1:1.5: fclo%}‘\L/i ngeFQP{eg'Etgﬁogghtﬂotft le-! QW52
tortuous path, surface>roughness or fow inpeding Structures Mmay be
used to provilde awtilger 88sed rasildeanée e faxw 6f hhgheabwlagcosity

fluid,1cet cetRalat i vakyshoveni ST agiuly bekubll,a hewepal, seaind leaw t hr ough

the flow passage £4 oMt Bt SLALINR! ¥ ol QY &R BLE"SE shape. 2ny
orientation or configuration of the system 25 may be used in
keeping with the principles of this disclosure.

Referxing additionally now to FIG. 3, a more detailed
15 cross-sectional view of one example of the system 25 is
representatively illustrated. The system 25 ig depicted in
FIG. 3 as 1f it is “unrolled” from its circumferentially
extending configuration to a generally planar configuration.

As described above, the fluid composition 36 enters the
20 system 25 via the inlet 38, and exits the system via the
ocutlet 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
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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 fl ow passage 48 is configured to have a fl ow
resi stance which is relatively insensitive to viscosity of fluids

fl owi ng therethrough, but which nay be increasingly resistant to flow
of higher velocity and/or density fluids. 30 Flow of increased
viscosity fluids nmay be increasingly resisted through the flow
passage 48, but not to as great an extent as flow of such fluids
woul d be resisted through the fIOM/Egssage 44. I n the exanple

depi ct ed iPRIFNGEY3 QLS l:bedﬂqﬂbvﬁm@ Shehpasgpoashd4f | 60 paSseigd 48 nust
flow tlhr OUgt e, \égﬁt eke h@ﬂ@éﬁeﬂ Qi’ev@.%ﬁpfslzoéelébttbewﬂﬁlcﬂi §§B@ﬁ&é_&(icimtﬁ a
contro e the flow path se ce ..ol nhce the
chanber ZT’)&;“St ﬁ-ﬁ%si géanprpae]%agl}; cy ﬁndflfcalcﬁoﬁa%ié’evf?%saaqecse ral
outlet, anﬁ4mh%5fﬁﬁlﬂlébwﬁﬁgﬁtlon 36 spirals about the 10 chanber,
increasing in v o%hgx as it nears the outlet, ven by a pressure

differential frx i RFRE29%D 4P Sofifh %guﬁq¢et8h 87 T s referred to
as a "vor twmetmiediver tol filot kel f@xanpl kayimndighenovesorsiftiyces Flow

venturis, 6‘@%%4&%%8&%1&@6/51 436das ledhe yeonhepebapassage 68

r n
term ate%régtgic%ggt hro&éh thé)flow passage 44.

As used herein, the term “viscosity” is used to
10 indicate any of the related rheological properties including
kinematic viscosity, yield sﬁrength, viscoplasticity,
surface tension, wettability, etc.

For example, the flow passage 44 may have a relatively
small flow area, the flow passage may require the £luid
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 wviscosity f£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
resistant to flow of higher velocity and/or density fluids.

30 Flow of increased viscosity fluids may be increasingly
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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 conposition 36

i ncreases, a greater proportion of the fluid conposition will flow

t hrough the fl ow passage 48, control passage 68 and control port 70
(due to the fl ow passage 44 resisting flow of higher viscosity fluid
nore than the fl ow passage 48 and vortex chanber 62), and as a 25
viscosity of the fluid conposition decreases, a greater proportion of
the fluid conposition will flow through the fl ow passage 44, contro
passage 64 and control port 66. Fluid which flows through the flow
passage 46 al so flows through a vortex chanber 72, which nay be

simlar torStTHRE FOreEghcHhbEo 6 PAESRER 0N BHe 06 FRET HBRGET 272
i n a pref eexechtexanillewpedvsutds flledsisr esudd drne eresd st kdwthtdigglettineough

than the vefégxLhamRens62), and is discharged into a central passage
74. The vortex chanber 72 is used for "inpedance nmatching" to achieve

a desired bal amme tofe tkomsldé Mapightethanf Fow mBsFagea ddowify 48.

5 through the flow passage 48 must flow 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 velocity as 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 contrel port 70 has a reduced flow area, in order to
increase the velocity of the fluid exiting the control
rassage 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 62), and as a

25 wviscosity 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 wvortex chamber 62 (although the vortex chamber 72 in a
preferred example provides less resistance to flow

_12._



5Not e that dinensions and other characteristics of the various
conmponents of the system 25 will need to be selected appropriately,
so that desired outcones are achieved. In the exanple of FIG 3, one
desired outconme of the flow path selection device 50 is that flow of
a majority of the fluid 10 conmposition 36 which flows through the

fl ow passages 44, 46, 48 is directed into the flow path 54 when the
fluid conposition has a sufficiently high ratio of desired fluid to
undesired fluid therein. In this case, the desired fluid is oil,

whi ch has a 15 higher viscosity than water or gas, and so when a
sufficiently high proportion of the fluid conposition 36 is oil, a

majority of the fluid conposition 36 which enters the flow path

sel ecti on HeRFK SO Fhabethf voasted £8P G2t o2pfRel s | e gharress,
i nst ead of intyd & tdeatthdWwpeddyb G4 . ThTEe 260 rest IchanBeacii evedisdde t 0
the fluid Lt 0 s part 7 at_-a
hi gher vel gaéll.tyl ﬁgﬁﬁﬁguﬁ%{%&@?néot %gﬂ%? e%{ %%?E‘ﬁgﬁa%%lr%q{c&fﬁt her eby
i nfl uenci ngtee Hrgrahf Fosi R porsedes pissdffes464, 68, 74 to flow

nore toward the fl o th,54. 251 f _the viscosit f the flui
Composi on a6 HesenbrBE, fimisaorr, shicpthen atatelar ot G dbsi ¢ e
fluid to urRigsiusegompongnts dieltbe avsetrciewildvekryd ke g eeileyptef
the fluid gemesiikianyyhésh it aesitbe Shawmat Brsebecidwy . devhce 50
will be dlt_[ectedmtp?' flg%#%}t% thIe1 flogv.lgeaéhu E(S: 30 %n te of IF#JO
the 1 ow path SATPTRI REWHT" Be HAE TooITE (TCA ExPE i T CHE " BREPol
port 66 atselaptdgnefeviaee T ist thathfipierof & veiryithart fihgi dlexéting
the otiver €QpPdsakiparts fbhidhenely tRfdupNaineg bR plsddbdd Qui nggfrom
t he passag i64, .g8bt7é :lt.r(ﬂ:of It?l\év gl[%e toé’i’?rs%ftw e fJF:| w autl. 56. It wll
be apprecia ed tdﬁafa, %y appr opri a a7 yPE-tont i"gar 13 t Oow passages
44, 46, 48;ommﬁi¢épnph%%aeg@1f%4pieet; Ydmdtolragéet ot glesized Eépridx
chanbers 62 ufdestbed, il reddcheinf desired to undesired fluid in the
fluid conposition 36 at which the device 50 selects either the flow

passage 54 or 56 tbisftoseofthe depbred yElofid lisi dilr orhikh thhe devi ce

can begssetpighatakhQuss tif fi@l@ntyat 8¥€bS.gas, and so when a
sufficiently high proportion of the £luid composition 36 is
oil, a majority of the fluid composition 26 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 control port

70 at a greater rate or at a higher velocity than f£luid
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 composgition 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
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The fl ow paths 54, 56 direct fluid to respective control passages 76,
78 of the other flow path selection device 52. The control passages
76, 78 termnate at respective control ports 80, 82. A central
passage 75 15 receives fluid fromthe fl ow passage 42. The flow
path sel ection device 52 operates simlar to the flow path sel ection
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 sel ecti on depends on a ratio of fluid discharged
fromthe control ports 80, 82. If fluid flows through the control
port 80 at a greater rate or velocity as conpared to fluid fl ow ng

t hrough the, control. port 82, then a majority of the fluid conposition
36 wi |l be T tEed LY bt SRRELDE 1%0tP8ENCBOCETY BIRE d

fl ows through thesrebontindlupering32 bat favgd ebleringattecnr the | mEdageas
conpared tg,fldd d i eu @go&hﬁ&éngﬁvQQdP?i:ﬂé r@l'oup%ratthBQG.the” a

majority of the fluid conposition 36 w be difected to flow through
the flow path 58 w30Al bboaghrdoiatetl thetf oW qpairdbpsebeely on devi ces

50, 52 ' i n,th tem 25 L0 Fl G 3 it
will bé ;;eac‘rg’g%%rgglg]t E %‘5‘5‘%’%%?8% AE 20T e8nlfolind % o8

sel ection i&fes CPRYTRE RREF 9P kdBpi NeFr % If eBRi fei ples &6F -t hi s
di scl osur echdhstdevotededbred2d hnbebi ad®dEIUidlia tBeafuiaf t he type
known to thgse SkislhedgSyt mﬁ'fk%f Ak éévihgé '%&’%%1‘;":%%:[&&4? he
anplifiers ut other types o I'ow path_sel ection devVvices (te. g.,
pressur e- t YR MagisdIrabt PR iFTeFioWHPE & AIOTEFY Of shhtichdgom

pr oporia onethe fdewiider abhob@ngdy fricekariehs.difmyrche Useelsn keepi ng
with the principles of this disclosure. 10Fl uid which flows through
the flow path Fheedlevsratiis df.chandere®d Shvddafhoi neereds wshi ch

dihrecL S n{) r@aﬂﬂﬂd:ildpbﬁs&@%@l’?é,hleiBCB&nbﬁé :gg{&rl daﬂlloyr b%ﬂﬁﬁéﬁﬂe&:lt'ibné g- g.,

t he chanber_ 84 is_sha simlar to a cyli ,.and.the inlet is

al i gned wi 43 5% 2Agent it CHEOL BRPERETE o/ Gt PhECEUIT AL
respective control ports 80, 82. A central passage 75

15 receives fluid from the flow passage 42.

The Fflow 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 cone 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 contrel 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 to fluid flowing
through the control port 80, then a majority of the fluid
compesition 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



15 As a result, the fluid will spiral about the chanmber 84, until it
eventually exits via the outlet 40, as indicated schematically by

arrow 90 in FIG 3. Fluid which flows through the flow path 60
enters the flow chanber 84 via an inlet 88 which directs the fluid to
20 flow nore directly toward the outlet 40 (e.g., in a radial

direction, as indicated schematically by arrow 92 in FIG 3). As w |
be readily appreciated, must |ess energy is consuned at the sane flow
rate when the fluid flows nore directly toward the outlet 40 as
conpared to when the fluid 25 flows |ess directly toward the outlet.
Thus, less resistance to flow is experienced when the fluid
conposition 36 flows nore directly toward the outlet 40 and,

conver sel yWikbrie rrgprscantedtehdt Gnyi suskeer (ierdedingeane heo ¥ [Rdicw

conposi ti opath ansldcedsndieectdy nandedubbe 30 kuddiel. wAEkotkhH ngly,
wor ki ng up from.t be. ou | es esi.stance to.flowis
experi ence}c%i{.%ﬁ%irpla Snngjkoplﬁ%g %Jfglt%erfel'ui %h%oc?rép%scl%{%i gﬁ’ 3%£f | ows into

t he chanbetlBesiyadieck BB FRFet3 g&e ofdthar Burmh ¥y Fewtpass Bdlled
A maj ors t yioftideudd uediebrppsd tilend3eat i ovendihirfaegs, t bet: fdumxpat h 60

when fl ui i 0 I : eat er locit
ns Compar iR Ay qob Prtl e PRice B, by fade S| LG NBLT Y
t he cont r of Lyt tragd owABRL AL Heyor ity s6pblaef ¥0id FWESRRRg from t he
passages 6Gdrof;tibhalll 6naid hranigh ambeiflevs patde H4mapk &) Wddd Mnof the

flund ! OO WsRe RASSAUES 4y 18 B s L SRR LD Ough the Tlow

path 54 when exits the control port 70 at a greater rate or
vel ociy as comuai@dwhech! £ ¢l )thrbaght fige CONW @atBOEE &bceMie fl uid

exits the ntrqol__port_70 when a_viscgsity. of t.he fluid c i_tion
56 15 anovblay cdrmBREef oy ¥ Inf6E O, tiH, diagetenbis JABRTLE' D
resi sted |eseMWidy chambexisPreompdsi troneBeiaidy dr - Uncridass ethamber
VIhSCOSI ;y §anik %r@b@d}}@imiﬁéﬂ ac0hb dosin@sr} %d&lgﬁél ﬁﬁﬂemilsa ds i d
therein). H.ow thro the system 25 is resiste r en .t he ui
comost 11 ci b y9iiia Ml B &0 et Pl iRl A BR" End N i) |
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 arrow 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 cutlet 40 as compared to when the fluid
25 flows less directly toward the ocutlet.

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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20Mbre resistance to flow is experienced when the fluid conposition
36 flows less directly toward the outlet 40 (e.g., as indicated by
arrow 90). Thus, nore resistance to flow is experienced when a
majority of the fluid conposition 36 flows into the chanber 84 from
the inlet 86, and through 25 the fl ow path 58. A majority of
the fluid conposition 36 flows through the flow path 58 when fluid
exits the control port 82 at a greater rate or velocity as conpared
to fluid exiting the control port 80. More fluid exits the control
port 82 when 30 a ngjority of the fluid flowing fromthe passages 64,
68, 74 flows through the flow path 56, instead of through the flow
path 54. A majority of the fluid flowing fromthe passages 64,
68, 74 fIo%etqﬁ%i;gﬁoﬂlﬁésﬁb‘i)?rﬁéﬁl%’smﬁéFPft} FrawPes 5 £ 1P Gher of
port 66 atimley edt,erntdatbBrouglyahecifllpwasaciomgoared to fluid exiting
the control port 70. Modre fluid exits the control port 66 when a

vi scosity of tHe mWjgirdtropposha ifdnidecruperl toora 3§efievadcimapsh As

descri bed apovEou RetBYSh emé&’é fimigoeki gyredk tcentgomrpartdend @%Sa

resi st%nc o flow hen.. th £ oc1 id conp 05|t| {]:hBQflPag an incr %ed

Vi scosHy, o]:rrt)rrgL Fest stance to fi ow%en urd=t n‘&% iI-on has
a decr ease@oﬂﬁ@owy 8Fhi More Fdmari exdrs vithen Clotltrgld@@ﬂ? &P wdhef| ow

nmore of a &"r@'ﬁfrl\tlysﬁﬂsthé' f]ld!ldj,flaﬂdn{:}eﬁﬁonoft}ﬁ bawssgys sSenSistsy fhui d
(e.g., 15 g:?{rohgflpgﬁgu& a%ho;j4 and | ess water or gas).
e5| e

If it is oW nor e of a1 dwer viscosity fluid, and | ess of
a hi gher viscogj mjawtg &€.-the MNiAr €ESwiky WI%QUEEe”}tPé %ad Iess

wat er , i e steam.and. | ess water e syste

may be % ea‘%ﬁ j%%ipggo F1Y d:hleoglPﬁl Ea%rsﬁoé" eaniluJeg

inl ets 86,c@8mdulbdrtoifent entdreaberr eyt sed vedoct hutad Ic:m@a\m:icho
flows throggh o ia_@;ltllﬁ Q@émo‘i&rbi biecéed twRrkherhphelx8% ward fluid

e UL R b AT S ot T
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 resisted 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 is 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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configuration of the flow chanber 84 is representatively illustrated,
apart fromthe remai nder of the variable flow resistance system 25.
The fl ow chanber 84 of FIGS. 4A & is simlar in nost respects to the
fl ow chanber of FIG 3, 30 but differs at least in that one or nore
structures 94 are included in the chanber. As depicted in FIGS. 4A &
B, the structure 94 may be considered as a single structure having
one or nore breaks or openings 96 therein, or as nultiple structures
separated by the breaks or openings. The structure 94 induces any
portion of the fluid 5 conposition 36 which flows circularly about

t he chanber 84, and has a relatively high velocity, high density or

| ow viscosity, tQ continue to flow circularly about the chanber, but
at | east oht®¥t WHEOUGHehPRgEI Y6 Bidtnrfs MBFEEA RfcERrPYRR ofe H oM ui d
conpositiopatiBathe inlet 88 to the outlet 40. 10 Thus, when the
fluid conposition 36 enters the other inlet 86, it initially flows
circularly in thasgRarber oB4tpdiuidhélovinetfxm thadraseaday $détur e

9? [ Ecr e?sbﬂglm I Swst Ehﬁbuc_irmnﬂited ﬁfl@waéﬂ@esé nmaﬁr emﬁ%@mﬁtg héef | ow
of the uid conpaosi ti oward the_ outlet., as -the,velocitv an r 15
densi t yg ofc?rht_:er r?ﬁ’lo.ttcggg%%i BT ner 53%%5# avne&Pg%t¥sa% ‘I%,?'#Ca&?%( ;gloof
the fluid EbmsbsiiitdRgdERe ea@dolTRETBpehi ndérr®6 flHodeseits pdenit t he
fluid conpeshtddin p3&tt osowmshial ki skbewgpbs alley d1owar dotbdita cautket

40. In FIG_A4A rel.ativel y -hi vel ocity, low viscosity 20 and/or
hi gh densi%@ﬂ?]ﬁﬁbacgg%%gl?%dﬁﬂg%”enters t he chanber 84 via the inlet

86. tSOfTE. O}C Ehgaéc s r€88R0RIdVON tRE BR¥r&h S35 Rt ebnElguLhaner 84
via the inlet .

, Jbut in this ex e, a substantial .nmajority .of the
1 ai 0 BonBaTH195h LBAE oF =17 SR LonELDY EIeH HeiPotiy of f out TP A GBnt | al
to the 25 3¢ dwschanbarreds¢diviisgiosytyi . and wreameangtanegd @ dédgwees
Chanber ) . D e R T e 56
initially ‘fﬁ?ﬁé“e%ii%ﬁ?g‘?”i’?}l dfodt FRETEEEI fﬁ?ﬁ’.“’ FoF Bt T 9867 1 s
pat h aboutvidwesdgyl dluid, amnk lelssi df canbosint ivdscggity fluid (e.g.,
15 1in order to produce more oil and less water or gas).

If it is desired to flow more of a lower viscosity
fluid, and less of a higher viscosity fluid (e.g., in oxder
fo 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
threugh 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, anothex
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 similar in most respects to the flow chamber of PFIG. 3,

30 but differs at least in that one or more structures 94 are
included in the chamber. As depicted in FIGS. 42 & B, the
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prevented, or at |east inpeded, fromchanging direction and flow ng
radially toward the outlet by the structure 94. The openings 96 do,
however, gradually allow portions of the fluid conposition 36 to
spiral radially inward toward the outlet 40. 5In FIG 43, a
relatively I ow velocity, high viscosity and/or |ow density fluid
conposition 36 enters the chanber 84 via the inlet 88. Some of the
fluid conposition 36 may al so enter the chanber 84 via the inlet 86,
but in this exanple, a substantial majority of the fluid conposition
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 th anber) e of the o gﬁ: s 96
al | ons t he® Tt W EortfoShYi'h %"é‘sf eFS f OV rﬁ)'Lrn@ i PEELFYFT SWthe

inlet 88 teng e owirkebrdgks Thuspenadgal 96 | Dwrefing hexf asimilddplesi ti on

36 toward $ie,Qire@t sdfatfcddiny %hé”’@l:@a}ké 6£Otop'éﬁ§h§§?d or inpeded
significantly by the structure 94. a portion of the relatively | ow

vel ocity, highi22 wksoosuty %ndﬁﬂucbsmﬂprmﬁmchl vEdtRonpasid i on 36

shoul d 1 g é[%r%cf#&' ?Fué‘saxl?f?iﬁh L3R BUEL £Ly A a%b%nge déﬂ]a%b%g‘e@hngs

96 WI|| nﬁgsmlonto rea rection and
f1 ow nore % &GS ¢ rehAFHVEHe bogty ge O%tasé-edugésdanvlr%%d%ﬁ tSP%of the
fluid conpasiddsdry36tbnecomaices, ter fasw2&i moudendyt ghott el citiayibet, t he

| nor easi gl paTe Che ol el e PrB o] ThEStTuLa, omaurtion2e

g
about thecgﬁéﬁﬁéﬁ 1gad %ﬁmﬂﬂ%%ﬁjophérPWuWQF(ﬁﬂﬁﬁﬁsﬁﬁlBﬂ ?Qﬁrﬁ%ﬁ%eFeéBrly
-changeaodi reuis, owhandthé ofl it avgboshei aperd rgee®6. the other inlet

86, it initially flows circularly in the chamber 84 about
the outlet 40, and the structure 94 increasingly resists or
impedes a change in direction of the flow of the fluid
composition toward the outlet, as the veloclty and/or

15 density of the fluid composition increases, and/or as a
viscosity of the fluid composition decreases. The openings
96, however, permit the fluid composition 36 to gradually
flow spirally inward to the outlet 40.

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

20 and/or high demnsity f£luid 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 fluid 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 directiocn and
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30Note that it is not necessary for nultiple openings 96 to be
provided in the structure 94, since the fluid conposition 36 could
flow nore directly fromthe inlet 88 to the outlet 40 via a single
openi ng, and a single opening could also allow flow fromthe inlet 86
to gradually spiral inwardly toward the outlet. Any nunber of
openings 96 (or 5 other areas of |low resistance to radial flow could
be provided in keeping with the principles 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 ciFEAUrNT mediadt Yt Hewgrdiitdec orpost thbihehstrvehieretSuct The i s
needed f oropdieirdddiiod a@enpnswdvat) eattheW{ nvElsy pbbiaeighs afe tofe t he
openi ngs. £ow | reci . t e LL.GUJ flow of
the fluid %%lr%pdo\s(,\%ci ggﬁggB?nfé; htg} %%éEQgAr%%aanlp e(?lrn g”é%ﬁt E&i?%sdrrgrh %

ener gy bei i ¥n$Pred at the sane flow rate and, therefore, nore

resistance to flo f e flui.d _conposition.as.conpared to the
xampl &of F a1 2y 2 e G ERT e Py Y DRt e e or
gas are unslediamedom dedsity Hamiid camppsbeicpPtechicsd thatchamber
vari atal e fé@Wri][ale%ih%t aa%ﬁts?'zlat _6‘330315 e Eﬂtl@%hgi/a &oﬁp%{i:’h&{@\@ dayl ess
resi stance 1o W 0 ui onposj tion en, i as_,an

i ncreased Tdtd c‘)ang: rdté}s}ler elaa“fboerur?gegi ?e{&h? Ilur}ld% \tggr' ePRE Hhd RS |
provi de gresamrlezsar gvbstamcialt matpshtvheh thee Hlpgddcemppoidiitonon has
a decrigaseshdald oiaf tHesinrst te@, undesebpdeiduiing +h@ELITy through

Ref erring @ed'ﬂo%n%££@30%4 o) iFI G 5, anot hellr cgn%g rati on ot the
chamber 8471% &8 S88WPEE I Vol V-8 uBF r ¢ 95 OEnP e oI Gur at i on,

t he chanberelgtivigckadest@edrdutcothe heusey (wimgres eggnean o lkhgr §low
equal | y spacegheapart by four openings 96. The structures 94 may be

equal ly or
One of the openings 96 allows the fluid compogsition 36

15 to flow more directly from the inlet 88 to the cutlet 40.
Thus, radial flow of the fluid composition 36 toward the
outlet 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 density 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 ocutlet. Indeed,
as a viscosity of the fluid composition 36 increases, Or as

25 a density or velocity of the £luid compesition 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 95.

30 Note that it is not necessary for multiple openings 96
to be provided in the structure 94, since the fluid
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unequal | y spaced apart, depending on the desired operational

paraneters of the system 25. Referring additionally now to
FIGS. 6A & B, another configuration of the variable flow resistance
system 25 is 5 representatively illustrated. The variable flow

resi stance system25 of FIGS. 6A & B differs substantially fromthat
of FIG 3, at least in that it is nuch | ess conplex and has many
fewer conponents. Indeed, in the configuration of FIGS. 6A & B, only
the chanber 84 is interposed between the 10 inlet 38 and the outl et
40 of the system 25. The chanber 84 in the configuration of
FIGS. GA & B has only a single inlet 86. The chanber 84 also i ncl udes

t he structures 9 her . | G EA, .relatively hj | ocj t
o vi SeosPROPAS Ll 0 RPHhS deridt Fh EHSEohhdErh BRESE Eeh dak Yone
chanber 84thé¢ putieti dllevig6a afithdie opkhirgcethd\y tsl:iegiemmrumg 94 to
continue t@oﬁi&val%lapatnbnefwm% tﬁeelﬁw{t O & QP §h&h9ﬂ1§63 ithus,

flows circuitou t hr ough. t he chanbe a |raI|n
inward to tHE cﬁ‘tﬁ/&mﬁ5g Eh‘f'to (jfual Y%“'%iﬁﬁé’geg %ﬂ %% riftt e 94
via the operitngsr@gs of low|reHsGangB, thowedir] fllw)f tonld denposition
36 has a ITﬁfwla@ Q6 k¥epiAGpPAIEANY §99§eim@1dffoeh@§ca§§mure

density. fluid conposition 36 in this exanple is able to change
directi on nore Reatlelrpoas, i it floowsti ntoesdery Farhanbeot 8dhevi a t he

inlet 86, @Ll;érﬂ 99i6t tBObélﬁgly% ?LeQ' E?ﬁ%éé’l; rk%@w%@ﬁ {:ﬂé efnltecf: tslge

outlet 40 via t oenlng preci ated that
the nuch n#d Q’fer CHFLEEs2E t oW HFaREPARER I/ Fhébe EFHH%%Q% iC8R 36
i n thatexampheld) folr mbGe GfreranSiwesoitliee cﬁlxﬁﬂeebinposhtctnm@ﬂ tion's

ener gy atffé?—{? t%%m_‘mﬁ!ae"‘hé aEd? tﬁHéd ouUﬂH§ a8 ESHdrS 1N :"k grance

to flow, corrpare di rect flow patf ythe
fluid co % i%n CRR FiH‘élcéx%ﬁ%"élGFOT—*l OB the SGFPCF‘ér% Ja%éiereé‘&d
fluid, andfaattére fddidrcgasomrdonndesfiew 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 results in
more energy being consumed at the same f£low 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 it has an increased 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 is representatively
illustrated. In this configuration, the chamber 84 includes

30 four of the structures 94, which are equally spaced apart by
four openings 96. The structures 94 may be egqually or
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5 fluids, then it will be appreciated that the variable flow
resi stance system?25 of FIGS. 6A & B will provide |less resistance to
flow of the fluid conposition 36 when it has an increased ratio of

desired to undesired fluid therein, and will provide greater
resistance to fl ow when the fluid 10 conposition has a decreased
ratio of desired to undesired fluid therein. Al t hough in the

configuration of FIGS. 6A & B, only a single inlet 86 is used for
admtting the fluid conmposition 36 into the chanber 84, in other
exanples multiple inlets 15 could be provided, if desired. The fluid
conposition 36 could flowinto the chanber 84 via nmultiple inlets

si mul taneously or. separately. For_exanple, different inlets coul d_be
used for WHBRHTIHE ¥ ISRRGSEoMpHST 1 I95RSBE IR SOR dittee S56AHPA CRAYS

char act er i patras=t{euscbfashdi §fereant2520 vel ocities, viscosities,
densities, etcé%ft The structure 94 may be in the forn1of one or
nmore cir cunf er éRisgIripgerddHel rpanasvhewi HFonéRofk Forangtharhe
openi ngs 96cheigren ithe oy aried s)amélbuer B%wvﬁ%st@hclansﬁﬁﬂérﬁ izn.ist he

structure 94,col 4o Lt ey [0m.gly 0Ng, T, 25 AuLe chr cunferentially

extendi'ng T€cesses 1 n or nore walls
structure S¥StIUIZF GﬁoFé@E i FRney & 91§ﬁ§¥%rSQhﬁﬁﬂﬁﬁé?9lYe$%&W\R@aﬁooéne

or nore wakts. of, Taf&eléhaﬁbﬁ:ﬁfﬁfht Thuss mtth\/llelssbe:oﬁ@IDéﬁCa;.rlﬂi et ha:1
any type r r nctl t re i nf | uence the
30 fluid nggégﬁg%%h ggp?%e%%%tlﬁug %8' oaﬁ%.?%ﬁ??SXr tlo ogf t he
chanber 84FH3S ¢ & FePocPBly oﬁfheﬁé%%mb?roﬂ the #qt@mose‘ér%@ﬁeinoﬁhe

i ncreages, ifletaBsa avidsensi by 1ft heof! the deafepases, and/ or which
functions to increasingly inpede circular flow of the fluid
conposi tion abdle chembhandreriragheheontl weiaticor ofeRgEdy ¥ & Behhbuid

conposi ti Oéhﬂﬁ‘%[ %aagse 5npét a5 .a YheCoRAtNeOfgat REsE! Uhaiddy @ases,
the principles of this disclosure.

may be us
Sever al éhﬁﬁrt eggcﬁgﬁﬁﬁy% exanmpl es of the structure 94 are
depi cted in G5 Fié Jopid hpdiag GLESSnaar LI oY) oY, O KLGSeyTAC

bei ng t aken a %& ine 7- hese vari ous exarrp
g

denon§€%a1%?q Gr S8R5 it o FOBRRS T £ e§nE§¥%ttW§nChamber
construct i 8y wike tder doletr es®4ndand $oflierstwmulby bbeappregiated4t hat

the principlasf thi 818y SHRRULRcAEBald | | ﬁ%keglﬁ9dLgﬁﬁﬂyél%Q¥n

particul ar strgftur conflgrratlon i n the chanpber
us, flows circuiltously 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 fluld composition 36 has a
lower wvelocity, increased viscosity and/or decreased
density. The fluid composition 36 in this example ig able
to change direction more readily as it flows into the

25 chamber 84 via the inlet 86, allowing it to flow moxe
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 fluid composition 36 in the example
30 of FIG. 6A consumes more of the fluid composition’s energy
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15In FIG 7A, the structure 94 conprises a wall or vane which extends
bet ween upper and |ower (as viewed in the drawings) walls 98, 100 of
the chanber 84. The structure 94 in this exanple precludes radially
inward flow of the fluid conposition 36 froman outer portion of the
chanber 84, 20 except at the opening 96. In FIG 7B, the
structure 94 conprises a wall or vane which extends only partially
between the walls 98, 100 of the chanber 84. The structure 94 in this
exanpl e does not preclude radially inward flow of the fluid
conposition 36, 25 but does resist a change in direction from
circular to radial flowin the outer portion of the chanber 84. One
inlet (such as inlet 88) could be positioned at a height relative to
the chanbeftwals SaRs £199 E%F?rﬁﬂd*tﬁ@”?kuF%FYﬂ&ﬁb&@iPPBﬁ B EtrEceng

t he chanbeto8flaw a ashabmpakred 139 tdeesunht morgpidigecsulitbantatd] ltaken
the struct 4 : . i Ler <l UCEMT €)y t her
i nl et (suctt{&et’ilge té}lgulglnf:g{nbg%\%@%éﬁ?igl Egép%g%ﬁllo%]e gt&&é é| TfeIrfe'r%?' 1

hei ght, sofratdtiged did 2 orssivat6m E’GdZ?ﬁ A GEhBREPHRT 84 via
that i rd et ftlobds, mhengétswubkl an iagphrgcdat édhecisttr whkurer SdbldViflew

resi st ancerLg; dd koo, xperieacedaby 4 ha il widypacommast tion 36
i npi ngi ng on the structure. I n Fl C, the“structure 94

conpri ses RRTEKERSE P SLPBLhthg it PLGi FRRPRitdrTr 88 e ddh dPey

i nward f| ocan afndreaskeldurdt tonpd sidsiard3to fuwadadiredodi et d pdidiedm, of t he

chanber 84.,dhe 1St LUGhLYEE g%a{eggzt Qieéis%%gaé ﬁcea@io%x&ﬁ&q &b GaRbket el y

or partiallg/ between the walls 98, 100 of t . ]
10 composition has a decreased ratic of desired to undesired

fluid therein.

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

15 could be provided, if desired. The fluid composition 36

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

20 velocities, viscosities, densities, etc.).

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

25 more circumferentially extending recesses 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 wvelocity or density of the fluid
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chanber 84, and may extend inwardly fromboth walls. In FIG 7D, the
structure 94 conprises nultiple circunferentially extending recesses
and projections which resist radially inward flow of the fluid
conposition 36. 15 Either or both of the recesses and projections may
be provided in the chanber 84. If only the recesses are provided,
then the structure 94 may not protrude into the chanber 84 at all. In
FIG 7E, the structure 94 conprises nultiple 20 circunferentially

ext endi ng undul ations forned on the walls 98, 100 of the chanber 84.
Simlar to the configuration of FIG 7D, the undul ations include
recesses and projections, but in other exanples either or both of the
recesses and projectigons may be provided, If only the recesses are 25

provi ded, THERPSIE OBt FREFEREEDA FFafSnBt VEF AT Ide OEnfbet FE¥hamber 84

at all. |ndddsaasts, thd/etruictalr é@étd:on@rt@emmasmﬁgweﬁtp@id y
extendi ng but.[adi %'15% 8Ef§1§‘é ﬁ’%)ldg c%pé!é‘{‘@fme% endi Pe | ayandly ok om
the walls 98, 100 the 3 arrangenent

and/ or con?h%yﬁ%%ﬂqﬁﬁYoPr @?E?%ﬁﬂIQ§ GPGVQ&E%glﬁﬁVpﬁélﬁéﬁﬁ d??Fﬁ@@@ﬁvng
wWith the pstra pl edsobsihy soflitdsd ddudé. ihdrdadsES., w&y&bd, uddie in

SLTUCLUre e W&Mﬁgﬁtﬁev‘ﬁfincﬁrpl\égngfet’fﬁﬁsncgi%liogﬂ@égl y fromthe

chanber wal |
Several illustrative schematic examples 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 various examples demonstrate that a great
variety of possibilities exist for constructing the
structure 94, and so it should be appreciated that the
principles of this disclosure are not limited to use of any

particular structure configuration in the chamber 84.

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 f£low 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 %4 in this example does not
preclude radially inward flow of the fluid composition 36,

25 but does resist a change in direction from c¢ircular to
radial flow in the outer portion of the chamber 84.

Cne 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 via 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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5 anot her vane 102 which influences the fluid conposition 36 to
change direction axially relative to the outlet 40. For exanple, the
vane 102 could be configured so that it directs the fluid
conposition 36 to flow axially away from or toward, the outlet 40.
10The vane 102 could be configured so that it acconplishes m xi ng of
the fluid conposition 36 received fromnultiple inlets, increases
resistance to flow of fluid circularly in the chanber 84, and/or
provi des resistance to flow of fluid at different axial |evels of the
chanber, etc. 15 Any nunber, arrangenent, configuration, etc. of the
vane 102 may be used in keeping with the principles of this

di scl osure. ane 102 can provide greater_resistance to

circular fROWRSF ﬁq%?Feﬁgédc9¥¥%6§iﬁ?SFFb?H% ado & HALTeheRpt theHE are
20 nore resadithatdither fédifovwamebsite cout beenddinghithe mhammeﬂtaa via

structure %ae &ql%%saeegymsq&%@%@sftgﬂtga %ﬂnﬂﬁ'thlaogtééc

i ncreased vel ocity, |ncreasethen3|ty or reduced vi_scosit ron1
flow ng r Pt IE?%lﬁ\RéFHetBV\/a? % Heudth Pet Serianeefahe ‘iltl)‘? jd

i ncr eas ngtgmpaesiitdonc B6cuhaindimvonf tha 2&rugtamreased vi scosity fluid
conposition. One inlet (such as inlet 88) could be positioned at a
hei ght rel ati vert §ifhe 7€ hafifers Wraictyre 894 190NRE Sefavhi Beerd ui d

conposi ti apri3flest ekl Bgifherahaneic84rysdsd haldibnl et igeRsd Mow of
i npi nge s i.al t .flo over or
under theugi?% ?&tuu?e Xmﬁgs£ﬁl i, 3r6lI.]%%Bg‘suc é&%hgogg %n&coul d be
posi ti onedcﬁﬂt@rdlaﬁferﬁh‘? fleruiure 86 {mathishexpmpily 'ﬁ@mﬁa‘@iqnldon 36
ent ering tdenharer 084pazﬂmatmt befilvetn degs wWalpisnge, substemtdhal |y on

t he struct yr.e o an%argé Iecitle?ﬁli %ﬂ%{#&; Lﬁlowgogﬁ c_SJ{;gpsrlses a

one- pi ece cf1|n rlcél openi ngs 96 bel ng
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 protrude into 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 B84. 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 34 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 configquration of
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5 distributed about the wall, at alternating upper and | ower ends of

the wall. The structure 94 woul d be positioned between the end walls
98, 100 of the chanmber 84. In FIG 7J, the structure 94 conprises a
one- pi ece cylindrical -shaped wall, simlar to that depicted in
FIG 10 7J, except that the openings 96 are distributed about the
wal | m dway between its upper and | ower ends. Addi ti onal

configurations of the flow chanber 84 and structures 94 therein are
representatively illustrated in FIGS. 8A-11. These additi onal
configurations denonstrate 15 that a wide variety of different
configurations are possible wi thout departing fromthe principles of
this disclosure, and those principles are not Iimted at all to the
speci fi c eXBEpraEdSdeScVrPeY TR dith UaRe - dbpi ket monwi kR ©8%wi ngs. In
FI G 8A tihelmhialeer o84thss sdigdlarsure. oSt respects 20 to that of
FIGS. 4A-5, with two inlets 86, 88. A mgjority of the fluid
conposi tion 36 Jav¥ilR§-a7¢ ek dti VEley shirghtvyes otd Opmplkdeesi s oosilt pr
?lnd/or hi Q‘F\Tﬁ@{éﬂﬂe&bﬁdﬁ.?gmﬁnﬁﬁﬁj F%oglhag_ﬁeéha?fﬂoéﬂt a;aume:égm_ aﬁitgﬁ and
ows rcul ar abou e .out.l e , e r ur.es i mede
Fadi 2l 1y RS RARor OSSP A deRoRpoal Ira Sec Bt e 26ut et
40. ¢ FHa@gegBirachifpordtipldy rpéative doshposittlemh 496 h&erng a

relativel ye=meg! @akt yandli Oie \Wongasbkycane firekdovodenst tit fdigwstknt o
t he charrbetrhe8% vi:a thg |snl e 88 ggef%wt he.as_ttlr uct ur es O94 prevents
e FPUPES ot - om £HaYi ifet 88 to the

direct flow of e corfposrtion
out | et 40,tdird hehef putleedAfbosition can readily change direction to

fl ow around each of the structy%;??s. Thgs, a %I ow £esi st ance of the
system®5 of FI'E® EBP st Fant ASEE bG8 A2 n*FI G 9A, the
chanmber 84dengilaishes hinhmstof édgeélyid ¢andsdtionh ¥§ GRciAel B,
\r/]\'! t E a ISI nﬂ{cﬁn 'nilﬂlh%'&pjﬁ@- iﬂ_i'%sf | ligl;érggﬁ’éé’ﬁféém.aﬁﬁep?& ! f‘ﬂqvﬁtdie![f%h&&a y
igh velocity, .| ow viscosi and/ or hi ensity flows into e

Chantber SEVRGHIPREY, 1R Cibhatibor Bl P SR Bo Re RIS &0 40.
The structfiirey 94 Ehpedeat rdidiferenti andatl ¥dveisobLt blee f¢hdmber, etc.

15 Any number, arrangement, configuration, etc. of the vane 102

may be used, in keeping with the principles of this

disclosure.

The wvane 102 can provide greater resistance to circular
flow of increased viscosity flulds, so that such fluids are
20 more readily diverted toward the outlet 40. Thus, while the
structure 94 increasingly impedes a fluid composition 36
having increased velocity, 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 positicned at a
height relative to the chamber walls 28, 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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10 conposition 36 toward the outlet 40. In FIG 93, the fluid
conposition 36 having a relatively |low velocity, high viscosity
and/or | ow density flows into the chanber 84 via the inlet 86. The
structure 94 prevents direct flow of the fluid conposition 36 from
the 15 inlet 838 to the outlet 40, but the fluid conposition can
readily change direction to flow around the structure and through the
opening 96 toward the outlet. Thus, a flow resistance of the system
25 of FIG 9B is less than that of FIG 9A 20It is postulated that,
by preventing flow of the relatively |ow velocity, high viscosity
and/or |low density fluid conposition 36 directly to the outlet 40
fromthe inlet, 88 in ELG, 8B, or fromthe inlet 86 I 93, the
radi al vel 82 ?V%ftl}%glflﬂal SR éH eI ﬁ@eoﬁg?‘g}f‘e55€4cé’ﬁabe
desirabl y tezt gaslet, dmeshoupindgrivbistantiglincredadiengtrhetdita 94 .

resi stance of the s stem 25 In FIGS. 10 & 11, the chanber 84
is simlar in mostf sBérctEh‘? CHREEEBRT PHUTEHPEST 2FPES PUSES . with
two i nl et scBGin®8.call-shdpedmpasl tiiah BbBewnbahirfdsows baingt he chanber

30 84 ;’sL I@Tfl'ﬂlﬁ‘ée& %Uth@twa! gasrat' Qi&eﬁjlalﬁ/rn\ﬁ]h@ﬁ/ ?'é&d"l%{de%

about (_15 et ﬁ'—%& gr eas conposi tion |ows 1nto the
chanmber vi%4hes waglyi | Th Ef Is&ﬁuﬁ"ﬁ}‘éed?‘?‘ YN PEWRPE § st | et .
Mul ti pl e Clogeweadee t3ier entiuvekl Db egr aodi of r tihatachmeautat he chanber 84
inthe FIG 10 configuration, and multiple 5 structures are |ocated
in the chanber ¥n Flfe EfG thel StEmOtytiealt FONPIHESE 3t PRRIRARES 94 can
i ncr easi ngd:}ylnlrfmﬁ.dﬁl(—‘:Bh@pé@rwafJJlQWsanllQE td wirhtCc qepOstéd oth Iacbout

the out et, 40 whel tt ‘EE }'Miléj o@a%%%% % 8Ny has tmgﬁgé‘éeé?oouec Qe Y.
i ncr eased V1'sCOSi reas ens
wall mldway between its uvpper and lower ends.

Additional configurations of the flow chamber 84 and
structures 94 therein are representatively illustrated in
FIGS. 82-11. 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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10 manner, the structures 94 can function to stabilize the flow of
relatively | ow velocity, high viscosity and/or |ow density fluid in

t he chanber 84, even though the structures do not significantly

i npede circular flow of relatively high velocity, |ow viscosity

and/ or high density fluid about the 15 outlet 40. Many ot her
possibilities exist for the placenment, configuration, nunber, etc. of
the structures 94 in the chanber 84. For exanple, the structures 94
coul d be aerofoil-shaped or cylinder-shaped, the structures could 20
conprise grooves oriented radially relative to the outlet 40, etc.
Any arrangenment, position and/or conbination of Structures 94 may be
used in keeping with the principles of this disclosure. It may now be
fully appr Eg‘ﬂ EPMPIREL LEAR SCRR SEPGE G echERGR GlTRES 198V EP o Low
advancenengsolsd tdaehabf ohe reghilcathrag . | Thas f |0 low BeSldiaideaamgan

wel I The yar s Gouti gur gld 0, Gk § e Vel allie, Lavtesict ance

system 25 ed above enabl € ¢oniro desited and un esired
fluids in a weli, pacthoutl ¢ise Han®RIPEEXis EXRENSIY enOhod@iddgRpLONE

30 nechani sns.. |.nste the system, is relatiyvel tr ht f or. war d
and i ng':'zpeﬁgi 24 Sfp?gﬁﬁ(:e&ogb}r’afﬂé%gnﬁ it eai’ﬁjieénﬁgt sa#)% |ff&blll in
oper at i on. compositiipn dbokeviidsd sednbipebyiklet tvelbhdtar tlaw vari abl e
fl ow resi s{Bnessi3YShaaYEd hnfh Wetish Byar Seid eidNeaR Wehdbe® ghh@ia

system 25 j.ncl.ude flo anber, 84t hrough which a id
CONposi t i o%h%é‘nfqﬁgv\g 6 ?’ﬂg ’gﬂ%wr‘ﬁoé’rlrgﬁlﬁﬁ ya?qncfl‘bta#‘eoﬁ‘éu% et® ‘g6 Ths,
an outl et digruchvdeaf4| dusedeonaastingdy utewdzd WHicoh off npeeleflud dchange

from cig cubdpddiewoaf 36headdrd drneoBnesétion 36 about the outlet 40 to
radial flow toward the 10 outlet 40. The fluid conposition 36

can flow t hrougim Fhie.f bBw thmmier d84ompog Hiei oxmel3l6. having a
relatively low velocity, high wviscosity and/oxr low density
flows intoc 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 fluid composition can
readily change direction to flow around the structure and
through the opening 96 toward the outlet. Thus, a flow
resistance of the system 25 of FIG. 9B is less than that of
FIG. 9A.

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 wvelocity of the fluid composition toward the cutlet

25 can be desirably decreased, without significantly increasing

the flow resistance of the system 25.

In PIGS. 10 & 11, the chamber 84 isg 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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The structure 94 can increasingly inpede a change fromcircular flow
of the fluid conposition 36 about the outlet 15 40 to radial flow
toward the outlet 40 in response to at |east one of a) increased
velocity of the fluid conposition 36, b) decreased viscosity of the
fluid conposition 36, c) increased density of the fluid conmposition
36, d) a reduced ratio of desired fluid to undesired fluid in the
fluid 20 conposition 36, e) decreased angle of entry of the fluid
conposition 36 into the chanber 84, and f) nore substanti al

i npi ngenent of the fluid conposition 36 on the structure 94. The
structure 94 may have at | east one opening 96 which permts the
fluid conposition 36 to change direction and 25 flow nore directly

from t he inhigh golowss ingot ke gthambierqgia the imigd 86 weastLinte mogket

can conpri 8erédtleashval-ir she asigbis@cond inlets, wherein the first
inlet 88 directs the fluid conposition 36 to flow nore directly
toward t he out INultd@lef cubel Thanrdienc8nras Thripm edstoibheed edomd

!n: e: 86. the cha#% ?u klt%a@ﬁecy;m.i ﬂb%oﬁﬁf@&@ﬁ(lﬂns,eanéﬁhﬁfl@ lengl e
and & roccl iSRS F oL U6 0 Ty vBr Ol BearH S48 ThRe Bt i nvar aly
and out war géyLimirgtiien -t oThes@m|dtry@tuted B care ickarbein@y iTipedkl ui d
COmROS L) o Sy skl ot ST 2L s e,
indesi red $§ UTHF RPERETRTS SRRRIGEPR Be rodiecressed Feforidt
conposi ti oin@@ared vliswoabre alid/ect Agcfeasad Wensikyt 861 B8 o the
out| et1 A0 msnddie theCaskhiyr@fed R thHI Sut@RASItY @RaBO1iNE 8RS owasS
the vel oci (" of) tie (LU g, Compos| L) of, 36 ecr eases, a5, (e, densi Ly of

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 f£luid about the

15 outlet 40.

Many other possibilities exist for the placement,
configuration, number, etc. of the structures 94 in the
chamber 84. For example, the structures 94 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 f£luid
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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- 15 conposition 36 decreases, as the ratio of desired fluid to
undesired fluid in the fluid conposition 36 increases, and/or as an
angle of entry of the fluid conposition 36 increases. The
structure 94 may reduce or increase the velocity of 20 the fluid
conposition 36 as it flows fromthe inlet 86 to the outlet 40.

The above disclosure also provides to the art a variable flow

resi stance system 25 which conprises a flow chanber 84 through which
a fluid conposition 36 flows. The 25 chanber 84 has at |east one
inlet 86, 88, an outlet 40, and at |east one structure 94 which

i npedes circular flow of the fluid conposition 36 about the outl et
40. Al so described above is a variable flow resistance system
25 for useSiypighfifisrerirdnedd WRSIDENFVRE FRePE3Micem 30eEadhprand ng a

f1 ow chanbgsiBdeiid)Claundi 281 D leetindOpangdt adn. | east one structure 94
which resists a change in a direction of flow of a fluid conposition
36 toward the oOiltd ebo¥e. dTbheldsured poonNpdss t i@ rlB6 agtit er saxieblehanber

84 in a di restiQiekahbavepbi&h Bhadgessbased A ehabheapfuddeasi red
fluid to 5 undesired

luid.in the fluid tion 36 .. The
Lol d B (RS 2hng hekided o R BRrs 41, so0etoh BT & o
di recti on fiich csimeprgésibasdd Blows .r afhe diamdesi Bédhikuad lemst one
undesired fhudd dg) e £ Ubsk LAMQST EhQNaB6LeakRTRBSEEHGE IR 94 can

i npede a change fromcircular flow of .the fluid co itpon 36 about
the out | et" At PRARE = PERIOVEFE PRECBIAT il #0 T ThES st ur e 94

may have atommssitione36papduly 98 witdéht ped nia sadhielf ELpd tawmdsithion
36 to fd owgirectsgy from a

The fluild composition 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 outlet

15 40 to radial flow toward the ocutlet 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 %4,

The structure 94 may have at least one opening 96 which
permits the fluid 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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15 first inlet 88 of the chanber 84 to the outlet 40. The first inlet
88 can direct the fluid conposition 36 to flow nore directly toward
the outlet 40 of the chanber 84 as conpared to a second inlet 86. The
opening 96 in the structure 94 may permt direct 20 flow of the fluid
conposition 36 fromthe first inlet 88 to the outlet 40. In one
exanpl e descri bed above, the chanber 84 includes only one inlet 86.
The structure 94 nay 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 conpodiet A6nl8Bsticeddest §anacepidisey srivhd FirALe 30
conpositi onBK igwcreases, as a ratio of desired fluid to undesired
fluid in the fluid conposition 36 increases, as an angle of entry of
the fluid conpddiet SEAUSEUTH T4 F5Ys CORRYLSE s et Pug do ehpEsiet | on
36 i npi ngesnta aRckBe . structure 94 decreases. 5The structure 94 may

i nduce portions of the fluid conposition 36 which flow circularly
about tthe out | ghed4@troctamn | FHueayopkbpactiatdleaskyocabout gyl et

40. The stddiLidht@a®d1pradaidhly domhedss: g hangeokr oRe Chibiear ghl ow
of the fluid conposition 36 about the outlet 40 to radial 10 flow

toward the out ITet 40uid compddisdodeseérmndedetiy the ahaesrlisichdaure is
a vari abl i A : | j e I C r 84
hr ough i ehoa a3 cormbarron g8 Rous CRguenaai] | Y 42288

| east one $nIGEE1869 BRUIATHASEIEEY SRt hein shst Tl PmRasiEiare
94 whiloh i3gpedes a change fromcircular flow of the fluid conposition
36 about the outlet 40 to radial flow toward the outlet 40. The
above di scl osuffBeaf d8idesamasdd ignyaf i oy & favoncres¢stegidy fystem 25
whi ch i nclamesnaet! o9, ped e salneCbuullet 40 as the viscosity of the

fluid composition 36 increases, as the velocity of the f£fluid
composition 36 decreases, as the density of the fliuid

15 composition 36 decreases, as the ratioc of desired fluid to
undesired fluid in the fluid composition 26 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 ocutlet 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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20 device 52 that selects which of multiple flow paths 58, 60 a
majority of fluid flows through fromthe device 52, based on a ratio
of desired fluid to undesired fluid in a fluid conposition 36. A flow
chanber 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 |east one
structure 94 which inpedes radial flow of the fluid conposition 36
fromthe second inlet 86 to the outlet 40 nore than it inpedes radial
flow of the fluid conposition 36 fromthe first inlet 30 88 to the
outlet 40. It is to be understood that the various exanples

descri bed above may be utilized in various orientations, such as
inclined, 19R& (¢ SEBEFEGRR 14 Whdehi eafiskt @ changei i vardigipstion
conf i gur at bHNSLowMdfhauE 1l de@addnpgeg itiom tbecduagrid rbepbesS1ied 4de The

resent di 0 e i L Lu i,n.th i e
8epi cted aﬁﬁlaﬁﬁoﬁpgé%%:éﬂ?% ear%%%%a%%eg%@%ggﬁqllha% ﬁ%\gﬁlg’?]ls%%f

t he princi pl@s WwBrobhehgnges difies ophachdbi® Horlesinpt el vis ey

speci fix detdddised fiheaeiendirdiprRAtscomPéEiwiawy 36, a person skilled
in the art would, upon a careful consideration of the above

descri ption of Tepriévadt aennes iditondB femey, exidaditiey chppresciitee thirat
nﬁny modi f&@%tétoa%, i?dai%iﬁtsbioﬁup?_&bhu(&ﬂl s %talseai @ﬂgsﬁ Sﬁ’tﬁoﬁbher
changes may be ese, speci.fi.c_egbodi nen .an SUG
Changes ardetiadl Alehd SOoTRSREEH. FpfRorbIde it e edifitn

di scl osure3é-Accordingly, the foregoing detailed description is to be
cl early understood as beingégiven b% ma% of .illustration and exanBIe
only, t%e spiriteafGTeCopes of* (AT pFBRRNt2 i TRAERE SFOBeFHFHam 48
sol ely by ¢hel20 fappéndedbadidiion addabdet rtlequuzdkent®.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 B4 as
compared to a secand inlet 86.

The opening 96 in the structure 94 may permit direct
20 f£low of the fluid compogition 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 composition 36 increaseg, as a wvelocity 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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What is claimed is: 1. A variable flow resistance systemfor use in
a subterranean well, the systemconprising: a flow chanber through
which a fluid conposition flows, the chanber having at |east one
inlet through which the fluid conposition enters the chanber, an

outl et through which the sanme fluid conposition exits the chanber,
and at | east one structure which inpedes a change fromcircular flow
of the fluid conposition about the outlet to radial flow toward the
outlet. 2. The systemof claim1l, wherein the fluid conmposition
flows through the flow chanber when the flow chanber is positioned in
the well. 3. The systemof claim1l, wherein the structure
increasingly inpedes the change fromcircul ar flow of the fluid
conposi t i ofrdied Hdudtt Fot % GTladlarorPom tijiare tREreRTT%et &Shan
response tangile |fashtegeod e ﬁhmuﬂeasmﬁogmﬁxmn By dhctdesdd uiachd/or
conpositio ;62 j t id . c oS L. Chaa
reduced ra%?&g%?qgggﬁhgg gé Q?%3§n |rec]1fl u% ?%Btéégéﬁﬁﬁr be
conp03|t|O§Fc¥ﬁaﬁfﬁdecreased angle of entry of the fluid conposition

into thge flow cll[%hrrg% uc Jg_zlees)4 ?r%}) $ﬁaggged i rg_%:enrégfe)al iog\%tae fluid

conposition on ure erein the

at | east o@f@nmﬂlétlo@oﬁﬁrw%&h driloy gizrnbpely mbsmt tlse qwfel ey $0e FPof

claiml, whgittinuet ke ﬂbucéwcﬁn@wpr abest alhd eagheengo of mmevane and a
recess. S 0 grein,t S tur r ts at

| east one o‘?iq}:ﬁ:\}\la%dﬁgng%%fecrat%ﬁr fa?l I%o b 1? lgcf‘ﬁta% Tiow

chanber. 9t th?eféyléﬂeﬁ?wo%ﬂ%% ?5 %\h‘é‘iﬂéltrhec I%‘tflﬁﬁl’éio cohpEsiieilion

f1 ows #ohr ofiw thwaeBagherodtawar dot.he outlet in a direction which

changes based on a ratio of desired fluid to undesired fluid in the

fluid conpositifdso dgscThesdyont &ireofbeyaidnstloskeeein a hafilabild

conposi E i OEILCM Q\é@lgeéﬁc@h éﬁﬂényt z%rammelﬂdm@fest a Eh@w Q&Ha!n@eragz;al

vi scosi coppasi tion Lncreases s aim
1 ©her o) Ll paeB fobhi SePPEIELRE FledEe T4 SHATTE ﬁ?

to the outhaét a4s lgage| oet tinlskt BhRe 88uiah cowdesi ﬂDonaxerlacateégegt

ghe s%a|$t e;arsg sﬂ:}:@bﬁhlﬂ:ety\?a&tﬁ'ﬁh the ecle%é“é.j &%H@@SEEb@Pcﬂdt?ﬂ%ﬁ@ﬁ.Sw
irectly fr in.et to t.he quilet, as an r

fluid corrpoés?l P O%ll PhEr SIS TPy S%h%b%’i/%t g‘k‘g?g %?'"L \%ﬁgﬁg n the

fluid conpisivt itematfiowse mrtdedi féet | y from the inlet to the outlet as

a ratio of deS| | uid to_undesir df n the fluid corrp05|t|on

i ncreases. Iil‘f'h@ VRt HATPUFSi é G5t eVt 1aRituféow
i ncreases Jaeawltau::Eyswtémasf Iwhn.dhcumqab.siets en faswt pett |adlgction

fggpgfzg; ::3%;;1?%2’23; ERR: ;i@éﬁlsehhaggﬁﬁn%uﬁe fi~§w &e@ i5@Dl gofl ow
conpri si nd"ajé’rﬂltgmpghgﬂb’éjr tﬂl‘??”ﬁu@ r%ﬁ?}(‘:kferé’“fvﬁ d‘?:’tﬂ'ﬁ')%sfly gﬁsﬂio%

t he chanber rmedibngf adssirstdarftlvdbil yocgahdaraimedahflpedlxmtaerflmﬁl at

| east one dd’rﬂp%rsﬂ:;]&ﬂuﬂ@ W %ﬂo‘vh@héﬁ%ng 2&0@30§h5' Q?s’@é?ﬁ &S ﬂigﬁudes

chanber, the’in i ntersecti ngFieF erinmeter wall3 an outlet through
h

whi ch t he ¥ @4 88@%&%.%&5& 5 RAmFELedt AR dutiTE- BBPngt
proxi @&t e teecéAber paths M) clharbernd all et deeastneneedtcuet seeondli ch

| mpedes  cidgeulgr tﬁéom&,f.r gelt@isf bw daﬁ&@@slletals@noﬁp%%rdc%&ut:«)het 14.
The system.qf claim1 ere| conposition flows through

the flow éﬂ’&ﬁfi‘e?mﬁﬁ‘gﬁst Eﬂa‘ﬁ%etrh‘? sflb’6§| EPBRRY G419 HE WEPT.

the second inlet 86 to the outlet 40 moxre than it impedes
radial flow of the fluid compogition 36 from the first inlet
30 88 to the outlet 40.
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15. The system of claim 13, wherein the structure increasingly

i npedes the circular flow of the fluid conposition about the outlet
in response to at | east one of a) decreased velocity of the fluid
conposition, b) increased viscosity of the fluid conposition, c) an
increased ratio of desired fluid to undesired fluid in the fluid
conposition, d) a decreased angle of entry of the fluid conposition
into the fl ow chanber, and e) an increased inpingenent of the fluid
conposition on the structure. 16. The system of claim 13, wherein
the structure has at | east one opening which permts the fluid
conposition to change direction and flow nore directly fromthe inlet
to the outlet. The system of clajm 13, wherein the at |east one
i nl et conprlseéIEulﬁ EQsPet PRIFTshepcs EBBR IR I oS 8¥ RIS n t he
first inl efeskridstd abbsef hay doecorgidszedomn tvafiaw oiendatisotd,y
toward thesout I gl j0f-1tReaChATRS RS ROPPAESChT O Jhei8geont d Nl ghy

18. The system of clai m_13, wherein the atgAeast one _i nl et conpri ses
a single iffete**%4g, C?ﬁ51§9§?§%ﬂqﬁﬁ YEEPAY FeRATEAEEN TERR S uct ure
conpri ses ptiteiggtesoné dhegprermntaddsalosesss. Th20embhéimgrstsem of

clai m 13, Mﬁj@dﬁtteaelﬁt EH&td&fa%ul?@QJ se&sd@glauﬂe%ﬁtananaegérmy@rdl y and

outwardly relative to a wall e systemof claim

13, wher ei B¥tHe ASui &a88ﬁ5%§?§{%ﬁ? Pﬂoﬁgrigﬁ%ﬁﬁﬁ?stﬁé ERS e HetERd

t he outl etof ncle diisedbrone whiltiehc hargest bhiseidegh te rayi spafifdesi red

fluid to uggdesireds kHbdei i rfhsd conposition. 22, The system of

claim 13, wherein the fluid conposition flows nore directly fromthe

inlet 10 the owtfl ebuaset he peieoSisky1Dédthe tdlattCEoPDS) tigeh a

i ncreases. T | 1 | Ui d conposition
dx:?efful b:%n?XﬁE?g%ﬂIn %fa'tme a’»?%‘v@ec{eﬁ tlb Soh! &k np

fl ows nore romthe Inl as a velocity of the
f1uid ccwnﬁﬁﬁﬁqﬁﬁQtéééVéa%@EPleEEtSThée%@%&KnﬁRQFeéPaFﬁ1QHﬁt\Mﬁ@ﬁéln t he
fluid conpesiitfiieatibass addiidinsectlystinmidie,i Akkeciand hengut | et as
an angl e of.;pnt rc%aﬁ%eghﬁa*tlﬁg &a&%”EBStﬂé&é‘ & @33 €8mbo recﬁ }{&tem

of claim 13, wher conposition oms nor e rom
the infet T¥h KEBEEFeRT asvithiz theoFCRE | Hed e BFHn?bplﬁ’ﬁjé@l

fluid in tihweeddnti dieohpesidi omcicbedtaASES, th&ﬁfoTbgoSy@thﬁdﬁleﬁ|aln1
13 wher ol fudda LRLEHCEUT & VRS By ARG oG LhytlchaamBge L on

as the flui 05|t|on et to t

vari abl e fwaéwqfeéylétl'a‘ﬁﬁ%tws@m £ERTRER QY Bt éP%ﬁh‘éa?r’PdméFPPet he
syst em compf itdien@reaeft oivdrariber bend udinig eat sbaty oypna-Henl et

t hrough I NPOS ik I chanber, an outl et

t hr ough mhﬁ%%n?ﬁg g%%gﬁ IU|d€?§%go§ t?%%_EXItS t he chanber and at

| east one structure which resists a change in a direction of fl ow of
the fluid conposition toward the outlet, wherein the direction of
flow of the fluid conposition toward the outlet changes based on a
ratio of desired fluid to undesired fluid in the fluid conposition.
28. The systemof claim 27, wherein the structure inpedes a change
fromcircular flow of the fluid conposition about the outlet to
radial flow toward the outlet.
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29. The systemof claim 27, wherein the structure has at |east one
openi ng which permts a change fromcircular flow of the fluid
conposition about the outlet to radial flowtoward the outlet. 30.
The system of claim29, wherein the opening in the structure permts
nor e d|WEﬁ‘5tS‘¥&I"BW 'Bf the fI ui d corrp05| tion toward the outl et. 31 The
system of, cIa 3 Sqem us %g} n% Si té”o f qws into t &
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system of claim27, wherein the fluid conposition flows m)re d| rectly
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35. Theshaypberémpastionsdan inePl. wherein the fluid conposition flows nore
directly_toward the outlet as a veI ocity of the fluid corrp05|t| on
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38. The system of claim 27, vvherel n the struct ure i ncreasi ngly
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flow of the fluid conposition about the outlet to radial flow toward
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14, The system of claim 13, wherein the fluid composition flows through the flow chamber when the

flow chamber is positioned in the well.

15. The system of claim 13, wherein the structure increasingly impedes the circular flow of the fluid
composition about the outlet in response to at least one of 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 the
flow chamber, and e) an increased impingement of the fluid composition on the structure.
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43. The system of claim 42, wherein the structure has at |east one
openi ng which permts the fluid conposition to change direction and
flow nmore directly fromthe first inlet to the outlet. 44. The
system of claim42, wherein the first inlet directs the fluid

conposi 16 b yystem| Ao WrreiB s SrUpteiRAPeI2tierst etaperingwhigihrerpitiip Biyid as
conpar €3MPgsifaRdo %'?é‘&%‘“rt@irqct'ﬂ"ét“d f'O‘ﬂB‘Orelfftréc"B@f@f”éht et oty apiteto V\,her e| n

th t
s R SR S e

'nwardlc%aﬁ’\ e dd\’f efl O
system of cl ai m42 wherer n the structure i nduces porti ons of the

fluid crcarrprﬁbssysmrbfwbmcn ivheérein eier 8 1eastiohy indd Bathpricéita Sbld @let.t 0 conti nue
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resr stance systemfor use in a subterranean well, the system
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flow toward the outlet, and wherein the opening in the structure
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conposition flows into the chanber only via the inlet. 52. A
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29. The system of claim 27, wherein the structure has at least one opening which permits a change
from circular flow of the fluid composition about the outlet to radial flow toward the outlet.

30. The system of claim 29, wherein the opening in the structure permits more direct flow of the fluid
compoaosition toward the outlet,

31. The system of claim 27, wherein the fluid composition flows into the chamber only via one inlet.
32. The system of claim 27, wherein the structure comprises at least one of a vane and a recess.

33. The system of claim 27, wherein the structure projects at least one of inwardly and outwardly
relative to a wall of the chamber.

34. The system of claim 27, wherein the fluid composition flows more directly toward the outlet as a
viscosity of the fluid composition increases.
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35. The system of claim 27, wherein the fiuid composition flows more directly toward the outlet as a
velocity of the fluid composition decreases.

36. The system of claim 27, wherein the fluid composition flows more directly toward the outlet as an
angle of entry of the fluid composition increases.

37. The system of claim 27, wherein the fluid composition flows more directly toward the outlet as a
ratio of desired fluid to undesired fluid in the fluid composition increases.

38. The system of claim 27, wherein the structure increasingly impedes a change in direction of the
fluid composition from circular flow of the fluid composition about the outlet to radial flow toward the
outlet as at least one of a velocity of the fluid compesition increases, a viscosity of the fluid
composition decreases, an angle of entry of the fluid composition decreases, a ratio of desired fluid to
undesired fluid decreases, and impingement of the fluid composition on the structure increases.

39. The system of claim 27, wherein the structure increasingly causes a change in direction of the
fluid composition from circular flow of the fluid composition about the outlet to radial flow toward the
outlet as at least one of a velocity of the fluid composition decreases, a viscosity of the fluid
composition increases, an angle of entry of the fluid composition increases and a ratio of desired fluid
to undesired fluid increases.

40. The system of claim 27, wherein the structure increases a velocity of the fluid composition as the
fluid compoesition flows toward the outlet.

41. The system of claim 27, wherein the structure reduces a velocity of the fluid composition as the
fluid composition flows toward the cutlet.

42. A variable flow resistance system for use in a subterranean well, the system comprising: a flow
path selection device that selects which of multiple flow paths a majority of fluid flows through from
the device, based on a ratic of desired fluid to undesired fluid in a fluid composition; and 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 to the outlet more than the structure impedes radial flow of
the fiuid composition from the first inlet to the outlet.

43. The system of claim 42, 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.

44. The system of claim 42, wherein the first inlet directs the fluid composition to flow more directly
toward the outlet of the chamber as compared to the second inlet.

45, The system of claim 42, wherein the structure comprises at least one of a vane and a recess.

46. The system of claim 42, wherein the structure projects at least one of inwardly and outwardly
relative to a wall of the chamber.

47. The system of claim 42, wherein the structure induces portions of the fluid composition which flow
circularly about the outlet to continue to flow circularly about the outlet.

48. The system of claim 42, wherein the structure increasingly impedes a change from circular flow of
the fluid composition about the outlet to radial flow toward the outlet in response to at least one of a)
increased velocity of the fluid composition, b) decreased viscosity of the fluid compaosition, ¢) a
reduced ratio of desired fluid to undesired fluid in the fluid composition, d} decreased angle of entry of
the fluid composition, and e) increased impingement of the fiuid composition on the structure.

49. The system of claim 42, wherein a structure in the chamber increases a velocity of the fluid
compaosition as the fluid composition flows to the outlet.
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50. A variable flow resistance system for use in a subterranean well, the system comprising: a flow
chamber including an outlet and at least one structure which resists a change in a direction of flow of
a fluid composition toward the outlet, wherein the fluid composition enters the chamber in the direction
of flow which changes based on a ratio of desired fluid to undesired fluid in the fluid composition,
wherein the structure has at least one opening which permits a change from circular flow of the fluid
composition about the outlet to radial flow toward the outlet, and wherein the opening in the structure
permits more direct flow of the fluid composition from an inlet to the outlet.

51. The system of claim 50, wherein the fluid composition flows into the chamber only via the inlet.

52. A variable flow resistance system for use in a subterranean well, the system comprising: a flow
chamber including an outlet and at least one structure which resists a change in a direction of flow of
a fluid composition toward the outlet, wherein the fluid composition enters the chamber in the direction
of flow which changes based on a ratio of desired fluid to undesired fluid in the fluid composition, and
wherein the structure reduces a velocity of the fluid composition as the fluid composition flows from an
inlet to the outlet.
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