VARI ABLE FLOW RESI STANCE SYSTEM FOR USE IN A SUBTERRANEAN WELL S
This application is related to prior application serial no. 12/ 700685
filed on 4 February 2010, which is a continuation-in-part of
application serial no. 12/542695 filed on 18 August 2009. The entire
di scl osures of these 10 prior applications are incorporated herein by
this reference for all purposes. Thi s disclosure rel ates
generally to equipnent utilized and operations perforned in
conjunction with a subterranean well and, in an exanpl e descri bed

bel ow, nore particularly 15 provides a variable flow resistance
system In a hydrocarbon production well, it is many tinmes benefici al
to be able to regulate flow of fluids froman earth formation into a
wel | bore. A variety of purposes may be served by such regul ation,
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di spl &ced evenly through an earth formation, w thout the injected
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This application is related to prior application serial

no. 12/700685 filed on 4 February 2010, which is a
continuation-in-part of application serial no. 12/542695
filed on 18 August 2009. The entire disclosures of these

10 prior applications are incorporated herein by this reference

for all purposes.

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

15 provides a variable flow resistance system.

In a hydrocarbon production well, it is many times
beneficial teo 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 watex

20 or gag coning, minimizing sand producticon, 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 abkility to
regulate flow of fluids from a wellbore intoc an earth

formation can also be beneficial for injection wells.




t hrough to a production wellbore. Thus, the ability to regulate flow
of fluids froma wellbore into an earth formati on can al so be
beneficial for injection wells. -1- Therefore, it will be
appreci ated that advancenents in the art of variably restricting
fluid flowin a well would be desirable in the circunstances

menti oned above, and such advancenents woul d al so be beneficial in a
w de variety of 5 other circunstances. According to the present
invention there is provided a variable flow resi stance system as
defined in the appended claim 1. The invention al so provides a well
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dlrects the fluid composition to the inlet, wherein the flow
passage is aligned neither radially nor tangentially
15 relative to the chamber.

The fluid composition may flow more directly from the
inlet to the outlet as a viscosity of the fluid composition
increases, or as a velocity of the fluid composition
decreases, or as a density of the fluid composition

20 decreases, or as a ratio of degired fluid to undesired fluid

in the fluid composition increases.

The system may comprise at least one structure which
influences a portion of the fluid composition which flows
circuitously between the inlet and the outlet to flow morxe

25 directly toward the cutlet.

The portion of the fluid composition may be
increasingly influenced by the structure to flow more
directly toward the outlet as a viscosity of the fluid
composition increases, or as a velocity of the fluid

30 composition decreases, or as the ratio of desired fluid to




undesired fluid in the fluid conposition increases, or as a density
of the fluid conposition decreases. A straight direction may
extend between the inlet and the outlet, and the direction at which
the fluid conposition 5 enters the chanber via the inlet my be
angled relative to the straight direction, with the angle being
dependent on a characteristic of the fluid conposition. In the
di scl osure below, a variable flow resistance systemis provided which
brings inprovenents to the art of 10 regulating fluid flowin wells.
One exanple is described belowin which characteristics of a fluid
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below in which characteristics of a fluid composition (such
as viscosity, density, velocity, etc.) determine a
resistance to flow of the fluid composition through the
system. Another example is described below in which the

15 resistance to flow of the fluid composition through the

system varies based on a ratio of desired fluid to undesired

fluid in the f£luid composition.

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

25 composition.

In another aspect, a well system is provided by the
disclosure. The well system can include a variable flow
resistance system thrcough which a fluid compogition flows

30 between a tubular string and an earth formation surrounding




a well bore of the well system The variable flow resistance system

i ncludes a flow chanber through which the fluid conmposition flows.
The chanber has an outlet and only one inlet. The fluid conposition
flows nore directly fromthe 5 inlet to the outlet as a ratio of
desired fluid to undesired fluid in the fluid conposition increases.
In yet another aspect, a variable flow resistance system can incl ude
a flow chanber through which a fluid conposition flows in a
subterranean well. The chanber has 10 an inlet, an outlet, and at

| east one structure which influences portions of the fluid
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clrcuitously between the inlet and the outlet to maintain

such circuitous flow.

The structure may increasingly influence the portion of

15 the fluid composition which flows circuitously between the
inlet and the outlet to flow more directly toward the outlet
as a ratio of desired fluid to undesired fluid in the fluid

composition increases.

The structure may increasingly influence the portion of
20 the fluid composition which flows cilrcultously between the
inlet and the outlet to flow more directly toward the outlet

as a velocity of the fluid composition decreases.

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

figures using the same reference numbers.




FIG 2 is an enlarged scale schematic cross-sectional 5 view of a
wel | screen and a variable flow resistance system which may be used
in the well systemof FIG 1. FIGS. 3A & B are schenmatic
"unroll ed" plan views of one configuration of the variable flow

resi stance system taken along line 3-3 of FIG 2. 10FIGS. 4A & B are
schematic plan views of another configuration of the variable flow
resi stance system FIGS. 5A & B are schenatic plan views of
anot her configuration of the variable flow resistance system

FIGS. 6A & B are schematic plan view of yet another 15 configuration

of the vari abl | ow res] S . X re, .
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configuration of the variable flow resistance system.

FIGS. 5A & B are schematic plan views of another

configuration of the variable flow resistance system.

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

15 configuration of the variable flow resistance system.

FIGS. 7A-C are schematic plan views of additicnal
conflgurations of the wvariable flow resistance system, and
FIG. 7D is a graph of flow resistance versus viscosity for

the configuration of FIG. 7C.

20 FIG. 8 is a graph of relative pressure drop versus
relative flow rate for flow of water and oil through the

variable flow resistance system.

Representatively illustrated in FIG. 1 is a well system
25 10 which can embody principles of this disclosure. As
depicted in FIG. 1, a wellbore 12 has a generally vertical
uncased section 14 extending downwardly from casing 16, as
well as a generally horizontal uncased section 18 extending

through an earth formation 20.




bet ween the tubular string 22 and the well bore section 18. In this
manner, fluids 30 may be produced frommnultiple intervals or zones of
the formation 20 via isolated portions of the annulus 28 between

adj acent pairs of the packers 26. 10Positioned between each adjacent
pair of the packers 26, a well screen 24 and a variable flow

resi stance system 25 are interconnected in the tubular string 22. The
well screen 24 filters the fluids 30 flowing into the tubular string
22 fromthe annulus 28. The variable flow resi stance 15 system 25
variably restricts flow of the fluids 30 into the tubular string 22,
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10 Positioned between each adjacent pair of the packers
26, a well screen 24 and a variable flow resistance system
25 are interconnected in the tubular string 22. The well
screen 24 filters the fluids 30 flowing into the tubular
string 22 from the annulus 28. The variable flow resistance
15 system 25 variably restricts flow of the fluids 30 into the
tubular string 22, based on certain characteristics of the
fluids.

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

25 drawings or described herein.

For example, i1t 1s not necessary 1n keeping with the
principles of this disclosure for the wellbore 12 to include
a generally vertical wellbore section 14 or a generally
horizontal wellbore section 18. It is not necessary for
30 fluids 30 to be only produced from the formation 20 since,

in other examples, fluids could be injected into a




formation, fluids could be both injected into and produced from a
formation, etc. It is not necessary for one each of the well
screen 24 and variable flow resistance system 25 to be positioned 5
bet ween each adj acent pair of the packers 26. It is not necessary for
a single variable flow resistance system 25 to be used in conjunction
with a single well screen 24. Any nunber, arrangenent and/or

conbi nati on of these conponents may be used. 10It is not necessary
for any variable flow resistance system25 to be used with a well
screen 24. For exanple, in injection operations, the injected fluid
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It will be appreciated by those skilled in the art that 30 it would
be béfeficial fto ise nedl aecesseyyl dpe fhpwatialhke -flow resistance

system 25 to be used with a well screen 24. For example, in
injection operations, the injected fluid could be flowed
through a variable flow resistance system 25, without also

flowing through a well screen 24.

15 It is not necessary for the well screens 24, variable
flow resistance systems 25, packers 26 or any other
components of the tubular string 22 to be positioned in
uncased sections 14, 18 of the wellbore 12. 2Any section of
the wellbore 12 may be cased or uncased, and any portion of

20 the tubular string 22 may be positioned in an uncased or
cased section of the wellbore, in keeping with the

principles of this disclosure.

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

obtained from this disclosure.

It will be appreciated by those skilled in the art that
30 it would be beneficial to be able to regulate flow of the




fluids 30 into the tubular string 22 from each zone of the formation
20, for exanple, to prevent water coning 32 or gas coning 34 in the
formation. Other uses for flowregulation in a well include, but are
not limted to, balancing 5 production from (or injection into)
mul ti pl e zones, mnimzing production or injection of undesired
fluids, maxim zing production or injection of desired fluids, etc.
Exanpl es of the variable flow resistance systens 25 descri bed nore
fully bel ow can provide these benefits by 10 increasing resistance to
flowif a fluid velocity increases beyond a selected |level (e.g., to
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flui ce gas froma
beyond a selected 1eve1 (e.g., to thereby balance flow among

zones, prevent water or gas coning, etc.), increasing
resistance to flow if a fluid viscosity or density decreases
below a selected level (e.g., to thereby restrict flow of an
15 undegired fluid, such as water or gas, in an oil producing

well), and/or increasing resistance to flow if a fluid
viscosity or density increases above a selected level (e.g.,
to thereby minimize injection of water in a steam injection
well).

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

surface tension, wettabllity, etc.

Whether a fluid is a desired or an undesired fluid
25 depends on the purpose of the production or injection
operation being conducted. For example, if it is desired to
produce oil from a well, but not to produce water or gas,
then ©il is a desired fluid and water and gas are undesired
fluids. If it is desired to produce gas from a well, but
30 not to produce water or olil, the gas is a desired fluid, and

water and oil are undesired fluids. If it is desired to




30 not to produce water or oil, the gas is a desired fluid, and water

and oil are undesired fluids. If it is desired to -8- inject steam
into a formation, but not to inject water, then steamis a desired
fluid and water is an undesired fluid. Note that, at downhol e

tenperatures and pressures, hydrocarbon gas can actually be
conpletely or partially in 5 liquid phase. Thus, it should be
under st ood that when the term"gas" is used herein, supercritical,
| i qui d and/ or gaseous phases are included within the scope of that
term Referring additionally nowto FIG 2, an enlarged scale
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fluid conposi e flaird conposition
10 gystems 25 and a portion of cone of the well screens 24 is

representatively illustrated. In this example, a fluid
composition 36 (which can include one or more fluids, such
as 0il and water, liquid water and steam, o©il and gas, gas
and water, oil, water and gas, etc.) flows into the well

15 screen 24, is thereby filtered, and then flows intc an inlet

38 of the variable flow resistance system 25.

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

20 gas can be combined in a fluid composition.

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

25 discharged from the variable flow resistance system 25 to an

interior of the tubular string 22 via an outlet 40.

In other examples, the well screen 24 may not be used
in conjunction with the variable flow resistance system 25
(e.g., in injection operations), the fluid composition 36

30 could flow in an opposite direction through the wvarious




25 di scharged fromthe variable fl ow resistance system 25 to an
interior of the tubular string 22 via an outlet 40. In other

exanpl es, the well screen 24 may not be used in conjunction with the
vari abl e fl ow resi stance system 25 (e.g., ininjection
operations), the fluid conposition 36 30 could flowin an opposite
direction through the various -9- elenents of the well system 10
(e.g., ininjection operations), a single variable flow resistance
system coul d be used in conjunction with nultiple well screens,

mul tiple variable flow resistance systens could be used with one or 5
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|Iﬁlted 5&' f(hléga h%tgfrégﬁfﬁéagglg g@?icéﬁﬁbf Hgn aﬂ? and

descri bed erein ough the screen, 24 depi cte In FIG 2 is
of the tyPYHEWMPE & tqﬁ%’é-aékﬁltF-’éng nthfef 119 a20BPof Felaft Ed wel |

screen, aﬂyo@ttf‘_rﬁfodgl‘peﬁleoﬁfa&Q&bll@aE[L@ﬂSr@fslM@&ﬂlcé%;@@ﬂﬁn (;&Lica“r a
Z;g;g[gg’f d%ﬂ%?g%g¥9%§1 ﬁ%ﬁ%&l?%L%ﬁgE? angtgtﬁer ébmponen [ cod¥ er
10 bhe 1nterconnected upstream or downstream of the well screen
and/or variable flow resistance system, etc. Thus, it will
be appreciated that the principles of this disclosure are
not limited at all to the details of the example depicted in

FIG. 2 and described herein.

15 Although the well screen 24 depicted in FIG. 2 is of
the type known teo those skilled in the art as a wire-wrapped
well screen, any other types or combinations of well screens
(such as sintered, expanded, pre-packed, wire mesh, etc.)
may be used in other examples. Additional components (such

20 as shrouds, shunt tubes, lines, instrumentation, sensors,

inflow control devices, etc.) may also be used, 1f desired.

The variable flow resgistance system 25 is depicted in
simplified form in FIG. 2, but in a preferred example the
system can include various passages and devices for

25 performing various functions, as described more fully below.
In addition, the system 25 preferably at least partially
extends circumferentially about the tubular string 22, or
the system may be formed in a wall of a tubular structure

interconnected as part of the tubular string.

30 In other examples, the system 25 may not extend
circumferentially about a tubular string or be formed in a




20 as shrouds, shunt tubes, lines, instrunmentation, sensors, inflow
control devices, etc.) may al so be used, if desired. The
variable fl ow resistance system?25 is depicted in sinplified formin
FIG 2, but in a preferred exanple the system can include vari ous
passages and devices for 25 perform ng various functions, as
described nore fully below. In addition, the system 25 preferably at
| east partially extends circunferentially about the tubular string
22, or the systemnay be formed in a wall of a tubular structure

i nterconnected as part of the tubular string. 30l n other exanples,

the syste y. i er i o] r,.string
or be for‘?rléfi?iér?aa %ﬁ??%&rﬁc%ﬁ%?t uggka(rgkél%{?%%t 3%%3 'Int‘%ék)égggazrrsrsal e,

t he syst et®PBl desul fpumed ommed filatastructyreucttee, Bie. sYRfEw st em 25
coul d be iduBs separatL RPYsiane heatsihg ghhachedateadihes tbulr string

22, or it _could be oriented so.that e axis,5 of _the qutlet 40 i,s
paral | el T‘gb‘ﬁ?er SEEE 4%e Fubdl §PutsL rPRGOTIRRERY st &Y€ on

a | og@i ngostirhengrudrledt t4dched pheadldévicethbasxis obtthaibultarlam
h . A i ent at;i f-i [ h d
shape ”é/txoiﬂgﬁ“ aﬁﬂeo%ﬂteﬁo'%s' %PE?E' 80 &h %%ﬁ%ﬁ%@@%@%?e use

in keeping wth the principles of this disc . 10Referting
addi ti onadt52AHEA T A dsVigs &hBt ASnBPE Hebaldedir rd¥RSectAdhal

vi ew of omei axaile ofr thmrsystkanidh b5 £RErependmiiy elay idd usdiddatied.
The systﬁgn? 25. 18 wdeqq,{ cttehed [ nnFI.(? 3A &Fg as if {1l "unrol | ed" from
its ci rcUNEIEHE IR [ BRAPRGPESRA POUF LT oW 15 YReral 1y 15
pl angy, confi gtﬂeaééﬂ‘?m% addi’%ﬁﬁﬂgiﬁ?' H&g fhONEagthen T W d Coupasi tion
36 enters_the system via the_ infet 38, and exits the systemvia
t he detailed cross-sectional view of one example of the system
25 is representatively illustrated. The system 25 is
depicted in FIGS. 3A & B as if it is “unrolled” from its
circumferentially extending configuration to a generally

15 planar configuration.

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

20 characteristics of the flulid composition.

In FIG. 3A, a relatively high velocity, low viscosity

and/or high density fluid composition 36 flows through a
flow passage 42 from the system inlet 38 to an inlet 44 of a
flow chamber 46. The flow passage 42 has an abrupt change

25 1in direction 48 just upstream of the inlet 44. The abrupt
change in direction 48 is illustrated as a relatively small
radius ninety degree curve in the flow passage 42, but other
types of direction changes may be used, if desired.

As depicted in FIG. 3A, the chamber 46 is generally
30 cylindrical-shaped and, prior to the abrupt change in
direction 48, the flow passage 42 directs the fluid
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outlet 40. Aresistance to flow of the fluid conposition 36 through
the system 25 varies based on one or nore 20 characteristics of the
fluid conposition. In FIG 3A, a relatively high velocity, |ow
viscosity and/or high density fluid conmposition 36 flows through a
fl ow passage 42 fromthe systeminlet 38 to an inlet 44 of a flow
chanber 46. The fl ow passage 42 has an abrupt change 25 in direction
48 just upstreamof the inlet 44. The abrupt change in direction 48
is illustrated as a relatively small radius ninety degree curve in
the fl ow passage 42, but other types of direction changes may be

used, if j ; ' [ is
generalIyggﬁééé%%%?rf%%f¥§ﬁgﬁgﬁggng?g%??oggﬁ%eﬁﬁ%a%%fd%?ﬂgﬁgﬁbé% n
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the 11 ui dEGHRR TR SEE I a3aevmbheorBERPE ¢ 515y Thet BkirPn
change& i 48l rladt iiorsteadB cdnfti nuest éatdocbhéi ab@sbént 46 e diientierl 46
via the i 4 i i echi [ ' tl a e
angle A i%l Iezilrgla gﬁgrke?:e g{r}\%n;&g{ \ggstg?g:sgﬁltwgﬁggtéﬁi%do {%c‘)a?n% e% 4
inlet 44 1 §He oift) eleleFivenéof puplradapbstiTert Bon wid IEramhdde f1 ow

ci _rcu: t oush et rmﬁdlﬁtﬁ'idﬂcﬁﬁtllé% o .t hEh@Ufiﬁid%mﬁ&sﬂyﬁ:lﬂi b:2: |v\?illl,
spiral 1 ng_| nwar to t.ne autl et. n contrast, a relative ow
Vol oci 1y U el ey FramachS: F5Tet Pk w8 il iR

f | ows Ot hreseyt-ushld f s edssggendartotohehehembletinlet 44 in FIG 3B.
Note that the fluid composition 36 in this exanple nore closely 15
fol l ows the abfuptoidi@fde PnT@ilpEévedY LU8Yorelde FY ot ishs SAGEF2 tand,
t her ef or esnd f sl dvhreiigh thh&1uabietoddob Dt Dok hes ciashe e éugh dhe

o ecti oncaly ch gl oL WLl panal et oee gnale et HC A0 |
40. The fthatg the fluid compeosgition 36 in this example more closely
15 follows the abrupt change in direction 48 of the flow
passage 42 and, therefore, flows through the inlet 44 into
the chamber 46 in a direction which is only slightly angled
(see angle a in FIG. 3B) relative to the straight direction
50 from the inlet 44 to the outlet 40. The fluid
20 compogition 36 in this example will, thus, flow much more
directly from the inlet 44 to the outlet 40.

Note that, as depicted in FIG. 3B, the fluid
composition 36 also exits the chamber 46 via the outlet 40
in a direction which is only slightly angled relative to the

25 straight direction 50 from the inlet 44 to the cutlet 40.
Thus, the fluld composition 36 exits the chamber 46 in a
direction which changes based on velccity, viscosity,
density and/or the ratio of desired fluid to undesired £luid

in the fluid composition.

30 It will be appreciated that the much more circuitous
flow path taken by the fluid composition 36 in the example
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20 conposition 36 in this exanple will, thus, flow nuch nore directly
fromthe inlet 44 to the outlet 40. Note that, as depicted in FIG

33, the fluid conposition 36 also exits the chanber 46 via the outl et
40 in a direction which is only slightly angled relative to the 25
straight direction 50 fromthe inlet 44 to the outlet 40. Thus, the
fluid conposition 36 exits the chanber 46 in a direction which
changes based on velocity, viscosity, density and/or the ratio of
desired fluid to undesired fluid in the fluid conposition. 30It wll
be appreciated that the nmuch nore circuitous flow path taken by the

fluid co Lid O [ le .12+ :0f re
of "the 1108 & Kt G ih s, AT oF, thpleluid eoilbe GRS UL Y
resul ts iatnpre Famg stlacaate pcw, thyseorpankts t b2 therenicds iffa@ce

gil Ea ecg Bf I t|9<¥\/ mlsdﬂ tak ebnfya e é:fdf r&hédﬁaﬁﬁgﬁbi%oﬁifé%ﬁ hel ex e tefken
. | |1 S. a eslr, ul an wa r a [ asS ar.e .

ihdes, ed¥ | Thtie it PR e L b PE e Bh T Hat T ;% ailow

r esi sttances sy sdeam 25l FLEIGS andAwé&tBrwahil/ pr oyaseatessdasirstdance to

flow of t [ i.1:1QN 1,36 i S i i
desired t%ﬁﬁ%ie%ﬁ}e fqiﬁhjghg%ef ,?%8&%%%&m}?€£ ?%%i e gﬁg%%ggdw

resi st anceef B FANER VST The 5f 1% IE68mpddi &1 Bnvwhbs Rrefetd®edwsF ratio
of desiregedimiaesidgedlidwiod ther €10id compodl iten tiw wihaiier W46 has

a generally cylindrigal ,sha s depi.cted in the exanpl of FIGS. 3A
2 B the T HIGITESES diadt Con CB6 P POnTE N AT B =R 10 REGet 40
is ifA%a ramd afildi nectiigie gheetkirowepastages 420 ubbew edmroftitehd latidupt

change i ncdigsotd o 484 & deteehadqoeneisl by dangany i@l yiflatig to
t he chanber 46 (|.e”h_perpend|cular to aline extending radially from

the cent eflyfd tihered
Since the chamber 46 has a generally cylindrical shape

as depicted in the examples of FIGS. 3A & B, the straight

15 direction 50 from the inlet 44 to the outlet 40 is in a
radial direction. The flow passage 42 upstream of the
abrupt change in direction 48 is directed generally
tangential relative to the chamber 46 (i1.e., perpendicular
to a line extending radially from the center of the

20 chamber) . However, the chamber 46 is not necessarily
cylindrical-shaped and the straight direction 50 from the
inlet 44 to the outlet 40 is not necessarily in a radial
direction, in keeping with the principles of this

disclosure.

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

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

- 13 -




20 chanber). However, the chanber 46 is not necessarily

cylindrical -shaped and the straight direction 50 fromthe inlet 44 to
the outlet 40 is not necessarily in a radial direction, in keeping
with the principles of this disclosure. 25Since the chanber 46 in
this exanple has a cylindrical shape with a central outlet 40, and
the fluid conposition 36 (at least in FIG 3A) spirals about the
chanber, increasing in velocity as it nears the outlet, driven by a
pressure differential fromthe inlet 44 to the outlet, the chanber 30
may be referred to as a "vortex" chanmber. - 13 - Referring
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and/ or | OWRFERRT t4F FURA IFEHMSSsitHCoALBBPE sCharddehe & BRC t iR upt
Changfe i naucilciri1 reed i ordst tcﬂladcﬂg@wihnﬁgrbbﬁi@haﬂﬁﬁlué@cé@lﬁ'léjiﬂ’llﬂﬁtdi on
away fromthe sitraight direction 5 e.g.,,at 15 relatively e
Tt e a st iiful e U P By HRal eofeePrita e il 5
wi | | 0l owExcdm cutiet cusler ddodo tthe coh&dber446 prior to exiting via the
outlet 40. Note that this is the opposite of the situation described
above for FI GIBEIGn 4hi &h TeRetiarali héph) HigPeobtyi skysivgLioqidw
Zgl oci tyhﬁﬁlﬂ/c;j)ﬂ‘ JLIdevqiﬁﬁittyy flhiiad c@mﬁp@ﬁtgbﬁn3§&§mze$]%éﬁ&&We
viat inlet in.a direction i Qon sl i, ght ngl ed .
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40. Howeverdirediimd amiayy fobomt hbeFEG8a i8Rt &ddyvecoidn gl atd .ans iag that
the 35 relatively large angle A to the straight direction). Thus,
the fluid composition 36 will flow circuitously about the

chamber 46 prior to exiting via the outlet 40.

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

abrupt change in direction 48 in the flow passage 42.

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

30 that the fluld composition 36 in this example does not

closely follow the abrupt change in direction 48 of the flow
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25 fluid conposition 36 tends to change direction with the abrupt
change in direction 48 in the fl ow passage 42. In contrast, a
relatively high velocity, |ow viscosity and/or high density fluid
conposition 36 flows through the fl ow passage 42 to the chanber inlet
44 in FIG 43. Note 30 that the fluid conmposition 36 in this exanple
does not closely follow the abrupt change in direction 48 of the flow
- 14 - passage 42 and, therefore, flows through the inlet 44 into
the chanmber 46 in a direction which is angled only slightly relative
to the straight direction 50 fromthe inlet 44 to the outlet 40. The

direct]y ToIne? i HEsTRe oatpup proboSeng SRl TH
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Referrin itional 'y nowto anot her configuration of
the vari af? &£ ¥vow aeSIEPAFEE §Pstbm PBChsmeepreserntatfiiry path taken
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is siml aorr Isncergar'nn%sr %S%%%tig:e%iofluid, and water and/or oll are
undesired fluids, then it will be appreciated that the

15 variable flow resistance system 25 of FIGS. 4A & B will

provide less resistance to flow of the fluid composition 36
when it has an increased ratio of desired to undesired fluid
therein, and will provide greater resistance to fliow when
the fluid composition has a decreased ratio of desired to

20 undesired fluid therein.

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

25 that of FIGS. 3A & B, but differs at least in that the flow
passage 42 is neither radially nor tangentially aligned
relative to the chamber 46, and there is not an abrupt
change in direction of the flow passage just upstream of the
chamber inlet 44 (although in other examples an abrupt

30 change in direction could be used with a flow passage that
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25 that of FIGS. 3A & B, but differs at least in that the flow
passage 42 is neither radially nor tangentially aligned relative to
the chanber 46, and there is not an abrupt change in direction of the
fl ow passage just upstream of the chanber inlet 44 (although in other
exanpl es an abrupt 30 change in direction could be used with a flow
passage that - 15 - is not radially or tangentially aligned with a
flow chanber). In FIG 5A a relatively high velocity, |ow viscosity
and/ or high density fluid conposition 36 enters the chanber 5 46 via
the inlet 44 at a relatively large angle Arelative to a straight

dlrectlon é{g@;é{gﬁ Oug{ o %g% %Eﬁhggé gﬁ%gh$ %ﬁQAquQPDOSItIOH

36, thus, | 50s CIrCUI roug eventual |y
spiralingchﬁmh@ﬂ)to t he outlet 40. 10The fl ow passage 42 has an
i ncreased flow volunme 52 just _upstream of the_chanber_inlet 44, but

the fluid conptditi®n Jo ith HeHetéXaApl 8igh PRECERY f koY h‘él%ﬁ%%ltpfart
does not ghange lﬂigle&idrﬁﬁ‘dyn flihe d rempasedibhows Vehtkies fHorcHamber

Flow ng L O LD Ehanbel, 49, Jinal he sxanpl s PL-ELGnoR A5 ol
the fluid conp03| T on’ has 35 Podst2Val ?ty ncr Vi SCOSi t
and/ or det? eastlraliegiyi 4 resd onh & of Fupd cbﬁpml@to&pm quiklet 40

advant agerd #Neid N ilnowsvokuge, 5@169s05§§&§1%ﬁ£@'1ﬂ&o@g’h0r
to flowing i nto the chanber 463iha the inlet 44. 201t w.ll be

appr col at G {HATATe AhiciirteaL o tPLansing (uatd to the clitlet
40.

10 The flow passage 42 has an increased flow volume 52
just upstream of the chamber inlet 44, but the fluid
composition 36 in the example of FIG. 5A for the most part
does not change direction in the increased flow veolume prior
to flowing into the chamber 46. In the example of FIG. 5B,

15 however, the fluid composition 36 has a lower velocity,
increased viscosity and/or decreased density, and the fluid
composition does take advantage of the increased flow volume
52 to change direction prior to flowing into the chamber 46
via the inlet 44.

20 It will be appreciated that the much more circuitous
flow path taken by the fluid composition 36 in the example
of FIG. S5A consumes more of the fluid composition’s energy
at the same flow rate and, thus, results in more resistance
to flow, as compared to the much more direct flow path taken

25 by the fluid composition in the example of FIG. 5B. If oil
ig a desired fluid, and water and/or gas are undesired
fluids, then it will be appreciated that the variable flow
resistance system 25 of FIGS. BA & B will provide less
resistance to flow of the fluid composition 36 when it has

30 an increased ratioc of desired to undesired fluid therein,

and will provide greater resistance to flow when the fluid




flow path taken by the fluid conposition 36 in the exanple of FIG 5A
consunes nore of the fluid conposition's energy at the sane flow rate
and, thus, results in nore resistance to flow, as conpared to the
much nore direct flow path taken 25 by the fluid conposition in the

exanple of FIG 53. If oil is a desired fluid, and water and/or gas
are undesired fluids, then it will be appreciated that the variable
flow resistance system25 of FIGS. 5A & B will provide |ess

resistance to flow of the fluid conposition 36 when it has 30 an
increased ratio of desired to undesired fluid therein, and w ||

provi de g . I esl e I gfheflLulLd - - jtion
e & decr Slbdt LA HANGG deba o BUA"RERIL 02 (b firdn i un R
angl e of fheld|©Ewyrigsage 42 relative to the chanber 46 (e.g., with

respect to a radius of the chanber) 5 can be varjed to thereby
produce a cor re&ptfy Yfarihed frew BraRegst 82 f Fetrofve 1'R ddSwi t h
certai n vehaahdtr es5 (B .3CQSiviites redeastt t6Sa eadiud mAddid idmmber)

characterjsti .C s di L0 iti t i nereased
o Sy ogh 5 SAHC 3% EIRLCRRoalEE & BherElfodafla WIGIEL o0
provi ded b§sitengsttemZeow @ff Fowids parhi eerbaln|vebixcities,

Ref erri ngypgihdonal | Yae@w i@ sfl €8¢ . 6ATA Baganobher 1eomddigipiald ey of
the variable fl ow resistance system?25 is reprgsent ativel

e
1T ustr at SECH RS VHTMETRIEME: o PPEL SlantEC sy P Eri s Hieiaaesd €A% B
is siml avolumared®y gagspectveirtied]l st labindéd EESThBdgL Be s idithiers

St ruccur PR TR R e e A B S B P nge i
direction of therddOW PR AN YShokwPes! 8RR Of 64 he Ehamkemenl et
44 (altho%%ﬁ%iéhé&é%%ﬁ.%ﬁ?t.%F%a%gaggéugio%hgggféééhégré?%éé%125 is
representatively illustrated. The variable flow resistance
system 25 of FIGS. 6A & B is similar in many respects to
15 that of FIGS. 3A & B, but differs at least in that the
configuration of FIGS. 6A & B includes a structure 54 in the
chamber 46, and there is not an abrupt change in direction
of the flow passage 42 just upstream of the chamber inlet 44
(although in other examples an abrupt change in direction
20 could be used in a system which alsoc includes a structure in

a flow chamber).

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

bypasses the structure 54 via openings 56.

In FIG. 6B, however, the fluid composition 36 has a
30 lower velocity, increased viscosity and/or decreased

density. The fluid composition 36 in this example is able
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20 could be used in a systemwhich also includes a structure in a
flow chanber). In FIG 6A, a relatively high velocity, |ow viscosity
and/ or high density fluid conposition 36 enters the chanber 46 via
the inlet 44 and is influenced by the structure 54 to 25 continue to
fl ow about the chanber. The fluid conmposition 36, thus, flows
circuitously through the chanber 46, eventually spiraling inward to
the outlet 40 as it gradually bypasses the structure 54 via openings
56. In FIG 6B, however, the fluid conposition 36 has a 30

| ower velocity, increased viscosity and/ or decreased density The

e COTReS LA ad:?llﬂe%tl%nt "ﬁiﬁ%ﬂg%d abI E r%rjgows ki a%ﬁ%e i nl et

direction hore r e C anber 4
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depicted in FIG 5 6B as flowing directly fromthe inlet 44 to the

oEt | et 40 via _Z&'[l:m:ﬁﬁjh iﬂ:e?&lﬁﬁﬁi’ belﬁlpweﬂloﬂlt36hwl(ﬁb1b:ﬁ?ww| a{jrstm@dl

that it i no ecessar ar_-t u OSlI on_t 0 I, r t Yy
o Phe S8 {ESHRP e b LA SOIROR 14 ofk ' hd | 50X
in the sy%l@mIEBDP%mldlg t56 $hegehetwesnr yltoehq'@l@riee oinddws tegshithgs

56 to be posidiphed,HdRehhy el WReNriNea! fbkbodidd e HWlR . There

can be so rotation of _.th
dm}ectly from the %nlet to the outlet when the resistance to

flow is reduced in the system 25, and it is no necessary for
10 one of the openings 56 to be positioned directly between the

inlet and the outlet. There can be some rotation of the

fluid composition 36 about the ocutlet 40 when the resistance

to flow is reduced in the system 25, but this rotation of

the fluid composition will be less than it would be if the
15 fluid composition had an increased velocity, decreased

viscosity and/or increased density.

It will be appreciated that the much more circuitous
flow path taken by the fluid composition 36 in the example
of FIG. 6A consumes more of the fluid composition’s energy

20 at the same flow rate and, thus, results in more resistance
to flow, as compared to the much more direct flow path taken
by the fluid composition in the example of FIG. 6B. If oil
is a desired fluid, and water and/or gas are undesired
fluids, then it will be appreciated that the variable flow

25 resistance system 25 of FIGS. 6A & B will provide less
resistance to flow of the fluid composition 36 when it has
an increased ratio of desired to undesired fluid therein,
and will provide greater resistance to flow when the fluid
composition has a decreased ratio of desired to undesired

30 fluid therein.
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fluid conposition 36 about the outlet 40 when the resistance to flow
is reduced in the system 25, but this rotation of the fluid

conposition will be less than it would be if the 15 fluid conposition
had an increased velocity, decreased viscosity and/or increased
density. It will be appreciated that the nuch nore circuitous

flow path taken by the fluid conposition 36 in the exanple of FIG 6A
consunes nore of the fluid conposition's energy 20 at the sane fl ow
rate and, thus, results in nore resistance to flow, as conpared to

t he nmuch nore direct flow path taken by the fluid conposition in the

exanpl e of FI W %éerléi e%lreg £Lg|9¢¥$dg¥w§%§r f“%gf@' gas

are unde5|red Fécra e vari abl e
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ext endi ng” vanes havi ng oné or nore o
vane(s). AE@rHEy vElptize ite yadilsi of, thaeChaphry e 54 ul d be in

the form&frenends SYRIE beumfae&emlyabfyd%@wl d1BCEERRT
walls of the cha er 4 The &a g&u e 54 could $§o ect |nw% d

in

p
and/ or out Wty er élat i ©t ARPTRathE TR Y (RE Gfes
54 cddl d dPerucdia [whigh ¢Mag@nahbytarLaﬁgedmceL¢MEHﬁluﬁd:cdﬁmﬂﬁluuon
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|nfluence the fluid conposition 36 to continue to flow cjircuitousl
about thé“%H&ﬁﬁ%ﬂfﬂ@QﬁQ¢nﬁeW&§§dtPﬁ Reeﬁ?hﬁl%ﬁt?ﬁtqﬂ9§n4%ﬁﬁﬁﬂﬁﬁ¥%ﬁ

rranged so tral ST GHTERLoR Bl FaPF RS BT b Hor i Us. BT A0FEOUSH 15
fl ow of tée HHali dleonddgietriton 8itrelangofer drleetwidowircuitous)
15 flow of the fluild composition 36 to a more direct flow
toward the outlet 40. For example, radially oriented and/or
cupped structures could accomplish this result. Relatively
low density, high viscosity and low velocity flows would
more readily change direction when encounterinq such

20 structures.

Of course, the structures 54 depicted in FIGS. 6A & B
can also accomplish this result (diverting decreased
density, increased viscosity and decreased velocity flows},
due to the fact that their presence somewhat obstructs

25 circuitous flow about the outlet 40, and a change in
direction is required for any portion of the fluid
composition 36 which flows circuiltously about the outlet to
be diverted toward the coutlet. In particular, the openings
56 present opportunities for the fluid composition 36 to

30 change direction and flow more directly toward the outlet
40, and these opportunities will be more readily taken
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toward the outlet 40. For exanple, radially oriented and/or cupped
structures could acconplish this result. Relatively |ow density, high
viscosity and | ow velocity flows would nore readily change direction
when encountering such 20 structures. O course, the structures
54 depicted in FIGS. 6A & B can al so acconplish this result
(diverting decreased density, increased viscosity and decreased
velocity flows), due to the fact that their presence sonewhat
obstructs 25 circuitous flow about the outlet 40, and a change in
direction is required for any portion of the fluid conposition 36

whi ch flomg Ci rcwtojysé}%/ Cgecreasetaedoutlgt to bgeglsé/gr\trled J.ow rd A
outlet. IR TG 55t Vés opportun| i'es he
fluid con@@%IQ&%ﬂﬂ:NElQFIﬂy(ﬂiﬂﬂ?§ d|ﬁécaldﬁsanadffbML®DfQUQhrQRXQ%l
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and decr esQEFRF YA t B 9 -ui (ff‘sg OFPRTEEs FPed2FFEI d ERTF PG RFIEIGR o)
has a el af | tied vE hiigh aungeadittipnand/ ehiahr élavs veiaycmmmmnmatwut
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conp05|t|on 3 Ich flows circuitous
i ncreasi neEylel V&Ff tide thwdckuriss &6t Iaét apyathe af rdetined BL as a

rati o of gesddeebd cFlundesin ethef Irunddi Bohpesit bl CoOMPOSidd On
i ncreases. Although in the exanples depicted in FIGS. 3A-6B, only 10

a singl e inl etaAlhdwsyhusied ther eaaampﬂtelsngeplnetécﬂuild EDRPOSIAiaB) Imliynt O

t he anber .t tSh e provided,
i f dgtsa)l re% flllﬁ%l% anL corrp)é%rﬁs%?lﬂ ba{ngtﬁ&k% % H[Lgl&)chanber 46
via mul tuwremﬁﬂ@t@@zﬁ dinkd tase shampesr 4§epama<ﬂ*éhleyr FEREbehpl e, 15
di fferentmhid 831 4416018 ¢Rhausedpi-aiivban iheadd sl conpasitiam 36

Vel oo 11 SRR (6o Coqdf TPUe LEPoEhe FATINTS F kA (TOHEHES now
to FIGS. iAldds b isousi12@naonaiyementspaftately i pl Bof |ovenghlanvber s 46
in dﬁ%fer&g%ferent inlets 44 could be used for when the fluid
composition 36 has corresponding different characteristics
{such as different velocities, viscosities, densities,
etc.).

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

25 resistance system 25.

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

30 a second chamber 46k, and then to the outlet 40 of the

variable flow resistance system 25.
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configurations of the variable flow resistance system 25 are
representatively illustrated. These configurations denonstrate that
certain advant ages can be achi eved by conbining nultiple flow
chanbers 46 in a variable flow 25 resistance system25. In FIG 7A
mul tiple flow chanbers 46 of the type depicted in FIGS. 3A & B are
connected in series. The fluid conmposition 36 flows fromthe inlet 38
to the first chanber 46a, then froman outlet of the first chanber to
an inlet of 30 a second chanber 46b, and then to the outlet 40 of the

vari able fl ow resi st ance syst em 25 - 20 - By conbi ni ng
mul tiple cha 16 .of. the 8 serjgs,ethe flow resistance
effect of the ow reléfllls garr{ltl:le s gﬁﬁggegsl%gr%faseae accord:i’ﬁog y

Al t hough o ies wd-Teh dniser @efﬁaatbnaeeedépcm efl the IGW 7% si@banaember

and any 55§yt£@m (Schy qsﬁctﬂé%s%tah%cbm@ﬁg% chabessglei 5 add N FI GS.
4A-6B) of chanbers can be connected in Series in keeIEn ng W|th t he

princi pl e%h"?j”fbeEIT*ﬁ &6/ S PFEUAEPIFRCR & F8G- g7 A f A BAtY gyl any
chanber s %&aear&cmﬂnmttexé iotheer tepes| nftbhamlee(mpi@pldﬂeei fiirr FTGS.

charber 4ga %tha%%rtsy%%{ld%@ ggﬁge % ﬁtrﬁ%deptﬁ% By

second chanber I's O
conbi ni ng"Hih tils eERwHPdES 4’6 @f‘-lél fitéﬁéﬁﬁufﬁ@;{pes in series, the flow
resi stance effects of the dl fferent chanbers can be conbi ned to

achi eve unlquén}éi hﬁﬁ ferent types of chambers 46 are
connected in series. In this example, the first chamber 46a

10 is of the type depicted in FIGS. 3A & B, and the second
chamber 46b is of the type depicted in FIGS. 4A & B.

By combining multiple chambers 46 of different types in
geries, the flow resistance effects of the different
chambers can be combined to achieve unique relationships

15 Dbetween characteristics (such as velocity, viscosity,
density, etc.) of the fluid compositicon 36 flowing through
the system 25 and the flow resistance provided by the
system. An example of this is depicted in FIG. 7D, and is

described more fully bkelow.

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

principles of this disclosure.

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

30 other 46b, but instead flows through both chambers in
parallel.
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15 between characteristics (such as velocity, viscosity, density,
etc.) of the fluid conposition 36 flow ng through the system 25 and
the fl ow resistance provided by the system An exanple of this is
depicted in FIG 7D, and is described nore fully bel ow. 20Although
only two chanbers 46a,b are depicted in FIG 73, any nunber, any type
(such as the other types of chanbers depicted in FIGS. 5A-6B) and any
conbi nati on of chanbers can be connected in series in keeping with
the principles of this disclosure. 25In FIG 7C, different types of
chanbers 46 are connected in parallel. In this exanple, one chanber

46a is of the dep| in, Fl 3A & a e her chamber
46b is of the %%ﬁgg cfep‘)gioc ewcgfat t % ﬁf&a@pg? %ﬁgkﬂﬁ]‘ui—% corrprrgbmntl on 36
does not m¢kﬁ¢ﬁk&nﬁhﬁm@a@ﬁa#ﬁepf46aff©rehé Boprot hiar pretnllisdt damsiead
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somewhat }o t.he exanpl e of onbi ning mul tiple chanb% s 46 of
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r el at isonsdongso dietiweers 6 Hdbad hgr thkough(shehspstemlzmatqd tHes ddsiwt y,

de”Sity’ngéi t%ﬂc%lﬁidulﬁkﬁ ?gcgﬂgog g 36 flow ng through the

system 2 Fow resi stance pr ed by the system

Al though only Awo,Rhaymeens 468 Qh3ﬁ8e9§p4§ée@ éfbfﬂéﬁlégéd QQYEﬂHﬁber
any type,&;uch as the other types of chanbers depicted in

5A-6B) and-rarff¥c STt GAYoFYRE $RuFBers i Cb%l%rmfé)@tse@ . n
paral | el d¢hakeen ”gplictled he BEGEC|phesBDfamml&nyhdumhxﬁwuaon of
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in séries or , sSl'nce ers cou i ne both
in seri esp@ﬁtpﬂmie@apél thiisi Aigcipagre- vafiaphernasy ridsiist aste 15

system 2heddddiaut fepanknBerkr 05 taeb@rm@tbm@ﬁ cQ'fl mns sdirSelsogur e.

Referring, addi ti.qn II .NoOwW fI S nce

versus vigStd&d e g nge%ggylgg?wb?¥?Léh$i§] ?ﬁﬁh Fﬁ

conposi t isari¥s fanowiimg peirerdlgh theavaingbt evariable flow resistance
15 system 25, without departing from the principles of this

disclosure.

Referring additionally now to FIG. 7D, a graph of flow
resistance versus viscosity is representatively illustrated
for the fluid composition 36 flowing through the variable

20 flow resistance system 25. Viscosity of the fluid
composition 36 %s used as a fluid characteristic in FIG. 7D
to demonstrate how the flow registance of the gystem 25 can
uniquely vary with changes in the fluid characteristic, but
it should be clearly understood that the flow resistance of

25 the system can also vary uniquely with respect to other
characteristics (such as velocity, density, etc.) of the

fluid composition.

In the example of FIG. 7D, multiple chambers 46 are
combined in the variable flow resistance system 25 to
30 produce a flow resistance which is relatively high when the
fluid composition 36 contains a relatively high proportion
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20 flow resistance system 25. Viscosity of the fluid conposition 36
is used as a fluid characteristic in FIG 7D to denonstrate how t he
fl ow resistance of the system 25 can uniquely vary with changes in
the fluid characteristic, but it should be clearly understood that
the flow resistance of 25 the systemcan also vary uniquely with
respect to other characteristics (such as velocity, density, etc.) of
the fluid conposition. In the exanple of FIG 7D, nultiple
chanbers 46 are conbined in the variable flow resistance system 25 to
30 produce a flow resistance which is relatively high when the fluid

conpositio 36 cotalns arela vel.y hi roportion - f ter
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d| fferent r’ough n-exanpl e € vari ab

resi stance syqieeﬂax%adzj arciaelttmaslwphs&eelolm&l & S0 Schpl dihioh.

exanpl e, a pressure differential across.the system 25 is allowed
vary w t P argeh fow e &36f VRESEFuFaIEht B pr 2y A Ifhe flow
rate thr quugﬁvideeiﬂcsi@ﬁfzéxehlnelfeﬁmde £ 16wed ovhcesgla auﬁmmmpem of

| ndi Gatoreiel Jha Jiasl shagee Lo fLane! brough she, eYSLem, doveyat o

act ual practi ce resi stance Ssys
i nst al | edift FESSwl8R & Fe plasshie axwﬁl%nta aﬂ’r%‘?@’s@s Q#fefeéfﬁlttémlrray

not t vary écf:g:?ssf ItGRNtdys tewen st h@ali@ﬁé??@cﬁ'@éﬂﬂ witbflx@rtl%dl l&tloar t
certain relati ur, IR ave a substantia reat er
flow rat et (ﬁéﬁ% ﬁévgt gﬁ?‘lrgggﬁ Ehﬁoﬁ%ﬁ?% to the flow ratg gf
water through e System. FEB%?@Ht beL £1§<9r{’?055‘> V& hdle i, gertain

relative flowrate, signi ffi cant nor e p essur'e drop across
15 provides a convenient indicator of the resistance to flow

through the system. However, in actual practice, when the
variable flow resistance system 25 is installed in a well,
the pressure differential across the system may not vary

gignificantly over time.

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

25 the gystem 25 is required, as compared to the pressure drop
at the same flow rate of oil. Thus, less resistance is
provided to flow of a desired fluid (cil in this case), and
greater resistance is provided to flow of an undesired fluid

(water in this case).

30 Although various configurations of the wvariable flow

resistance system 25 have been described above, with each
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25 the system 25 is required, as conpared to the pressure drop at the
same flow rate of oil. Thus, less resistance is provided to flow of a
desired fluid (oil in this case), and greater resistance is provided
to flow of an undesired fluid (water in this case). 30Although
various configurations of the variable flow resistance system 25 have
been descri bed above, wth each - 23 - configuration having certain
features which are different fromthe other configurations, it should
be clearly understood that those features are not mutually excl usive.
I nstead, any of the features of any of the configurations of 5 the

system 25 8'1%%&%@?1&?%}’&%1’}@’ %%tgiﬁd fg@a}:nr %y&gﬁi lélha?ré)t 'effej;fnt

confi gurafions exa e structure e sys
confi gur afToR Hepithar |Cr?IFEI1@9raGAO&SB gbupopbduBedcier®ly of the

syst em cophd&ts dd PN sl r2AtbBesande 7TA-E. m&@&élISB-YeM\MﬁQref ully
appreci at ed th t he aQP§$1 gsclosure ErOV|de$ ap é&ﬁ
advancenehtg® ?% e ark § E§ACHERRGOF1 AT PToW's Y eI Yratipss of
vari alsl e theveyesistzhcksydbed 25opromadebe nosed resilstanceft ¢He ow

of the flu ofRosd whe t ns r e 15
fluid, and Sk IO 4O 30 ok eFaRbIL LD e el MoV el

st e%_bﬁggﬁw es [ess resfistance to
conp03|t|%hﬁvm@ 3 tc R ippr 8epichedesnr BEGS. 62 & B could be
used in any of the system configurations of FIGS. 3A-5RB, and
Th-C.

10 It may now be fully appreciated that the above
disclosure provides a number of advancements to the art of
regulating fluid flow in a well. The wvariable flow
resistance system 25 provides more resistance to flow of the
fluid composition 36 when it contains more of an undesired

15 fluid, and the system provides less resistance to flow of
the fluid composition when it contains more of a desired
fluid. The advantages are obtalned, even though the system
25 is relatively straightforward in design, easily and

economically constructed, and robust in operation.

20 In particular, the above disclosure provides to the art
a variable flow resistance system 25 for use in a
subterranean well. The system 25 can include a flow chamber
46 through which a fluid composition 36 flows in the well.
The chamber 46 has an inlet 44 and an outlet 40. The fluid

25 composition 36 enters the chamber 46 via the inlet 44 in a
direction which changes based on a ratio of desired fluid to

undesired fluid in the fluid composition 36.

In examples described above, the fluid composition 36
may flow into the chamber 46 only via the inlet 44. 1In
30 other examples, there may be multiple inlets 44 to the
chamber 46.
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fluid. The advantages are obtai ned, even though the system?25 is
relatively straightforward in design, easily and econom cally
constructed, and robust in operation. 20l n particular, the above

di scl osure provides to the art a variable flow resistance system 25
for use in a subterranean well. The system 25 can include a fl ow
chanber 46 through which a fluid conposition 36 flows in the well.
The chanber 46 has an inlet 44 and an outlet 40. The fluid 25
conposition 36 enters the chanber 46 via the inlet 44 in a direction
whi ch changes based on a ratio of desired fluid to undesired fluid in

the fluid conpgsitd : I desey | , £ hui d
corrpos:J!ti on 36 n%yéﬁ]cow _i2n5t gatnhgﬂgﬁg%ggp'ﬁgg %n%{“\gﬁga%%%é?nﬁés&ighu: n
30 ot her @kEaptesthe Hehel drprpeshfierpPe Fal Bhs ¥alelo 4he Hemtfdrovye.

- 24 - Thessysd em 2oeanndl $@ apehipde caahbew Ragsage: fen W ch
directs the fluid qﬁggasitio% 36 to the inlet 44. The fl ow passage 42
may have RrCEHREt M-S “direction 48 proximate the inlet 44

may bS al i gnod moraeul el b, WpEatatebe CARORL e SRR Ty
be aIigne@ﬂE&?ﬁ#Qﬂl?ﬁ m&ngéﬁt@éneveﬂegapﬁveliﬁ radizhbngeglafeivy (fo
ot her exafm esharihe fAOWPASEIIB4d1MBMcBCgahs BHEDY Nedd St Fadiyal |y
nor tangeggiéﬂigg to the chamber 46. In other examples, the flow
passage 42 may be aligned neither radially nor tangentially
10 relative to the chamber 46.

The system 25 can include at least one structure 54

which influences any portion of the fluid composition 36
which flows cilrcultously between the inlet 44 and the outlet
40 to maintain such circuitous flow. The structure 54 may

15 comprise at least one of a vane and a recess. The structure
54 may project inwardly or outwardly relative to a wall of
the chamber 46. The structure 54 may have at least one
opening 56 which permits the fluid composition 36 to flow
directly from the inlet 44 to the outlet 40.

20 The system 25 can include at least one structure 54
which influences a portion of the fluid composition 36 which
flows circuitously between the inlet 44 and the outlet 40 to
flow more directly toward the outlet 40. The portion of the
fluid composition 36 may be increasingly influenced by the

25 structure 54 to flow more directly toward the outlet 40 as a
viscogity of the f£luid composition 36 increases, as a
density of the fluid composition 36 decreases, as the ration
of desired to undesired fluid in the f£fluid composgition 36
increases and/or as a velocity of the fluid composition 36

30 decreases.
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10 relative to the chanber 46. The system 25 can include at

| east one structure 54 which influences any portion of the fluid
conposition 36 which flows circuitously between the inlet 44 and the
outlet 40 to maintain such circuitous flow The structure 54 may 15
conprise at | east one of a vane and a recess. The structure 54 may
project inwardly or outwardly relative to a wall of the chanber 46.
The structure 54 nay have at | east one opening 56 which permts the
fluid conposition 36 to flow directly fromthe inlet 44 to the outlet
40. 20The system 25 can include at |east one structure 54 which

i nfluences a i fl.ui.d_c Lt 3 i
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i ncr easesand hend |aitd edorgosi hhen d3Geptéber abé yf Ihdivscompass idiireec tlsy
fromphe Lolels 4hd Qilhpaileety140:a8 Lhect Al ot desigedd!uid to
undesired urd 1 ncreases. ] straight direction y extend
bet ween tHelatiner t4 tAed stAe16GE 8iraotioneS i retih o maglaui (Fuch

conposi t i 3651E enteics d)hecthanbiepedBent ach e dH Lictdd B P&SF
angl ed retl aéié’%'tcf) Ctor&le Sstirtq‘_i %h%@di rection 50, with the angle (such as
angles A éhd g)Jbeingpﬁbpenabn on a characteristic of the fluid

conposi tion 3%%& above disclosure also describes a well system 10

15 which can include a variable flow resistance system 25
through which a fluid composition 36 flows between a tubular
string 22 and an earth formation 20 surrounding a wellbore
12 of the well system 10. The variable flow resistance
system 25 may include a f£low chamber 46 through which the

20 fluid composition 36 flows, with the chamber 46 having an
outlet 40 and only one inlet 44. The fluid composition 36
may flow more directly from the inlet 44 to the outlet 40 as
a ratio of desired fluid to undesired fluid in the fluid

composition 36 increases.

25 The fluid composition 36 may enter the chamber 46 via
the inlet 44 in a direction which changes based on the ratio
of desired fluid to undesired fluid in the fluid composition
36. Preferably, a straight direction 50 extends between the
inlet 44 and the outlet 40, and the direction the fluid

30 composition 36 enters the chamber 46 via the inlet 44 is
angled relative to the straight direction 50, with the angle
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The above disclosure al so describes a well system 10 15 which can
include a variable flow resistance system 25 through which a fluid
conposition 36 flows between a tubular string 22 and an earth
formati on 20 surrounding a well bore 12 of the well system 10. The
vari able flow resi stance system 25 may i nclude a fl ow chanber 46

t hrough which the 20 fluid conposition 36 flows, wth the chanber 46
havi ng an outlet 40 and only one inlet 44. The fluid conposition 36
may flow nore directly fromthe inlet 44 to the outlet 40 as a ratio
of desired fluid to undesired fluid in the fluid conposition 36
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Preferably, a stral ht direction 50 exten tmeen the inlet 44 and
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t he chanbﬁlovﬂ&:emastidm:a et edvl 2i5s watighedaneiatiwde to flher sitaaibgit

di recty oy M{}i ac@pgl glulgﬁcom gsapgoge%ngf&s o, the. rahio of
desired f to esire I P ui d” conposi tion
Al so desc?lﬁ%éﬂlaé'}betmé%@@\ﬁea@l dolesuté. i §na0\?%1l¢‘ab4fé fansly atesies=dnce

syst em 25%nhi S e Glaude i anf Ilﬁ\ﬁlaaae‘agr 5rﬁ1§oﬁ§1r<§>pg!he\!\/fmqﬁ@ fluid

conposition 36 fl.ows e ch has a nlet 44, an
oot et actor LI 28 R E i Tae.cherbet 42 s an 1 S HerEtodd of
t he fl ui drrebnpesidutdet36 owtrioc mafihbwini suaht oisdyi hetsweElow .he inl et 44
and the outlet 40 to maintain such circuitous flow. 10The structure
54 cadf i ncr easiifylsFaustuFendé £RE pBFreeaingly influence the portion

of the fluid composition 36 which flows circuitously between
the inlet 44 and the outlet 40 to flow more directly toward
the outlet 40 as a ratio of desired fluid to undesired fluid
in the fluid composition 36 increases, as a viscosity of the
15 fluid composition increases, as a density of the fluid
composition decreases and/or as a velocity of the fluid

composition decreases.

It is to be understood that the varicus examples
described above may be utilized in various orientations,

20 such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of the present disclosure. The embodiments
illustrated in the drawings are depicted and described
merely as examples of useful applications of the principles

25 of the disclosure, which are not limited to any specific
details of these embodiments.

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

30 modifications, additions, substitutions, deletions, and

other changes may be made to these specific embodiments, and
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of the fluid conposition 36 which flows circuitously between the
inlet 44 and the outlet 40 to flow nore directly toward the outlet 40
as aratio of desired fluid to undesired fluid in the fluid
conposition 36 increases, as a viscosity of the 15 fluid conposition
i ncreases, as a density of the fluid conposition decreases and/or as
a velocity of the fluid conposition decreases. It is to be
understood that the various exanpl es described above may be utilized
in various orientations, 20 such as inclined, inverted, horizontal,
vertical, etc and in various configurations wi t hout departing from
t he prinC| es of the resen Iosure e_enbodi ments ill rat ed
in the drd }hg%ha&i%esdégﬁi 8sEFPBEd°EeF%?yP%an%%P£r€p‘i 32%"‘

usef ul apmwasnnu(ﬂwsqﬁosdne prmncppﬁesgIQ ofh¢ hEodesud os uteg,aidld@dch are
not limt \/ ity e det o] 5@g§

cour se, a&%seérlgloﬁh SokI;fB]%C J %et %é%%&iy En{igﬁéﬁogﬁb%ic %Iglven bg
consi der a‘f"ﬂbrP%flJt]ﬁts%}@ndé@éf ?EFF‘WBFieoPner the pFriseft AN &scope
enbodismens s, tH@qﬂielsserﬁpii&ﬁ@mhemt bat nganym80e A0sh T d LAt ISHe

addi ti ons suqix%bginns ﬁtagns uggg otger changes may be nmade to
t hese Spéﬁ?l enodi Ents SRELE SHuIvaLs thanges are wthin the
scope of the principles of the present disclosure. Accordingly, the
foregoi ng detail ed description is to be clearly understood as being
given by way of illustration and exanple only, the spirit and scope 5
of the present invention being limted solely by the appended cl ai ns
and their equivalents. - 28 - WHAT IS CLAIMED I S:
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1. Avariable flow resistance system (25) for use in a subterranean
wel |, the system (25) conprising: 5a flow chanber (46) through which
a fluid conposition (36) flows, the chanber (46) having an inlet
(44) and an outlet (40), and wherein the fluid conposition (36)
enters the chanber (46) via the inlet (44) in a direction which
changes based on a ratio of desired fluid to undesired fluid 10 in
the fluid conposition (36). 2. The systemof claim1, further
conprising at |east one structure (54) which influences a portion of
the fluid conposition (36) mhich flows circuitously between the inlet

15 (44) and ”\ﬁ;zﬁf‘t ta ISZéS%E flow nore directly toward the outl et
: S

(40). 3. ystem IO) conprising: a variable flow
resi stance systen1(25) t hrough which a 20 fluid conposition (36)
fl ows between a tubular string (22) and an earth formation (20)

surroundi ng a _wel I Qorﬁx(lb%)leOfflbher\é@hlstéﬁééegiféﬂ-@(ﬁ1 (e ey el en
flom/re3|sta ce sten1§$gﬁ. Iudln hg chanber 46) through
which the® ¥ céﬁﬁﬁg}t f FV8 chafREtS1285)  having an

out | etz 25(40 | 8ASH nI e
conpo§|t|gn (%% :?%%ms nDF%n ﬁFec?F ﬁé%n?? ghr% %?ﬁ?%{ﬁﬁFuéﬁ$lon
out| et (4636 )astpvsat |t6'190f‘3h@é‘§ieﬁ-’ed4f5 uhavisguddestteld 44 dich ahe

fluid conpesidd omud)36)arideheases. the291uiddedhosSysiam ofs)Claitars,
wherein tﬁg fluw% . . . . . .
t chamber (46) wvia the inlet (44) in a direction which
changes based on a ratio of desired fluid to undesired fluid

10 in the fluid composition (36).

2. The system of c¢laim 1, further comprising at least
one structure (54) which influences a portion of the fluid
composition (36) which flows circuiltously between the inlet

15 {(44) and the outlet (40} to flow more directly toward the
outlet (40).

3. A well system (10), comprising:

a variable flow resistance system (25) through which a
20 fluid composgition (36) flows between a tubular string (22)
and an earth formation (20) surrounding a wellbore (12) of
the well system (10}, the variable flow resistance system
(25) including a flow chamber (46) through which the fluid
composition (36) £flows, the chamber (46) having an outlet
25 (40 and at least one inlet (44), and wherein the fluid
composition (36) flows more directly from the inlet (44) to
the outlet (40) as a ratio of desired fluid to undesired

fluid in the fluid composition (36) increases.
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conposition (36) nmoves within the chanber (46) toward the outlet (40)
in a direction which changes based on the ratio of desired fluid to
undesired fluid in the fluid conposition 5(36). S.The system of claim
1 or claim3, further conprising at |east one structure (54) which

i nfluences any portion of the fluid conposition (36) which flows 10
circuitously between the inlet (44) and the outlet (40) to nmaintain
such circuitous flow. 6. A variable flow resistance system (25)
for use in a subterranean well, the system (25) conprising: 15a fl ow
chanber (46) through which a fluid composition flows in the well, the

chanber (46) ha V|ngﬁ§g -] 1$%%Qﬁ4%ﬂa§a QUtkﬁEré49)Ehé”f1 | east one

structure (54) whi ences portion o conp05|t|on

(36) whi cEOTIPRWSE ¥ cli &) o@@‘@ﬁsbé’tl%@éﬁ the Phﬁ@be{4h‘§5hn‘tp"faﬁéi e et
20(40) t oowed &t a(zrn)smqh aC'dlciléldthbﬁl the@¥h changed. bdded s:y@ttﬂ{a qfatqlcal m

5 or cIa| wher structure (.5 gast one aof a
Vane and & APty o GG SOtV ERTRR) B2, Bl d Bl e¥od
whereisn th&structure (54) projects at |east one of inwardly and
outwardly relative to a wall of the chanber (46). - 30 - 9.
The systemof claim5 or claim6, wherein the

5. The system of claim 1 or claim 3, further
comprising at least one structure (54) which influences any
portion of the fluid composition (36) which flows

10 circuitously between the inlet (44) and the outlet (40) to

maintain such circuitous flow.

6. A variable flow resistance system (25) for use in

a subterranean well, the system (25} comprising:

15 a flow chamber (46) through which a fluid composition
flows in the well, the chamber (46) having an inlet (44), an
outlet (40), and at least one structure (54) which
influences a portion of the fluid composition (36) which
flows circuiltously between the inlet (44) and the outlet

20 (40) to maintain such circuitous flow.

7. The system of claim 5 or claim 6, wherein the
structure (54) comprises at least one of a vane and a

recess.
25

8. The system of claim 5 or claim 6, wherein the
structure (54) projects at least one of inwardly and

outwardly relative to a wall of the chamber {(46).

- 30 -




structure (54) has at |east one opening (56) which permts the fluid
conposition (36) to flow nore directly fromthe inlet (44) to the
outlet (40). 5 10. The systemof claim3 or claim®6, wherein
the fluid conposition (36) enters the chanber (46) via the inlet (44)
in a direction which changes based on a ratio of desired fluid to
undesired fluid in the fluid conposition 10(36). 11. The
system of claim 10, wherein a straight direction (50) extends between
the inlet (44) and the outlet (40), and wherein the direction the
fluid conposition (36) 15 enters the chanmber (46) via the inlet (44)

is angled relative t i .l ecLi.o ) | { |l e
bei ng dependeﬁ%' on 'ftl‘%e sB%tt%y g)ffggt%gl’q}rne %llfu?%iéf%g %h\é\dé}g%% fluid in
the flui dSeomposia i Gt)( I@s axplpasthensysperiby €@l i rariimse,

wherein tge f# Ui itdiom ((3€) Ebowsoknheré heisdaberrdd)renl y
via the |nlﬁt (4%@. 13. .The S s%eg1§5 claiml1, claim3 or claimb§,
further 25Ot iﬁ&&ﬁ%&ﬁé& sag8’ ¢42) which directs the fluid
conpogi tion (36) to the inlet (44), and wherein the flow passage (42)
has an abrupt change in direction (48) proxinmate the inlet (44). - 31

i} 14. The sysieMQfstehficn L3a:Mher §kncihen f4 owpassage HA2)
upstream of the abrupt change in directjon (48) is aligned ggyerally
radi al |y Feti iSRS HHECHAMBe FAFEET . T3 5chaRely 61om ofd dig gt
wherein thet)f liowegpakisageion which changes based on a ratio of

desired fluid to undesired fluid in the fluid composition
10 (36).

11. The system of claim 10, wherein a straight
direction (50) extends between the inlet (44) and the outlet
{(40), and wherein the direction the fluid composition (36)

15 enters the chamber (46) wvia the inlet (44) 1is angled
relative to the straight direction (50), with the angle
being dependent on the ratio of desired fluid to undesired
fluid in the fluid composition (386).

20 12. The system of c¢laim 1 or claim €, wherein the
fluid composition (36} flows into the chamber (46) only via
the inlet ({44).

13. The system of claim 1, claim 3 or claim 6, further
25 comprising a flow passage (42) which directs the fluid
composition {(36) to the inlet (44), and wherein the flow
passage (42) has an abrupt change in direction (48)

proximate the inlet (44).
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(42) upstream of the abrupt change in direction (48) is aligned
generally tangentially relative to the chanber (46). - 32 -

14. The system of claim 13, wherein the flow passage
(42) upstream of the abrupt change in direction (48) is

aligned generally radially relative to the chamber (46).

5 15, The system of claim 13, wherein the flow passage
{42) upstream of the abrupt change in direction (48) is
aligned generally tangentially relative to the chamber (46).
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