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FLOW NAWELL 10 TECHNI CAL FILELD This invention relates generally to tools

and net hodsyd gieshganagdi ng fluid flow in wells, particul arlyoRidoRs336as
wells. A particular inplenmentation of the tooI of the invention is a

unitary flow control device 15 that can function as a valve, a fluid flow
sensor and neter, an electrical generator and a punp BACKGROUND In the
oil and gas industry, well and reservoir nmanagenent is an 20 inportant
aspect of efficient and econom cal production of oil and gas. Fluid -flow,
such as of the oil and gas being produced,' needs to be. _nonitored and
controlled. There 'are various flow sensing devices, flow netering' devices
and val ves used in downhol e pipe or tubing strings to performthese
functions. Wth changes in the industry, however, there is the need for 25
i mproved tools andnet hods. One of these changes.is that -nore conplex wells
are being drilled. For exanple, horizontal wells and wells with nultiple"
| at eral bores extending WO 01/ 06090 PCT/US00/19330 -2 froma main

borehol edare being drilled to inprove hydrocarbon recovery rates at
reduced cost relative to drilling nmultiple individual vertical wells.

Anot her of these changes is that nore and nore control is being put
downhol e to inprove recovery to cost ratios. A presently evolving area uses
5 intelligent tools applying mcroprocessor and conputer technology in the

TOOL AND METHOD FOR MANAGING FLUID
FLOW IN A WELL

10
TECHNICAL FIELD

~ This invention relates generally to tools and methods for managing

fluid flow in wells, particularly oil or 'gas wells. A partlcular

1mp1ementatlon of the tool of the invention is a umtary flow control device

15 that can function as a valve, a fluid flow sensor and meter, an electrical
generator, anda pump.

BACKGROUND

In the oil and gas industry, well and reservoir management is an
20 impartant aspect of efficient and economical productian of oil and gas. Fluid
flow, such as of the oil and gas being produced needs to be, momtored and .
controlled There are various flow sensing dev1ces, flow metermg devices
and valves used in downhole pipe or tubing strings to perform these
functions. With changes in the industry, however, there is the need for
25 improved toolsand methods.

One of these changesis that more complex wells are being drilled. For
example, horizontal wells and wells with multiple lateral bores extending



borehol e. These and other types of tools require sone source of electricity
‘to operate. Typically these sources have included power generating

equi prent  wbolgeesurface with wireline connections to the pg@wsbiiogsest ool or
sel f - cont ai ned downhol e sources such as batteries contained in the tools io
thensel ves. To provide another source, thgre is the .need for a downhole
generator that is powered by a well's owmn flowng fluid. As a specific
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separate injection well or other water disposal system Accor
is the specigeneraterghabis powereg byvaewellsowmflawing fluid.wi t h which to perform
30 downhol e water separation and reinjection. Mre generally, there is the
need for an i nprodsda tspetifignsituation anisag narweihandenesdnwr:]ihomnagelnmntr,ﬁl
WO 01/ 06090 PCT/. 3 - Ltor flui.d flgw . There is also e
need for su Cﬁga{élﬁég%/r}lg)ﬁh(grv ga?r@&? harmﬂh g makﬁ’ b%rellloe from which severai

- lateral boreholes extend. In this, as with other structural types of oil or gas

(

15 wells, undesirable water may be produced with desired hydrocarbons. The
water needs to be separated from the hydrocarbons, and in at least some
instances, injected back intothe well or intoa disposal well. This typically
requires producing the entire stream to the surface from which the well has
been drilled (or to a platform or other water-surface facility for offshore

20 wells), separating the water from the hydrocarbons at the surface, and then
returning the separated water to the well or to another well. I would be
desirable to be able to do this separating and reinjecting downhole to save
the time and expense of producing the water all the way to the surface and
then returning it back intothe ground. Additionally, if the water could be

25 separated andleft downhole, more hydrocarbons could be produced in the
volume previously occupied by the water. This might also obviate the
necessity of having separator equipment at the surface and of having a
separate injection well or other water disposal system. Accardingly, there is
the specific need for an improved tool and method with which to perform

30 downhole water separation and reinjection. More generally, there is the
needfor an improved tool and method that can be used downhole to control



capability of generating electricity in response to fluid flowin a well, _
such that the electricity can be used in the control aspect as needed; for °
exanpl e. WoBSUMWMRY The present invention neets the af orecusdeagsss needs by
providing a novel andinproved tool and nmethod for managing fluid flowin a
well. The tool andnethod can be used -gpwnhole in a well to control and
nmonitor fluid flow, such as could be used in reinjecting water downhole.

The presenandGnihiterifivid AR al_‘lserebi@ dlsethé ace@fer aich 8! ®el té hak wWhewnhol e
in response t fluid fl ow ng a well. The present |nvention conbines
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conbi ned mnt generator 15 and punp nct 1 ons.

can be used such that one generates electricity downhole to power the
other tool to operate as a punp. For exanple, one tool can be. used in one
flow zope of the well to generate sﬂq?ﬂmm@yty in response to fluid flowin
that zonhe, and the electricity fron1t at tool used to power the other tool

| ocated in anotJitﬁE ;égﬁ/tw , used P{@éﬁferﬁ 131%4’3%3%6{,@ %&ﬁgﬁgl nto the

formati on. That rcan a voi r
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can be usediow sarchaéﬁ caulélabk Iﬁ)éedsﬁuli'@m]éhtﬁ@wm& diﬁnﬁﬁﬁél Uﬂhé\ﬁ’prbﬁerﬂr aw ng
down in anot her i sectio

rse, a single puylti tion tool of the
presentOi niRYENtON caR aggo b@é%fe torgenerateclegiriqity dt%’d’g‘é’fe inrespamrsedd a

val ve, flo®i L3t@L, or a punp; and two or nore tools can be used
to work togﬂ xg%ﬂ?as suggest ed above |n the exanples of two tools of

e LT o 8, Bkt it SRR AR, R SHe° i ing”
functmns. A particular 1mplementat10n of the tool of the present invention
provides valve and metering functions combined with electrical generator

15 and pump functions. Two such tools can be used such that one generates
electricity downhole to power the other tool to operate as a pump. For
example, one tool can be used in one flow zone of the well to generate
electricity in response to fluid flow in that zone, and the electricity from that
tool used to power theother tool located in another flow zone in which water

20 istobereinjectedintotheformation. That power can alsobe used to control
flow and do reservoir evaluation on another zone. As other nondimiting
examples, the present invention can be used in horizontal well sections to
keep water contact from propagating down a selected length of the
horizontal section, and it can be used to create a back pressure in one well

25 section while drawing down in another section. Of course, a single multi-
function tool of the present invention can be used alone in any of its modes,
whether as a valve, a meter, a generator, or a pump; and two or more tools
can be used to work together such assuggested above in the examples of two
tools of the present invention. Tlius, the present invention has advantages

30 apparent from theforegoing.



-4 The tool of the present invention generally conprises an outer body

"having an opening defined in a side wall of the body. A flow control bo
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in a well in which a flow contral device is located, the flow control device
having a body in which an opening is defined between an annulus outside
the body and a flow channel inside the flow control device, and the flow
control device also having a rotar and a plurality of electromagnetic
members. Themethod comprises operating the flow control device in either
a generator mode or a pumpmode.

The method of managing fluid flow in a well can also be defined as
moving the flow control body, the rotar, and the electromagnetic members
together toselectively block or unblock the opening. In a particular version
of this method, the flow control body, the rotar, and the electromagnetic
members are moved axially within the body of the flow control device. For
example, this can include energizing a motar coupled in the flow control
device to theflow control body, the rotar, and the electromagnetic members.
As another example, thiscan include applying to the flow control body, the
rotar, and the electromagnetic members a longitudinal mechanical force
originated outside theflow control device.

The present invention also provides a method of managing fluid flow

-



rota, and the el ectromagnetic nmenbers a |ongitudinal nechanical force 30
originated outside the flow control device. The present invention also
provi des woreepéosel of managing fluid flow WO 01106090. PCTp&486H0A95360 -5 in
a well defined as conprising: producing a fluid from a subterranean
formation into the well, the fluid indgding hydrocarbons and water;
separating, in the well, water from hydrocarbons of the fluid; and
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fl ow contr 5 al so having a rotor and a plura
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the first flow gontrol device, selectively operate together as either a
generator or a esgh invisRdionealsgproyigder ersy stem tfhemanaging fhsfifiow a
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15 alsohaving a rotar and a plurality of electromagnetic members such that
the rotar and electromagnetic members of the first flow control device
selectively operate together as either a generator or a pump; a second set of
packersin thewell to define a secand zone; and a secand flow control device,
the second flow control device disposed between the secand set of packers in
20 thewell, thesecond flow control device having a body in which an opening is
defined between an annulus outside the body and a flow channel inside the
secand flow control device, and the secand flow control device also having a
rotor and a plurality of electromagnetic members such that the rotar and
electromagnetic members of the second flow control device selectively
25 operate together aseither a generator or a pump.

Therefore, from the foregoing, it is a general object of the present
invention to provide a novel and improved tool and method for managing
fluid flow in a well. Other and further objects, features and advantages of
the present invention will be readily apparent to those skilled in the art

30 when the following description of the preferred embodiments is read in
conjunction with the accampanying drawings.



25 operate together as either a generator or a punp. Therefore, fromthe
‘foregoing, it is a general object of the present invention to provide a
novel and iwdpo6ess t 0Ol and met hod for managi ng. .fluid fl opctoseessol .
Cther and further objects) “features and advant ages of the present
invention will be readily apparent to thqge skilled in the art 30 when the
follow ng description of the preferred enbodinents is read in conjunction
wi th the accanpany ing drawi ngs. WD 01/ 06090 PCT/ US00/ 19330 -6 BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 illustrates a multi lateral well in

Vicw of ' pref erred enbiiie PLCRIETION OF PRl DRAWANGS; T C P70 R
viv rred i . |
DESCR P N 10 A Tigt o HjdbedthF a Bttt R, WhiE! S Fool dRHE e o,

the presentinventivn isrusedn be used is shown in FIG 1. The well includes a
main  borehole 2 fromwhich deviated or horizontal |aterals 4 and6 extend.
In the iglustratFie2 ishe séctichiadlvibaroftopesferedermbeditdt énd efctthietool of the
respectlve formations. ,The formation into which the |lateral 4 extends

cont ai ns hydP’&%Fth‘ée‘&W% xed with water, and the formation into which the
| ateral 6 extends_has . hydrocar bons, wi t hout I ficapt water. The bottom
of the main bor ehBiGe PisaPMECEY HHieWh ti’@i\‘ﬁé‘ﬁtrﬁéﬁ(ﬂmm@ -yet anot her
formati on whi ch does not produce hydrocarbons but into which water can be
I njected for disposal. 20 Theboreholes are drilled and conpleted in known

manner and are not limting of the resent I nvention; however, the
illustration of FIG 1 provi dePER RIBYVION: expl ai ni ng vari ous
aspects of the present invention

10 A multidateral well illustrating one environment in which the

present invention can be used is shown in FIG. 1. The well includes a main
borehole 2 from which deviated or horizontallaterals 4 and 6 extend. In the
illustration, thelateral boreholes 4, 6 aredrilled intorespective formations.
The formation into which the lateral 4 extends contains hydrocarbons

15 mixed with water, and the formation into which the lateral 6 extends has
hydrocarbons without significant water.

The bottom of the main borehole 2 extends along a horizontal path
into yet another formation which does not produce hydrocarbons but into
which water can be injected for disposal.

| 20 Theboreholes aredrilled and completed in known manner and are not
limiting of the present invention; however, theillustration of FIG. 1 provides
a convenient way for explaining various aspects of the present invention.
Further regarding the boreholes, they can be cased/lined or
uncased/unlined as needed and fluid lossmeasures can be used as needed, all
25 asknown in theart;accardingly, noneof these details as to the environment
are further described or intended to be represented in any particular
manner in the drawings.

Regarding the equipment illustrated in FIG. 1, this also is only
illustrative of the present invention. It does however, show one type of



Further regarding the boreholes, they can be cased/lined or
uncased/ unlined as needed and fluid | oss neasures can be used as needed,

all 25 advQeiMepP0i n t he art; accordingly, none of these PETAISOY1NAM to the
environment are further described or intended to be represented in any
particular manner in the draw ngs. Re@arding the equipnent illustrated in
FIG 1, this alsois only illustrative of the present invention. It does,
however, dinplemreatatipe fafaspectslof 056 flethod oUENOPIEABinventiomp! enent ati on f or
aspects of thenethod of the present invention. Located in the nmain borehole
2 is a product Lonatedr imgh® miia bprédlet2 ois at producBionostdng s8t o Ehel

communi cates ,wi th a downhpl e rodyction assenbly 10. 5, The wnhol e
product i orPré@é‘étr}B?yStFm@ %c‘?%’%&f{)%lltﬁa@ﬁ@r cgglrmmgga B itht ?o%%ﬁ'"{]lph% whi ch
i's set in pgrioducehssetnbly ksown nanner. The packer 12 seals the downhole
production assenbly i o fromthe annulus 14 above the packer 12 and

outsi dg the pradiecabeiihsle phedifetic asseNbloh® phaddes iaogaaeﬁé?fiia' bfi al so
i ncludes a tool 16a of the , 10 present invention. In thé environnent
i | | ust r at e@nvantiopplstype (pbichois setain thetherehale dnoknewnnmannaret iTre f r om

the |ater ' ' QUG £&1 it roduction
string 8. c%ﬁ%?%%%% %o%%@%@@mﬁggxs | npofﬁg‘%gltw%égll{@ﬁs&g“n t he

axi al fl oabhovathepatkerm2 hndioutgdethepraduectiondtring@ons fromthe | ateral 4
enter the tool 16a after being 15 separated fromwater through a separator

18. The separ atThe d@vilolefpraduction assenmblyl 10 abso ihchrdes)aatgul a,.6 aa0f the

{1 ui atr odd e BB ot R BRART G 3. HEISF g e

hydr ocar bafigterd g dpuchirbonprotsctidftciPthd lat&adls inhea Al AWl Gw Rhadher i on

assenbly 1 o and specifically info the axial 20 flow channe] of the tool
16a for presEdunieating with the p&@qthgt $¢ Hydrocarbon production also

flows intothetool 16a through theaxial flow channel from thelateral 4.

The hydrocarbons from the lateral 4 enter the tool 16a after being
15 separated from water through a separator 18. The separator 18 is of a
~ conventional tylpe (for example, a hydrocyclone separator). It operates in
known manner toreceive the entire fluid production from the lateral 4 and
to separate the water from the hydrocarbons. The hydrocarbons flow up
through thedownhole production assembly 10 and specifically intothe axial
20 flow channel of the tool 16a for production to the surface through the
production string 8. The water separated by the separator 18 flows down
through theillustrated tubing disposed in the main borehole 2 for injection
intotheformation through a tool16b of the present invention functioning as

a pump.

25 The equipment located in the lateral 4 includes packers 20, 22
between which a tool 16¢ is connected. The tool 16¢ operates to meter
production received from theformation between the packers 20, 22 out into
thelateral 4 communicating with the separator 18.

Production into the lateral 4 is also received through a tool16d
30 receiving production from the formation to the left of the packer 20 as




production string 8. The water separated by the separator 18 flows down
“through the illustrated tubing disposed in the main borehole 2 for

i nj ecti on WOowi®6ede fornati on through a tool 16b of the prBSEHS00/1AI3BNt | on
functioning as a punp. 25.The equi pment |ocated in the |ateral 4 includes
packers 20, 22 between which a tool 16c¢8s connected. The tool 16¢
operates to neter production received fromtheformtion between the

packers 20, ghlerite8 ih/RIG. 1} MHetoolsal6 cf16daetas anétens tovedlitrohehé ppediution 18.
Producti on i&tg &he | gt e:ﬁll, 4 is also received through a tool 16d 30

recei vi ng pr@dBefoananPBAWAS fornation to the left of the packer 20 as WO
01/ 06090 PCT/ USOCQ 19330 -8 poriented in, FI.G, 1. 45?5 Qls i6¢c, ipd.,agt as
meters to cont rol TREFE 18 Acsimianstrusturein the lateral 6 astrughureincludes B

sinilar strggédk@?sha éheaﬁmll@.«.lsé-leihp%e%éEwsgbﬁn{mheg?émdiwsmu% 26

and tools 1 | 61 . These tools control the production of fluid 5 fromthe
adj acent 5 orfram tire adjasent formationoindedihe mainborenolerg dar communicatigm t he
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wel | extends. This is inplenented in FIG y the 15 equi prment_shown in
| ateral 4, twhideBuidinniudes hydraocarbens snd waney iseparasing.tinothe wellnwaked i s

that rei nj eckinonleoaoRRRa LIRNRIEH; 2R dhcBRREOHERH WHHBPREE & %he

electricity y using
separated water such that theseparated water is not produced to the surface

from which the well extends. This is implemented in FIG. 1 by the
15 equipment shown in lateral 4, theseparator 18 andthetool 16b.

Another aspect of the method is that reinjecting the separated water
can be performed by generating electricity in the well, such as by using the
tools16¢,16d, 16eor 16fin a manner described below and by operating the
tool 16b as a pump in the well with the electricity to pump the separated

20 water. Thatis, any one or more of the tools 16a, 16¢, 16d, 16¢, 16f can be
usedto generate electricity, andthat electricity can be used to drive the tool
16bin a pump mode. If needed, thiselectricity can be augmented by other
power sources, such as from one or more sources at the surface; and, of
course, electricity can be totally supplied by other sources in other

25 applications of the tool of the present invention.

The illustration of FIG. 1 also shows that the present invention
provides a system for managing fluid flow in a well, which system includes
multiple setsof packersin the well to define respective production zones and
multiple respective flow control devices, at least one of each such tool being

30 disposed between a respective set of packers to control flow either into or out



tool s 16¢c, 16d, 16e or 16f in a manner descri bed bel ow and by operating the
tool 16b as a punp in the well with the electricity to punp the separated
20 wat er . WDHa609¢, any one or nore of the tools 16a, , 16cpcifisoo1dsze, 16f can
be wused to generate electricity, and that el ectr|C|ty can be used to drive
the tool 16b in a punp node. If neededg-this electricity can be augnented
by other power sources, such as fromone or nore sources at the surface;
and, of cofitlseforgla@ign.i city can be totally- -supplied by other sources in
other 25 applications of the tool of the present invention. The

iIlustration of DEtaﬁisdfthle%ol&'ﬁ%ﬁhb'ﬁbsén‘i‘inﬁ&?ﬁﬁﬂtaﬂdbfei'ﬁte'xﬁg dH &Vi

system f or mana(t;lngflwdflowma I'l, which systeminc

sets of paPKegR F%V?‘Héowluh%flﬁéh%éeﬁcé&?édﬂthé‘eﬁﬁcucﬁ:mﬂmezemzammgj
mul tiple r@%dele flow control devices, at |east one of each such tool
bei ng 30 di sposed between a respective set of packers to control flow

either Lnto or / - tio
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The preferred embaodiment of the tool 16 will next be described with
15 reference to FIGS. 2 and 3.

Each tool16 hasan outer body 28. The preferred embodiment of the

outer body is a cylindrical sleeve having an opening 30, or port, defined

- through the sleeve. There can be one or more such openings. In the
illustrated embodiment, such multiple openings would typically be disposed

20 around the same circumference of the sleeve; however, openings can be
disposed along the length of the sleeve as well if the interior structure is
suitably modified to provide opening and closing contral of the various ports.

The outer body 28 acts as a stator in that in the illustrated

embodiment it is connected into a production string or other equipment

25 which isrelatively fixed within the borehole or which octherwise is used as a
reference for other actions of thetool 16 described below.

The outer body 28 (and other parts of the tool) can be made of any
suitable material, such asmetal, plastic or ceramic capable of withstanding
the pressures, temperatures and sﬁbstances downhole. The material for the

30 - outer body 28 is machined or formed to have a desired shape and size and



15 reference to FIGS. 2 and 3. Each tool 16 has an outer body 28. The
“preferred enbodi nent of the outer body is a cylindrical sleeve having an
openi ng 30womi/opmot, defined through the sleeve. There caCH&so0n830r nore
such openings. In the illustrated enbodi ment, such nultiple openings would
typically be disposed 20 around the samerokrcunference of the sleeve;

- however, openings can be disposed along the Iength of the sleeve as well

i f the intelghebr ¥ brEinet dismetdtistaditieedsBdbldcedmnfodite\dtHer eoRPoRened s
cl osi ng Contilmgé: t hevari gus_ ports. gge % ter, body 28 acts as a stator in
that in the theted: For example,ddremier bpdy 2 A CAY 8168 32 034 ANGRO

string or otf&ee gwg'mdes%ﬁb\gﬂim?j,s relatively fixed within the borehole
erin Se Ié

or which oth s used as a reference for other actions of the tool 16
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made of any suitable material, such as netal, ceranm c capabl e
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shape and si ﬁw - e

di amet ers apodgeylis moveshlebutwats acilbeid meitieiisidtiting thel diniw@d 3 GYFIG.
jor cavities 32, 34 and 36 L(;‘iﬁil?&ﬂ'l

exanpl e, the outer body 28 has inte 3
pur poses to 2)andar Opsk potion,un hieekingstheepenings 36} JHas tarm "unb
body 3 8, t 4.4 by j e kd
flow thr ough%t‘ﬁ%ap%ir ???)d%dg@h'lﬁﬂealﬁ gl\?vetccl:%%%gr %#éc&%%é&%%%gﬁéﬁ?p@e&ﬁ#ﬁ t he
out er bagy Zellynpentshates (FKs. 3 shoveoiwllyooperbsidie)3 8 i s noveabl e between a
cl osed position blocking the openings 3 0 (FIG 2) and an open position
unbl ocki ng t he operthegllustratadereferred entbadimienty’ theaflowsemhtrol bidys3 8 is

description angd t 3 ncanpa rtiakl nand .1 o fully open
States (Fr Gatsah e hEh Ha3Reh A BRIBHTe Bl o oPRERe 35h ol et o3
enbodi ment, Berweth ehe body 138 ahddhieHddys28 (e.g., metal-to-metal for low pressure
differential applications). The height of the annular body is sufficient to
15 overlie theopenings 30 when the openings are closed.

The flow control body 38 is usedin thevalve or choke function. It can

be positioned to close the ports 30, fully open them, or limit them somewhere

in between. Preferably, theflow control body 38 canbe moved throughout a

continuum between fully closed and fully opened. This last feature of a

20 continuum of openness or closedness enables the preferred embodiment to

provide metering. Metering is usedboth with regard to controlling flow rate

through the openings 30 as well as providing a signal responsive to the

actual flow rate. This sensing feature is implemented in part in the
preferred embodiment by a rotar 40.

25 One rotar 40 is illustrated in the embodiment of FIG. 2; however,
more than one rotar can be used (e.g., stacked roter flow tubes). Other
variations can also be implemented (e.g., longer flow tubes and other
variations in size, different angles of turbine vanes (which vanes are
described below), multiple stacked turbine vanes, etc.).

30 Therotar 40 provides an interface with the fluid whereby the roter is



an annul ar body nade of a suitable material providing for a bearing seal as
bet ween the body 38 and the body 28 (e.g., netal to-netal for |ow pressure
di fferent Waloragnee i cati ons). The height of the annul ar boggriSeeagdshi ci ent to
15 overlie the openings 30 when the openings are closed. The flow control
body 38 is used in the v al oe or chokepfunction. It can be positionedto
close the ports 30, fully open them or limt them sonewhere in between.
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vanes, et Ct?(éh 30 The ro&(’)r 40 provides an interface w t I d wher eby
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t hef | ui dr giadarV& dvend éniti ' i LN g 40 is
usedt o convlg%lt fﬁl uid éfdltoévt:c{ug?r\eygtﬁ%ﬁ%%@e?gg&d\}%eg%?ggjg %rﬁéglﬂcﬁ“br 40 is
connedPed eohtraldody 38 (g byla sraded Bearinmgiceuplimglect i on is such that as the
fl ow control body 38 opens the ports 30, either flowinto 5 (or out of)
the ports 30 i MHenpetsr t4@ hast twotdegreesabf motion. f Huicdnprotaes absut Hes r ot or

i S conmuni or4 0. 1 ne enbodi mrent, the _,connection
bet ween t r}éﬁéﬁggir@%&g%ﬁé Pﬁfgp wd5h %%‘?Yter of H%B%‘rr 49 ran alsomoekglineasyh nove
linearly eord axbally ewltignt bke. ohverabotpe8enbadi #ABt illistdted preferred
embodiment, this linear movement occurs simultaneously with and in
15 conjunction with thelongitudinal movement of the flow contral body 38. As
illustrated in FIG. 2, the flow control body 38 and therotar 40 arelinearly
disposed and adjdn each other within the outer body 28.

Therotar 40 of theillustrated preferred embodiment has a cylindrical

squirrel cage configuration comprising a plurality of angled vanes 42

20 circumferentially spaced such that spaces are between the vanes to permit

radial fluid flow between the inside and the outside of the rotar 40 and such

that an axial channel is defined through the rotar to permit axial flow
through it aswell asthrough thetool 16.

The rotar 40 is used to provide other features of the preferred
25 embaodiment, namely the generator and the pump. In the generator
function, the rotar is rotated by fluid flowing into or out of the tool 16
through open ports 30. Theresulting mechanical power of the rotar 40 is

used to generate electricity as explained further below.

In the pump mode, the rotar 40 is rotated electromagnetically to
30 pump fluid either in through the ports 30 from outside the tool16 or, by



| i near novenent occurs but the rotor 40 can rotate relative to the flow 1o
control body 38 (e.g., by a sealed bearing coupling). The rotor 40 has two
degrees of WMIEM0 |t can rotate about its |ongitudinal aR¢HUSWABRS erred
to above. The rotor 40 can al so nove linearly or axiaIIy wi thin the outer
body 28. In the illustrated preferred ekBoedinment; this Iinear novement
occurs sinultaneously with and in 15 conjunction with the |ongitudinal
nmovement of ding fﬂo@atedom thé oppasite3fliredtion] té praim ptibwidi frofri €he 2xiahéloiW ow
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such that th | : I e

preferred engéglfazerbr]]fsfﬁ gtdgttglg &QQBQ I{ltﬁ]ﬁs mov n‘eﬁf@%(ostag l?sggdnthteh
flow control body 38 ax1a11y W1th1n thesleeve 28 to displace the flow control
body 38 and therotar 40 relative to theopenings 30.

15 In oneimplementation, theactuator 44 includesa motor 48 mounted
in the cavity 36 of thesleeve of theouter body 28. The motar 48 includes a
rotating element 48a having a threaded inner surface which engages a
threaded outer surface of a ring 50 axially fixed by retaining rings 52, 54
relative tolinear movement of themandrel 46 but rotatively coupled on the

20 mandrel such that themandrel 46 can rotate inside the ring 50. To obtain
axial movement, the ring is maintained (e.g., fixed or by clutch, such as
electromagnetic or magnetic, that setsthe relative movement relationship
between the ring 50 and the motar 48) rotationally stationary relative to
the motar 48 element so that energized stator 48b - driven rotation of the

25 motar 48 element drives the ring 50 and the mandrel 46 up or down;
however, preferably disengagement or other stoppage is provided for at
limits of travel.

Another way toactuate thelinear movement inside the outer body 28
is by manually shifting it with something external to the tool 16. For
30 example, a separate downhole shifter can be connected to either end of the



by an actuator 44. Preferably, the actuator 44 is able to linearly nove the.
flow control body 38 and the rotor 40 to variably adjust the opening of the
ports 30 WOOHPM de 'infinite" flow control (i.e., cont RET/HSBIhout t he
conti nuum between fully closed and fully opened). 10 The actuator 44 is
mount ed on the sleeve of the-outer bot®328 and is coupled to a mandrel 46
linking the actuator 44 with the rotor 40. Operation of the actuator 44
nmoves t he imamerassembly ofithetoola6 andaperated tofmechaninally ipulboypash sheal | y
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actuation can al'sO occur in response to surface

The electromagnetic assembly 56 includes the mandrel 46 that

15 providesa support for a plurality of electrical windings 58, a plurality of pole
pieces 60 and a commutator 62, which are also part of the electromagnetic
assembly. ' '

The mandrel 4.6 of the preferred embodiment is a sleeve having an

axial flow passage defined through it. The mandrel 46 is connected to the

20 rotar 40; in the illustrated embaliment the mandrel and the rotar are

integral and unitary, being constructed with the same tubing piece. The
mandrel 46 isalsocoupled totheactuator as described above.

The plurality of electrical windings 58 are wound on the mandrel 46.
The plurality of pole pieces 60 are disposed radially outwardly of the
25 windings 58 sothat the pole pieces overlie the windings 58.

The commutator 62, or brush ring, is mounted on the mandrel 46.

The commutator 62 is connected to the electrical windings in known
manner so that one end of the windings is connected to one (or more
electrically parallel) segments of the commutator 62 and the other end of

30 thewinding isconnected toanother (or more electrically parallel) segments
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actions such as through a connecting wireline, slickline, coil tubing or
"other- pipe or tubing string, for exanple. 5 Wen the actuator 44 has noved
‘the fl ow covooweod®ody 38 to an open position, operation oPCHHS00/19330

el ectromagnetic assénbly 56 of the preferred enbodinent illustrated in
FIG 2 becomes effective. -The assenbly 564-provi des an electrical interface
whi ch converts nechani cal power to electricity or vice versa. In one
operating stoftthe cofmeiteririéevafhetdominutataeébliy nbddgefwuitilie etectricailyi ty
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connect ed tot §ctr| cal windings in known nanner so that one end of
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another (or mor o THESERT ol R eRRELY bs et BRI A BlaBa o RST80T 0330
66 mounted on the outer body 28. In the illustrated embodiment, the
contacts 66 are electrically conductive members referred to as brushes

15 disposed in the cavity 34 such that the brushes overlie and engage
respective segments of the commutator 62. The contacts 66 provide the
interface to external wires 68, 70. Electricity generated by the present
invention is communicated over the wires 68, 70. This electricity can be
used for sensdng flow and for providing output power. The contacts 66 also

20 provide the interface through which power is input to the commutator 62
and thewindings 58 when thetool 16 is driven in thepumpmode.

Theelectrical contacts 66 are disposed aroundan inner circumference
of the sleeve 28 such that the brushes are spaced longitudinally from the
magnets 64. At least one brush contacts one section of the commutator

25 connected toone end of the windings 58, and at least another contact brush
66 contactsa different section of the commutator 62 connected to the cther
end of thewindings 58.

The brushes 66 and the commutator 62 are sized sufficiently so that
electrical contact is made throughout the linear movement of the inner
30 assembly of thetool16.



-14 of the commutator 62. The conmutator 62 is nmade of suitable
electrically conductive material. The el ectronagnetic assenbly 56 al S0

i ncl udes wopiess ity of nagnets 64 nounted on the out erpdiggioezgasuch t hat
the magnets 64 interact with 5 electromagnetic fields generated with the
electrical windings 58. In the illustrgged preferred embodi ment of FIG 2,
the magnets 64 are di sposed around an 1 nner circunference defined by the

cavity 32 of t%lﬁéegqneﬂ%ﬁdmﬁnnmﬁeqrot&oyéeu%ﬁ ofm%xﬁﬁéfta ggavity

32, and thus of the magnets wthin the cavity 32, 1s suc ﬁgté e magnets
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58. The brus es 66 andé omrut at or 62f are_ sized sufflchently so that
on the opposite side eopemngs 30 from the seal 72, for the orientation

shown in FIG. 2.
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15 A third O-ring seal 76 is mounted in a groove on the mandrel 46
between thecommutator 62 andtheupper retaining ring 52 of the actuator
44. This provides a seal against the inner surface of the outer body 28
between thecavities 34, 36. :

The tool 16 can be operated remdely' and it can provide generated
20 electricity remately; however, the illustrated embodiment of FIG. 2 has an
on-board controller 78 housed within the body of the sleeve of the outer body
28. Thecontroller 78 is of any suitable type to provide thenecessary control
and signal process associated with the operation of the tool 16. One
implementation can include a microprocessor; however, other types of

25 digital or analog controllerscan be used.

Regardlessof the specific controller used, in the preferred embodiment
thecontroller 78 receives electricity from the wirés 68, 70 (and any others
used with additional contact brushes 66). A characteristic (e.g., magnitude,
frequency) of this electricity can be correlated to flow rate through the

30 openings 30 that generates the sensed electricity, and thereby indicate the



el ectrical contact is nmade throughout the |linear novenent of the inner 3o,
‘assenbly of the tool 16. WO 01/ 06090 PCT/USOCO 19330 -15

Tokeept hef o olwsishi n t he rota? section of the inner assentHCI/E8I/19330
isolate the electrical conponents of the el ectronmagnetic assenbly 56 from
the fluid, the preferred enbodi nent of {hé-tool 16 illustrated in FIG 2

I ncl udes three seals. An Oring seal 72 is nounted in a groove defined 5

around' an enfheQif thitcdrifive defihé@ by eHy Efred R Ipeantseof fe Gortd oS | The

control body connected to the rotor 40. This places the Oring seal 72 on
one side (&BBiReller 78ccan iadfq Previdefor-pewen) CRVErfsno[RBiniARRI MeR seal

72 seals b E s ' r he
ot or body 3FaRtnEodzreh (08t cBefoh byl slol§ s Eferpy ! BB (e kI’ | ¢
near the i datterytnechangingde rotor 40 andthe mandrel 46. The seal 74 seals

between the mandrel 46 and the inner surface of the outer body 28 between.
the cavigy 32 affthe bentwollers 780cafitdalso gontain sunidalleatledididad| souredse(@gsgni ngs

30, and thu n.the opposite si.de @f the qQpenipngs 30.fromg he seal 2, for
Che or ent ateSiTIERG Biive Grabty 3or,buireiARE I wiBanevhs 1S Gifnebe
groove on therdafdlach plémphek secier igiLATHLED 66meZroii d nt B ertifleouked.ai ni ng
ring 52 of the actuator 4. This provides a seal against the inner surface

of the outer bodynZ@ditich Woehetforegohyy !t itstodl 1636ar ikclide! orlbe @B REIth
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Operating the flow control device 16 in the generator mode includes

at least partially unblocking the openings 30 in the flow control device such

15 that fluid in the annulus outside the device 16 flows through the openings

30 intothe flow channel inside the flow control device (or vice versa). This

is performed in the illustrated preferred embodiment tool 16 by operating

themotar 48 tomovethering 50 linearly. Thismoves the rotar 40 and the
electromagnetic members axially within the body of the flow control device.

20 Operation of themotor 48 occursthrough the controller 78 connected
by electrical conductor cable 80 (FIG. 2) in the illustrated preferred
embodiment. The controller 78 can have an internal timer by which it is
programmed to respond in preset hardware or software implemented time
intervals; or an external signal of any suitable and detectable type (e.g.,

25 acoustic, pressure, electromagnetic, radicactive, mechanical) can be applied
to cause thecontroller 78 to turn the motar 48 on and off. Feedback can be
provided through the metering function of the present invention in that as
the motar 48 shifts the inner assembly of the tool 16, the controller 78 can
monitor the resulting electricity that is generated in response to fluid flow

30 through the rota 40. When the electrical signal indicates the desired
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Regardl ess of the specific controller used, in the preferred embodi ment
the contrgller 78 receives electricity fromthe wres 68, 70 (and any
others uYORK®90 additi onal contact brushes 66). A charaEﬂ'&’ﬂWﬂP&Sﬂ(e g.,
magnitude frequency) of this electricity can be correlated to flow rate
t hrough the 30 openings 30 that generaitds the sensed electricity, and

t her eby |ngllecate the WO 01/ 06090 PCT/USOQO 19330 -16 size of the orifice
defi ned by %Pé@aéme’b%ﬂﬁ!’sf@tms bw@gmnhxevezi GheThetarfBcanlHeade-78 can

al so provi a atJ current
to di Iroect glﬁer entd&?\cl)gﬁéefr}gé]on energy s{lgir]g‘geg aggé“abl Otltfitetq r%g
recharging). 5 'ﬂgﬁs%ﬁ 51&5 tscalno@%ﬁ?m o%ghn sui ta r(zi:l ei: crelln\(/:\;lnm ngs

sources (e.g att'eri es Five T Feul
58 to dri vgeneretonmtodle in uaie é'lmgpthe)rotwqb m@mbbﬁﬁopdévﬁ@%tﬁr om an

extern sQur n 11,0 to t he, fo n the tool, 16 can include or
be useg-l’ @#ﬁm f@ﬂ&ﬂ Hh%féilg? S%P‘Erﬁlﬁégpéﬁﬁépﬁmheéswhbors. 10
As nenti ongtk abbee.40 hmdpohalfiel@armﬁ@y Uﬁe%eh&' edhef; dic%ﬁpﬁéﬁhg th?‘mIe or
a punp node to. rran ge ﬁéwdflowmawe suc ast | USTr at ed

in FIG 1.cleggidty e flow,gandrel daviers This last St|¢pt1$ledgm|wedalsmg thele

i ncl ud t
cont lrjoiesde%?‘f“éjé‘ﬁ??é 2! e, Youch A5l 66, G MHORires (687" 70'3a, 1Y 16
flows throligstrated gpﬁmdngsngo into the fl ow channel i nS|de the flow control

device (or vice versa). This is performed in the illustrated preferred
enbodili®ent tooIThﬁg@WGMmmdnganahmnohmﬂe séfising Um:\@ntemtedl dlecteivity nearly.
Thi s noves t he ctr |cme ially within
t hebody oftot%egeﬁr%{% 8@\1@%‘0‘?&@9?%@3 %ﬁﬂﬁ%&ﬁ 6|0PQBlfk8@cur s

t hrough t HEhais} aslthereladrieityniscicrtratdd, ¢he Cohholle Q?iﬁe ; o (FIG
2) in the jllustrated pr fer?edCg enpodi nent. The cg(r??rqo glsgﬁp(&%]ﬁave an
i nternal tie COBGUGHOrs 16 gt 7Q and determines the correlation between the '

electricity that hasbeen generated and the flow rate, for example. Thiscan

15 beby way of a look-up table in the controller 78, a mathematical formula
thatisusedin a software implemented computation, or whatever technique
is suitable to correlate the electrical signal with the flow rate of the fluid or
the position of the flow control body 38. This provides the feedback signal
referred to above in controlling how far the motar 48 axially moves the

20 inner assembly of the tool 16. Thus operating in the generator mode can
alsoinclude controlling the step of at least partially unblocking the opening
in theflow control device in response to the sensed electricity.

Operating the flow control device 16 in the pump mode includes at

least partially unblocking the openings 30 in the flow control device so that

25 pumping can occur in either direction between inside and outside of the
outer body 28 of the tool 16. The pump mode further includes conducting
suitable electricity totheflow control device. Thisis provided through wires

68, 70 and brushes 66 in the illustrated embodiment. The plurality of
electromagnetic members are rotated in response to the electricity, and the

30 rotar 40 isdriven with therotating electromagnetic members such that the
driven rotar pumps fluid between (i.e., in one direction or the other) the




programmed to respond in preset hardware or software inplenented tine
“intervals; or an external signal of any suitable and detectable type (e.g.,
25 acousti wo@memsure, el ectronmagnetic, radioactive, nechadwusop/193ah be
applied to cause the controller 78 to turn the notcr 48 on and off.
Feedback can be provided through the mat&ring function of the present

i nvention in that as the notor 48 shifts the inner assenbly of the tool

16, the coniyRl @ flcéchafnel @ thedbollaeah@thb bhfke A MdLsoatdde thétodl$6.
generated in response to fluid flow 30 through the rota 40. Wen the

el ectrical <Thmelecinieity samsbe wentrotiedsnohcay depvgopgn cepdrer bokaded in 7

el ectrical t : | | s jseve : : be
de- ener gi zggh%ggsﬁqé%a{lﬁébfﬁn({eogﬁﬁfo@%&ngﬁg 98?%?“@}{] %8%3%@%§y4§$ Eétﬁre t ool
i 6. Thus, 4adpiumpsraidafepecinside theptoadtithgut thraigiwthe mpenl patés/goeinté in a
gener at or e includ rivi t he .rataor .Qf the flgw gontrol device with
2 the. tPowthEanRts ThidsAnte 18 tomithpiyd yeckinte filk ERRiAdem HiFhER
with the rqeh the tooLiebliat FR.eGt I ¢héYot@ Borragideth thadbthen@itdctivh,t he
electricity fromthe flow confrol device. Thjs_ last step,is achieved using

the conmut PUGRDISRE oachas trom the apnplvns thrgughibhemnorts 3 peintodheaxialflowe

il lustrated gitaﬂ ' JThe t ﬁg&q? §3h ' QM*?ge [ t he
gener at ed elcglc rlg%::gtP?/ﬁetté& e?'er'%ﬁﬁg;agl PFUI | ow pgr%;i%etme]r of - flui dt?Fowi ng
t hr ough t he adjacenidormatian.i s, as the electricity is generated, the

controller 78 senses it through the conductors 68, 70 and determ nes the
correl atoon bet wamvothbeaspdct of the oparatice ofhidee resen tybreendi ordissimdntdvang | ow

rate, for e | e. Thi a be, by way.,of .a | ook-up.table.n the

Cont Fol |er - HBetov ol B, Bedbid 21d vk eifar fiatel Bsfybels soether

i mpl enent ed tg@RlgtirelpBlockrorwablrke theapheaingic Ad expliinabhBote) i alrat €
the el ectrical 1g‘lignalhvmthiﬁi{]e flow rate of the fluid or. the position of

the flow cofapPped| er axigllys withip; thasoutes ' Afhekthe Jhustrateditopk ¥4t t o
al?ove i n COMfH Ol ¥ialth AL ERE obdif s TR Vspitthed Ay ¥ulRBRS£drl€ which can be

15 internally generated or externally applied. Regarding the former, the
motar 48 can be energized to drive the inner assembly up and down within
thesleeve of theouter body 28. Movement can alsooccur by applying to the
inner assembly a longitudinal mechanical force originated outside such as
via an external linear actuator or a surface coupling as described above.

20 The linear or axial movement of the inner assembly can occur in
either direction so that the ports can be opened or closed. This movement
can also be used within any one tool in conjunction with either generating
electricity or providing a pumping function as described above. That is, any
onetool 16 can be usedas a valve or choke, a meter, a generator or a pump.

25 - Thus the present invention is well adapted to carry out the objects
and attain the ends and advantages mentioned above as well as those
inherent therein. While preferred embodiments of the invention have been
described for the purpose of this disclosure, changes in the construction and
arrangement of parts and the performance of steps can be made by those

30 skilled in the art, which changes are encampassed within the spirit of this
invention as defined by the appended claims.



20 inner assenbly of the tool 16. Thus, operating in the generator node can
al so include controlling the step of at |east partially unblocking the
openi ng Wwootke9s | ow control device in response to the spCwestoabmotricity.
Qperating the flow control device 16 in the punp node includes at | east
-partially unbl ocking the openings 3 o-19-the flow control device so that
25 punpi ng can occur in either direction between inside and outside of the

outer bodyWPHAXN IS CLAIMED!fS: : The punp node further includes conducting
suitable electricity to the flow control device This is provided through

wires 68, 70 and brushes 66 in the illustrated e!rﬂ“llr"ﬂlt“lﬂ“ll"l“trallty
of electromagnetic nmenmbers are rotated in respon ity, and
the 30 rotor 40 is driven with therotating el ectrorrag et fc Trenber’s such
that the driven rotor punps fluid between (i.e., 'in one direction or the

ot her) jthe WO G/ 06Q9¢hdpfok/d vl diA piisiig:8 i nterior flow channel of the
tool 16 and the outer annul us outside the tool 16. The electricity can be

controlgl ed suchy ockwi se or
a count2er cl ockw%gﬂf?%g ion ?]lngor% gl? 51|‘P%)(?11ﬁ‘ratfghedbrv(% o%@ﬁps fluid
fromingside th &gﬁ& t ul us.
Thi sca?ge usedfao&%ymghﬁugpbo 2 to [‘E‘eﬂ?%?"r%g |on ggséir?ﬁ glétwttﬁﬁ @(ﬂg t ool

i 6b i n4Fl Gontrollodylis manable betweenza chbsédposion bheeking tlm:cbpemng npmhpi ng
occurs fromq,th nnul Us hr Qu h r{.s into the channel
of the 4 00 tf’é%"a%.#“#%‘h Oi;gnﬁvg%% §ﬁ@ﬁ°§1§53ﬁieaqpfﬁ bé)g}yacent

f or mat ion.add Anot her aspect of the operation of the. present invention is
in noving the flow control body, the rotor, and the el ectronagnetic
rrerrbers; toget het rotiod c@ﬁheate'dwei theflowkeoditr ol riddycin 8 lisposad i dheAsutexpl ai ned
above, Zﬁoeaare %&roget her am% wthin the outer body 28 of the

i |l ust I8at ogich higy- the qutes b@*pahgssmsarty &ui tabl e
force whi cfy &?ﬁ[bﬂ]ﬁd]t%th@&'ﬁfd‘a' |y generated or externally applied. Regarding
the former,

1 2.  The tool as defined in claim 1, wherein the rotar moves in
2  response to movement of the flow control body between the closed position
3 andtheopen position.

3.  The tool as defined in claim 1, further comprising an actuator
2  disposed in the outer body to move the flow control body linearly between
3 theclosed position and the open position.

1 4. Thetoolasdefined in claim 3, wherein therotar moves linearly
2 withtheflow control body.

5. The tool as defined in claim 4, wherein the flow control body
2 rotates with therotar.

I
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not or 48 can be energized to dri nbly up and down within
"the sleeve of theouter body 28. I‘ﬂEﬂLﬁﬂ occur by applying to the
i nner asserwoyesobongi t,udi nal eri gi nated ®CTAISO98ICh as

via an external linéar actuator or a surface coupling as described above.
20 The linear or axial novenent of the iRoer assembly can occur in either
direction so that the ports can be opened or closed. This novenent can

al so be ysed withg.n amhmltaetﬂeﬁxrecbﬁnd:lratmtg avheveih tihe bhedr lgedwrthei ng

electricity or provi nction as d rrbed a hat
any ne ?oolf?‘l‘ﬁ ‘g aﬁgngtq;gpggt@,eqpﬁggpnﬁe Hﬁ%ﬁlax’aﬁq%ﬁé@we r a
punp. 254 Thuﬁlrohgﬁ tﬁéqggpt invention is well adapted to carry out the

tt

objects "and a In the ends and advantages nentioned above as well as
those inherent therein. Wiile preferred enbodi ments of the invention have
been described for the purpose of this disclosure, changes in the

constructlr on and arr %%aéﬁﬂgdi%&q%%hﬁhg%lkormnce of steps can be

made by t'hose 30 skrl e ar hanges are encanpassed within

t he sprrrt of t ve

01/ 06090 2PCT/ usoéi‘fg’éé@ﬁ °%§’8& WS{;@Q&‘%MDQF%@%{‘& isppSd Rishis the
VITT 11 gl lodietbblf; addl. A tool fora well, conprising: 2 an outer body
havi ng an opening defined in a side wall of the body; 3 a flow control body
di sposed 4 n the aliedbolfagtheruedmpiisés:t he flow 4 control body is novable
bet ween a cl osed position blocking the opening in the 5 outer body and an

open IOOSdr,t i on unbl ockin@irkthsealpeite figst sedl spiged adpasint ard eﬁﬂdoﬂtl?e IO
connected to the flow control body and_di sposed in the outer 8 body such

t hat the@ot@?ntE@lrquNtMFFhﬁﬁoﬁ%ea%ﬁt er body in response to a

7 a secand seal, the second seal disposed adjacent an end of the
8 rotar oppasite theflow control body.

[

8. The tool as defined in claim , wherein the outer body, the flow
2 control body, andtherotar define a flow channel through thetool.

9. The tool as defined in claim 1, further comprising an
electromagnetic assembly having a first operating state wherein the
electromagnetic assembly generates electricity in response to fluid-induced

$HOWON

rotation of therotar.

10. The tool as defined in claim 9, wherein the electromagnetic
assembly has a second operating state wherein the electromagnetic
assembly rotates the rotar in response to electricity applied to the

HBOWON =

electromagnetic assembly.

1 11. Thetool asdefined in claim g, wherein:



9 force applied to the rotor. 1 2. The tool as defined in claim1, wherein |
the rotor noves in 2 response to novenent of the flow control body between
t he cl oseWom®s®Pon 3 and the open position. 1 3. The { Bor/usso/ids®pi ned in
claim1l1, further conprising an actuator 2 disposed in the outer body to
nove the flow control body linearly be2wneen 3 the closed position and the
open position. 1 4. The tool as defined in claim3, wherein the rotor noves
| i n\iﬁr by 2 \r/1v| tt?letdrlecti'bmwgmtit:raﬂsednduﬂy 1n1:lt5desT£Ih t éénﬁlébftéﬁel‘b itlﬁeCI aim

4, erein e ontr jates wt otor. This Sheet Has
Been Rapl d04&F13 H?PTarchtM P?dqc& ¥?1| 81 WB@%‘ It{‘?qunmﬂ:l andia v

VITT T | |d&nﬁﬁ¥éf€§0%é‘9&%@ oft the SdppértS. anﬁ‘gzohﬂet tedS t@efﬁéee‘i%ét?iﬁgh aim3,

wherein the outer body, the 2 flow contro e rotor

act uat &r dEmdiRgyRmki al fl ow channel 3 through the tool. 1 7. The tool as
defined in claim3, wherein: 2 the flow control body and the rotor are

| i near by di sposr,batmlﬁurthem@mmw@aaaramwr coupled toithe swppdratomove

Frow & cont Bprbti matila ni® did Aoy iRt - RHeff 3vahlp Weiiled ona”

seal dBspdwdy. adj acent an end of the 8 rotor opposite the flow control
body. 1 8. The tool as defined in claiml, wherein the outer body, the flow

[

12. The tool as defined in claim 11, wherein the electromagnetic

)

assembly further includes;

a plurality of magnets mounted on the outer body such that the
magnets interact with electromagnetic fields generated with the electrical
windings; and

a plurality of contacts mounted on the outer body in engagement with

N o AW

thecommutator.

13. The tool as defined in claim 12, wherein the electromagnetic
assembly has a second operating state wherein the electromagnetic
assembly rotates the rotar in response to electricity applied to the

HWNN =

electromagnetic assembly.

ey

14. Thetoolasdefinedin claim 13, wherein:

the flow control body, the rotar and the support are linearly disposed
within the outer body; and

the tool further comprises:

a first seal, the first seal disposed adjacent an end of the flow

o n S~ W N

control body oppcsite therotar; and

a second seal, the secand seal disposed between the rotar and the

~
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2 control body, and the rotor define a flow channel through the tool. 1 9.
‘The tool as defined in claim1, further conprising an 2 el ectronmm netlc
assenbl y haV® @068 i r st operating state wherein the 3 el eBEFURUIA
assenbl.y generates electricity in response to flui d-induced 4 rot atl on of
the rotor. 1 io. The tool as defined imZ2aim9, wherein the

el ectromagnetic 2 assenbly has a second operating state wherein the

el ect r onignelectrical wirsdings pnithesupponthe rotor in response to electricity
applied to the 4 electromagnetic assenbly. 1 11. The tool as defined in
claim9, wherein: WO 01/06090 PCT/US00/19330 -21 2 the el ectromagnetic
assenbly includes a support connected to the 3 rotor, a plurality of
elhectri cal Wi ngi mgs nﬂ‘hegedaytlr]afhedsinpﬂahnF@Meteléﬂtmm body, thufidpwed on
t he support an to the trica i ngs n

t het ool f%rtﬁ@?u@ﬁ%se €, KOLEEy edoi EoftppRat t@%?e i?]t(hqw RAne} ¢ he
support, tthf-@_{%ch@f&lthe flow control body linearly V\Athl n the outer 8
body. 1 2 The Tool as defined in claim1l, wherein the el ectromagnetic 2
assenbly further includes; 3 a plurality of nmagnets nounted on the outer
body such that the 4 magnets interact vvith el ectromagnetic fields

gener at eg W th tq% eI grtbﬁlaﬁsde?'m‘@dqw tlh%fq{eﬁlepl urality of contacts

mount ed On t he outér I'n engagenen comutator. 1 13. The

Second. ober at i ng @?W pet Wogr il L %§#§§%I2f‘.592&'}§‘ Ao PR e

rotor ingresubesieodyy axldectricity applied to the
4 thetool further comprises:

5 a first seal, the first seal disposed adjacent an end of the flow
6 control body opposite therotar; and

7 a secand seal, the second seal disposed adjacent an end of the
8 rotar opposite theflow control body.

17. Thetoolasdefined in claim 16, wherein the outer body, the flow
2  control body, andtherotar define an axial flow channel through the tool.

_
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4 el ectromagnetic assenbly. 1 14. The tool as defined in claim13, wherein:
2 the flow control body, the rotor and the support are linearly di sposed 3
wi thin t hWUEEPO hody: and 4 the tool further conprises: PEIVESH1IPRP seql
the first seal disposed adjacent an end of the flow 6 control body
opposite the rotor; and 7 a second seaf3-the second seal di sposed between
the rotor and the 11l LLIT1 111 11111 * CL MS WO 01/06090 PCTI USOO' 19330
-22- 8l ectricd: wikbedfer owellneorppising:. 1 15.. The tool  as defined in
claim 14, wherein the outer body, the flow 2 control body, the rotor, and
the support defa exlindrigal deevia kayisgamepenipgdefivedkhrangh thasleevers. The
tool as defined in claiml, wherein: 2 the flow control body and the rota
are ligearly dizmpiueality ofi permanerg suagnetsodigposad darounidetao firsurinmer

conpri ses: . :ﬂi | first seal disposed adjacent an end of the
fl ow co%l?ro ff%{?g@e%ggjb%ﬁl{ae he rotor; and 7 a second seal, the second

body. B 17 o whuraliy” B BRtaReet ety Bathof RGPS ArOft F WERA Uhe

flow 2% coitined! chredynfepentieh@f otlos sledviengueh thxatalthé! brudileanard spacedigh t he

t ool . 'C7~ ' o%igtfu }I;Il. y:ll‘rolr.lll tillehlagl\r/lle%s;\/\o 01/ 06090 PCT/ US00/ 19330
8 an annular flow control body disposed inside the sleeve adjacent the
9 opening;
10 a cylindrical rotar connected to the flow control body and disposed

11 inside the sleeve, the rotar including a plurality of angled vanes
12 circumferentially spaced such that spaces are between the vanes to permit
13 radial fluid flow between theinside and the outside of the rotar and such that
14 an axial channel is defined through therotar to permit axial flow through
15 therota;

16 a mandrel connected to the rotar and disposed in the sleeve, the
17 mandrel having an axial flow passage defined therethrough;

18 a plurality of electrical windings mounted on the mandrel;

19 a plurality of pole pieces mounted on the windings and aligned with

20 themagnets; and

21 a commutator connected to the windings and mounted on the
22 mandrel such that at least a first one of thebrushes contacts a first section of
23 the commutator and at least a second one of the brushes contacts a secand
24 section of thecommutator.

1 19. Thetool asdefinedin claim 18, further comprising an actuator
mounted on thesleeve and coupled to themandrel such that operation of the
3 actuator moves the mandrel, the rotar and the flow control body axially

I
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-23 18. A tool fora well, conmprising: 2 a cylindrical sleeve having an
‘openi ng defined through the sleeve; 3 a plurality of pernmanent magnets

di sposed arwondwme9bi rst inner 4 circunference of the sl eeweT/oeIgesural ity
of electrical contact brushes disposed around a second 6 inner
circunference of the sleeve such that tleeqbrushes are spaced 7

|l ongitudinally fromthemagnets; 8 an annular flow control body di sposed

i nside the wicmtﬁﬂ@éljs&@eéttotdigplaee qherflowg cohbroh i relatival tordieosparingect ed
to the fl ow control bﬁdéfvand I sposed 11 inside the sleeve, the rotor

i ncl udi n§ atBronsh thesletvangl ed vanes 12 circunferentially spaced such
that spaces are between the vanes to permt 13 radial fluid fl ow between
the inside and the outside of the rotor and such that 14 an axi al channel
is defined through the rotor to permt axial flow through_ 15 the rotor; 16
a mandrell connec&d t Thetteokandafineddngilaive 96d furthengommising: the 17
mandr el having an axial flow passage defined therethrough; 18 a plurality
of el ecteical w adirsseabdheduasoseal meowntedren thedlaw gbutral body ain gofiest

pi eces unt i ndi [ | . 21 a
conmmut a?g r C%‘ﬂ%‘ggpé gsf%\f@nwe‘)n%a%@%ﬁﬁ%ha%%%%%ogﬁoﬂgn@gﬁg%& ghdds uch
that at |least a first _qgne of ith cont a first,section o 23 the
comut at §r and af FEBL eﬁgﬁgg{)‘i@ngsaltwgu&i%@ﬁ’@g‘”,'ﬂ kg Totgr saé'b%rjige 24
section gf thimdngauh atsecand sidle of fieopendhg 26 seklfagadtktithesledvs 18, further
conprising an actuator 2 nmounted on the sleeve and coupled to the nmandrel
such that operation of the 3 actuator noves the nmandrel, the rotor and the
flow control body axially I ™00 trever "t et ri 1r 1~"1

21. Thetool asdefined in claim 20, further comprising a third seal

2 mounted on the mandrel between the commutator and the actuator to seal
against the sleeve.

1 22. The toolasdefined in claim 18, wherein theactuator includes:

a motar mounted on the sleeve, the motar having a rotating element
having a threaded inner surface; and

a ring axially fixed but rotatively coupled on the mandrel, the ring
having a threaded outer surface engaging the threaded inner surface of the

[+ NS ) T S VI 5

rotating element of themotar.

0



C L WO 01/06090 PCTIUSOO 19330 -24 4 within the sleeve to displace the
flow control body relative to the opening 5 through the sleeve. 1 20. The
tool as deloim@dwn claim 19, further conprising: 2 a firBCI/EsmN93vhe first
seal nounted on the flow control body on a first 3 side of the opening to
seal between the flow control body an®ghe sl eeve; and 4 a second seal, the
second seal nounted between the rotor and the 5 w ndings on a second side
of the .opening to seal against the sleeve. 1 21.. The tool as defined in
claim2 0, further conmprising a third seal 2 nounted on the mandr el
lzagt W_e}ﬁm t heI corm@ét ?nomamxddtclbfemaégm%ﬂﬁﬂ fiewl i 1n 3 wgniilmswma;iz agl'fnﬁwez 1

e too efine i mi erein t actuator |ncludes a
ot or ﬁfour?PEH"iﬁ‘eY}?@ 18 %‘@\t/%‘f %%FB‘F“ evige ar"d?&tal el MiHeh an havi ng
a thr eéde%gbﬂﬂfg 1ssdéfﬁ%%et%€n4arﬁahhﬂﬁ1@6ﬁﬁdéftﬁé%ﬁ} ma a'fivdchyBh¥l coupl ed
on the mandrel, the rin aving a_ threaded oquter "surface engagi ng the
threaddd iingide tbeflowes ngroltdwceaandttheﬂﬁy@mmmea lse hawing a notex | | 11|

FEETLE VL Vil |1 9 0Qf 95 nmet hod
of manégl pré‘!lllﬁﬂt\s(/ og V\B%&V\ﬁ:l %%Pé %é con rol"5acrilh312‘§mqA

| ocat e, tdperéﬂmgvtherﬂmlcodmolodaevimmgmmdrodygexreratnrcmcah or3aopenipg is
defi ned bet n annul us outside the body and a flow channel 4 inside
the fléw éﬁ\ﬁﬁ %F@ch andt he flow control device aI so having a rotor 5

and a plurality, of ele tro net. c .nenber he net r 6
oher ot Bg' the. FhEsteR it PRAaREE LS AfworaHEsL ée‘geﬁépa Eanka 13 Modd

includes:

10 at least partially unblocking the opening in the flow control
11 device such that fluid in the annulus flows through the opening;

12 driving the rotar of the flow control device with the flowing
13 fluid; '
14 rotating the plurality of electromagnetic members of the flow

15 control device with therotar such that electricity is generated; and
16 conducting theelectricity from the flow control device; and

17 the step of operating the flow control device in the pump mode
18 includes:

19 at least partially unblocking the opening in the flow control
20 device;

21 conducting electricity to the flow control device;

22 rotating the plurality of electromagnetic members in response

23 totheelectricity; and

24 driving the rotar with the rotating electromagnetic members
25 suchthat thedriven rotar pumpsfluid through the opening.

1 24. The method as defined in claim 23, wherein the step of

* c L M S *
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7 node, wherein: 8 the step of operating the flow control device in the
generator node 9 includes: 10 at |east partially unbl ockin the o ening in
the flow coWO0d06098 1 devi ce such that fluid in the annul us g ough
the opening; 12 driving the rotcr of the flow control device W|th t he
flowng 13 fluid; 14 rotating the pl ur‘aﬂ@ty of electromagnetic nenbers of
the flow 15 control device with the rotor such that electricity is

gener at e2; @Dﬂl‘mgdﬂﬂ&iﬂw’r@ftﬂ@ deeicer inja \genepator hm qdecinrdben rlapll-tﬁ?ﬁl ce

and 17 the J}Eaﬁp

I ncl udes* égﬁgngeas | aI nckc Wgﬁ&é&h‘@%&%ﬂ?ﬁfﬁé&lé ow cont roI
20 devi cg; Zlbvungdhc:mmthéepemngtty to the flow control device; 22
rotating the plurality of electronmagnetic nenbers in response 23 to the

electricity; and 24 driving the rotor with the rotating el ectromagnetic
menbers 25 such that the driven rotor punps fluid through the opening. 1

24. The gethod aasdefm%dmamaaam&eﬁnemqnemmez@tm@ém TiHes Eé’p?Qif Has
Been Replaced | |* C.I Mléllllllllll RN RN

111111 Wb 0D0Petaidng ondnelodevieg In oheRer #iert mode Bthendnsiudesyi ce

0 detort neoauLs ﬁftPPtgﬁv@%%ﬁ%‘ﬁfs?%‘fﬁ%’ié?‘?ﬁ?%*“‘ﬁ“‘?ﬁgv‘mﬁ%b%??ﬁ%gﬁ fefo Y

openi ng. 4 control device in response to the sensed electricity.

1 26. Themethod as defined in claim 25, wherein the step of at least
2 partially unblocking the opening includes moving the rotar and
electromagnetic members axially within thebody of theflow control device.

1 27. The method asdefined in claim 23, wherein the step of at least
2 partially unblocking the opening includes moving the rotaxr and
3 electromagnetic members axially within thebody of the flow control device.
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1 25. The nmethod as defined in claim?24, wherein the step of 2 operating .
the flow control device in a generator node further includes 3 controlling
the step WPOHROM=5st partial |y unbl ocking the opening i PARESHIBVH 4

control device in response to the sensed electricity. 1 26. The nethod as
defined in claim25, wherein the step?df at least 2 partially unblocking

t he opening includes noving the rotor and 3 el ectromagnetic nenbers

axially within the body of the flow control device. 1 27. The nethod as
defined in claim23, wherejn_ the step of  at | east artlally unblocklng
the opening i reBuded methadgof managisg Hnid 1l QWene(atmlrﬁ nfews

g, W‘#%@%ﬁ‘&@%ﬁﬁﬁ%ﬁ%@é@é@d&% fégige imﬁrﬁédwéwnéﬂa’g’.' ng

f I UI dgl ompemng isvdefined betwesn anfamovalug ondside dthe body and = flovcchanhelt he f1 ow

ol b oA Bt oLt o8, Y4 P B or A el RS LRV

devi ces aaéhﬁ-me bodyv adjricent dhei @peﬁirﬁg} haavrdstgra dhdwa Sphﬁahtpl diody

adj acent t he openi n(t; a rojor, nd a uralit, 6 ele i.‘

menberts, Eletrom agNEticomambensy t ﬁénEtt}E’ﬂ \sllrnﬁg the,gte ol body,
the reto Eo@%n‘tﬁﬁb‘ﬂd CEH@FBﬂfehh& t@ﬁ@@&?oﬁl@%ﬁéﬁ@rmbﬂlbe?s%%&ﬁ%i“f@' y bl ock
or un the openin : hod as defined in claim28, wherein

the fl8®w sdmtn%ly‘tﬂodkduyunbh@ktbeepemns the el ectromagnetic nenbers are
noved axially within 3 thebody of the flow control device. 1 30. The
nmet hod as defined in claim28, wherein the step of noving 2 the flow
control body, the rotor, and the el ectranagnetic nmenbers includes 3
ener gi gi ng a rmgor 'Dlwmeuhoﬁras tefirt écdbin «:hnm @B, cdherein tthetfbewfdontralont r ol

4 body, theyrcua, an e, eLochs am AGnelLe IRIRGCS A, il FRRERY 2
3 thebody of the flow control device.

30. The method asdefinedin claim 28, wherein the step of moving
the flow control body, the rotar, and the electranagnetic members includes
energizing a motar coupled in the flow contral device to the flow control

oW N =

body, therotar, and theelectromagnetic members.

31. Themethod asdefinedin claim 28, wherein the step of moving
the flow control body, the rotar, and the electromagnetic members includes
applying to the flow control body, the rotar, and the electromagnetic
members a longitudinal mechanical force originated outside the flow control

o1 B W N -

device.

32. The method as defined in claim 28, further comprising the
2 stepsoft

3 driving the rotar of the flow control device with fluid from the

-
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2 the flow control body, the rotor, and the el ectronmagnetic nenbers
includes 3 applying to the flow control body, the rota, and the

el ect r omagr#®0iot/06680 nenbers a | ongi t udi nal mechani cal f or ce PEATUSOMEISINI
outside the flow control 5 device. 1 32. The nethod as defined in claim
28, further conprising the-2 steps of -28Friving the rota of the flow
control device with fluid fromthe This Sheet Has Been Replaced I 11~I111
FETTTT VAL avinhilug flowing thrb.llg]h lthé opehing fhtd tHe flow cHdrndl lihsidel theVfbw

01/ 06090 _PCT/ Usg)?/ 19330 -28 4 annulus flow ng through the opening into the
f1 ow chaPnelCORHOI H8VERE flow 5 control device: 6 rot ating the plurality of
el ectrompgneti c rrenb_ers of the . flo ontrol 7 dev P&thﬁ rotor such

that el eBtricityrPatigtheplrality of g mesnﬁ{:}cm he Howicoptsalhe
f1ow congrolgedeieiwith the%%taTd%hrmta*aefhceﬁcﬁﬁflsg@ﬁefaneal #adn 32, further

conprising, at a 2 different time fromdriving the rotor W|th fluid from
t he annugus, thea.gh c°t tRE elebt i & lff&h HefloRFe 1t the fl ow control
devi ce; § rotati r(;'g ln?urallty 0?9 ?rgnggn%%tgbn%énv%%rs in response to
the 6 electricity conducted to the flow control device; and 7 . driving
the rotor with the rotating el ectromagnetic nenbers such 8 that the driven

he annufus. 1 a#3 TatsdnesnSdaS i & claif, ba? SuFBR Qmptaliy aica ng.

2 deferent time from driving the rotar with fluid from the annulus, the steps

of:
4 conducting electricity tothe flow control dev ice;
5 rotating the plurality of electromagnetic members in response to the
6 electricity conducted to theflow control device; and
7 . driving the rotar with the rotating electromagnetic members such
8 that the driven rotar pumps fluid from the flow channel of the flow control
device totheannulus.
1 34. Themethod asdefinedin claim 28, further comprising:
2 conducting electricity totheflow control device;

rotating the plurality of electromagnetic members in response to the
electricity; and

driving the rotar with the rotating electromagnetic members such
that the driven rotar pumps fluid from the flow channel of the flow control

N oo AW

device totheannulus when the opening is unblocked.
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2 conducting electricity to the flow control device; 3 rotating the )
plurality of electromagnetic nenbers in response to the 4 electricity; and
5 drivi ngwoha/o6eor with the rotating el ectronagneti c neROeusooz9s30 6 t hat
the driven rotor punps fluid fromthe flow channel of the flow control 7
device to the annul us when the openi n®@9s unbl ocked. ~i 1111111111111 11lu
LI~~~ CL MS W 01/ 06090 PCT/US00/ 19330 -29 1 35. A method of managi ng
fluid flowin a well, conprising the steps 2 of: 3 producing a fluid from
a subterranean formation into the well, the 4 fluid including hydrocarbons
and watier; 5 seggar atA ngethodof nansging fladd dowfinenwilldcen priings tloé stdps 1 ui d;
and 6 reinjecting, fromwthin the well, the separated water such that the
7 separat ¥ water is not produced to the surface from which the well
extends. 1 36. The nethod ag defined,in claim35, wherein the step of 2
rei nj edting thé’ré’g%hn&t %%“Héttngi #Subterrangan Jaenationgindpdhe well: yhen t he

wel |; and fudR8cRIdIR edrbolts hRAWRler; Wi th the electricity, thereby
punpi ng 5 the separgtlé’d&vvater. 1 37. The method as defined in claim 36,

wher el the st Qgnglatiry, HYREWHL] Watet 8cki hy'didedrboh0fr Wilduilnghydes: 3 at.

| east partially ing a first opening in a tirst ow control 4

Least part] nbl 9 a firs n rst i .
511 r o8 annur udclripSting b RittihShe el teleiPEihiater BECH BRAr b o€l 8
first 76 fdeparatedwater denoiproduted ththesurfatefyom which thewellextendsgh t he

first opening, 7 the first flow control device also having a first rotor
and a first plurality of .

1 36. The method as defined in claim 35, wherein the step of
2 reinjecting the separated water includes:

3 generating electi'icity in thewell; and

4 operating a pump in the well with the electricity, thereby pumping

5 theseparated water.

1 37. The method as defined in claim 36, wherein the step of
2 generating electricity in the well includes:
3 at least partially unblocking a first opening in a first flow control
4 device having a first body in which the first opening is defined between a
5 first annulus outsde the first body and a first flow channel inside the first
6 flowcontrol device, thereby allowing fluid to flow through the first opening,
7 thefirst flow control device alsohaving a first rotar and a first plurality of
8 electromagnetic members;
9 driving the first rotar with the flowing fluid;

10 rotating the first plurality of electromagnetic members with the first

11 rotar such that electricity is generated; and

12 conducting theelectricity from the first flow control device to operate
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N o




8 electromagnetic nmenbers; 9 driving the first rotor wwth the flow ng
fluid; 10 rotating the first plurality of electromagnetic nmenbers with the
first 11 rwboetnemweh that electricity is generated; and 12pcendowiossng t he
electricity fromthe first flow control device to operate This sheet Has
Been Replaced 11111111111111.f 1/1111134gbk 1111 EILLILIILLIITITIT M $

LT Errrrl W 01/ 06090 PCT/ USO0/ 19330 -30- 13 the punp. 1 38. The net hod
as defipgd ithegughf) 37, Wherein the step of 2 operating a punp includes: 3
at | east partially unbl ocking a second opening in a second flow control 4
devi ce having a second body in which the second opening is defined between
5 a second annul us outside the second body and a second fl ow channel i nside
6 the segond flo on | iSe fdow I v SO
7 havi ngia secon\gégr'ot ?}gngg&ggggﬁga%%é%i@y%gﬁeé@t %ﬁgt'f}g@%%er s; 8
conduct i g tdperafingtar pempinchiddse second fl ow control device fromthe 9
first flow control device; 10 rotating the second plurality of

el ectronggnet i c raditbast partiallysynblockingla second@pehizgg in aisegondaflowlicdndrolvi ng

the second roter with the rotati second..plural ity af 13 eGty anagnet i ¢

menber s Sucriavics Bavihes seridbadyin WhIch i shond gbering isdeimed Detyedn,

bet ween ghe #sqend dnmdusiitide thedebfed bodp aghdod Beddnd fldwdthank @ igidaod as
defined in clai m 38, e, step of@)}%@generatl ng electricity further

[ t
i ncl udes bseridiengeaond eﬁregét{]@e{] Sexiaes | and yther secnd Hdowi eantrel davisenelssl
devi ce 19 JHLIREPsohlYottrdrfilk BYREHIGFINy i dlédrofiabhlitt Wetbepyoh the
8

first opéning.
conducting the electricity to the secand flow control device from the
9 first flow control device;

10 rotating the second plurality of electromagnetic members in response
11 totheelectricity; and

12 driving the secand rotar with the rotating secand plurality of
13 electromagnetic members such that the driven second rotar pumps the
14 separated water between the secand flow channel andthe second annulus.

39. The method as defined in claim 38, wherein the step of
generating electricity further includes sensing the generated electricity of
the first flow control device to determine a fluid flow parameter of fluid

H WO

flowing through the first opening.

40. The method as defined in claim 39, wherein the step of
generating electricity further includes controlling the step of at least
partially unblocking the opening in the first flow control device in response

SN =

tothe sensed electricity.

1 41. The method asdefined in claim 40, wherein the step of at least

-
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1 40. The nethod as defined in claim39, wherein the step of 2 generating
electricity further includes controlling the step of at least 3 partially
unbl ocki ngotoheseepeni ng in the first flow control device Por/wsmpessse 4 to
the sensed electricity. 1 41. The nethod as defined in claim40, wherein
the step of at least i I"I"~l LIIIII-g34l LI"1" 11 1" CL MWD 01/06090
PCT/ USOQ/ 19330 -31 2 partially unbl ocking the first opening includes

novi ngat hﬁpzfr'nraﬂ?' ﬁﬁbllz{d;?(%th@ firis apeﬂhlgr aidlﬁaes)ﬁm%@gttherfﬁ%%t& dyedoer s

axially with ody, wherein the step of_ at_ | east

parti aBl y finsbpbuRiity %W@H@N% ﬁ@lxﬁﬂlﬁé withigghefiyst hedwseardd r ot or

2220ﬁ3ﬁ°”§"‘%‘%‘€3"é¥ﬁ$ of 8t Rélsl DAPGANY \UIERE The Se@hdpchis iilldeyC
at | east mopmg the second wotaidmd se¢ondi phurality efiiebertromiguetic moeintgrs he
w ¢ hi By he AR i idseint Bpad Y, P, €, 57} TPIRON) € TPIORS T80

PCTNSOQO 19330 -32 1 43. A net hod of rranagl ng fluid flowin a well, the
met hod 2 conprising the steps of 3 generating electricity in the well; and

4 operating a pu t he h the electricit 44. Th t hod as
def Pnea i ngcl a&rﬁrﬁ;ﬂ‘&%?@vﬁ ﬁ%‘iéft in,glaim %’éﬂ‘@hﬁ&lﬂgt he;step Pﬁeﬂ 8% nn t he
vel | ipcl %ﬁan% ahbioeﬁﬁig B¢ Frdd byeﬁiﬂgl eide ﬁo@iﬂgffth@riﬁ@t peta gl fi 1 st
fl ow control device having a first body in first opening is

defi ne8 betmteplrurahtz of plestrompagmetic mambers axially Wﬂpnab&xﬂréhbow first flow

channel inside the first

I —————
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6 flow control device, thereby allowng fluid to flow through the first
opening, 7 the first flow control device also having a first rotor and a
first pluravpwoyo@ 38 el ectromagnetic nenbers; 9 driving tRETUSPYINBF0Ht or
with the flowng fluid; 10 rotating the first plurality of el ectromgnetic
menbers with the first 11 rotor such th3R-electricity is generated; and 12
conducting the electricity fromthe first flow control device to operate
13 the pump 1 433.Thd moethefl «of thAnagidgi Audd dflow iy avheelj nthtehenethed of

2 operatin 3 at least partially unblocking a second
openi ng {z %Egﬁrnﬁ&gfqﬁg\#eg%grol 4 device having a second body in which
t he second openin |s def i ond annul us outside the
second bady and HBgFPthg; ?ﬁxﬁﬁ?ﬁl‘eﬁ’ﬁ%‘? 6 the second flow control
device, and the seco flow contr | s VI ng a second rotor
and a seffond pl urPRFFd nt;’“%ia %‘f‘%‘&lp&ﬁ’ﬁdﬁ@ ﬁhﬁ?ﬁéf*?‘% Y¥onducting the

electricity to the second flow control device fromthe 9 first flow

control device; | 1111111 111111 11111 11111 11 1111 This Sheet Has Been
Replaced CL Ms VIIIIIIII [11 8 06090 @fT/USOO’lQBBO -33 10 rotating
the secodd plural4dy dhemethohagnde ‘gre‘ﬁ‘b aim 43 espbersin the (gep nef

el ectricit yfga{bgaﬁf‘g@lé&fﬁ 1lﬁetl§e\9 ;hagagg. with the rotating second

plurality o ctromagneti c rre ers 46. The nethod as defined in
cl ai m 45, wherei nt ign I [ f | es
oot Bre el il it stspggttlgglglansragﬁﬁ?g fir&! G5dihg! i a' HE& Bow! Silth

4 evice having a first body in which the first opening is defined between a

5 first annulus outside the first body and a first flow channel inside the first
6 flowcontrol device, thereby allowing fluid to flow through the first opening,
7  the first flow control device alsohaving a first rotar and a first plurality of
8 electromagnetic members;
9 driving the first rotar with the flowing fluid;

10 rotating the first plurality of electromagnetic members with the first

11 rotar such that electricity isgenerated; and

12 conducting theelectricity from the first flow control device to operate
13 thepump.

ey

45. The method as defined in claim 44, wherein the step of
operating a pumpincludes:

N

at least partially unblocking a secand opening in a secand flow control
device having a secand body in which the second opening is defined between
a second annulus outside the second body and a second flow channel inside
the second flow control device, and the secand flow control device also
having a second rotar anda second plurality of electromagnetic members;

conducting the electricity to the secand flow control device from the
first flow control device;

* c L M S *
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3 the first flow control device to determne a fluid flow paraneter of
fluud 4 flowing through the first opening. 1 47. The nethod as defined in
claim 46,"‘%%’!’@891 the step of 2 generating electricity PGVUMOA933hc| udes.
controlling the step of at |least 3 partially unblocking the opening in the
first flow control device in responsé33 to the sensed electricity. 1 48.
The nmethod as defined in claim47,  wherein the step of at |east 2
parti®®ly unbl setating thesecond plugadityrof eleckroraagnekis membars M PespoRsg or and

3 fir p ' =] romagnetic nmenbers axially within the first body,
and giv\hggél?ir"\élt éqéslgg’pﬁg at | east partially unbl ocking the second opening

I ncl ugles 5 nowy h e r @Eﬂ.‘ 0 ' 0, r gnetic
merrbe?% 6 axi %#%n&/i ﬁn n&?gdsg%t%d od?ﬁ%lggba?i&#lggegg?%o@ugéﬁg%f |8fnrgd in
cl ai m34, eldvtramagnéetic maeapberfs.at | east 2 partially unbl ocking the first
opening includes nmoving the first rotor and 3 first plurality of

el ectromagnetic nenbers axially within the first body.
1111112112112212212121121121111 CL M S WO 01/ 06090 PCTNS00/ 19330 -34 1 50.
A SKSt em for hrralsa?: Thef (tjna%tﬁoﬁl wfdeﬁmdv\m ! clagnrrn?; sjvhgﬁin2 theféteplt oset of
packers in the well_ to define a fjrst_zone;, I rst w,cont rol device,
the f17st Bengtating elesrigdy e ther:inghides serising,Bar senerated dlectileity mgackers
in thegwelthe fR€ flow ebnirbDHes ! {0 dett@riia a F1MHAVASE Farfant &ler LM uid) Whi ch
a first opening I's defined between a first 6 annulus outside the first
body a#d #lowingithrough thefirgiopeningie the first flow 7 control device, and
the first flow control device al sohavihg a first rotor and a 8 first
plurality of electronmagnetic nenbers such that the first rotor and first 9
el ectronmagneti c nmenbers selectively operate together as either a first 10
gener attor or ag4fi.r sTheumpethod as defined in claim 46, wherein the step of

2 generating electricity further includes controlling the step of at least
3 partially unblocking the opening in the first flow control device in response
4 tothesensed electricity.

48. Themethod asdefinedin claim 47, wherein the step of at least
partially unblocking the first opening includes moving the first rotar and
first plurality of electromagnetic members axially within thefirst body, and
wherein thestep of at least partially unblocking the secand opening includes
moving the second rotar and secand plurality of electromagnetic members
axially within thesecand body.

N AW N -

1 49. Themethod asdefinedin claim 44, wherein the step of at least
2 partially unblocking the first opening includes moving the first rotar and
3 first plurality of electromagnetic members axially within the first body.
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11 a second set of packers in the well to define a second zone; and 12 a
second flow control device, the second flow control device disposed 13
bet ween t hewo®orasso set of packers in the well, the second PCEMSMI300]
device 14 having a second body in which a second opening is defined

bet ween a second 15 annul us outside theggecond body and a second fl ow
channel inside the second 16 flow control device, and the second fl ow
control device also having a second 17 rota .and a second plurality of

el ectromagneti c nenbers such that the 18 second rotor and second

el ectromagneti c moThREP st‘éﬁi&ﬁ'tm!ﬁhg_n@ﬂﬁiﬂﬂowlﬁatﬁﬁﬂ,té&ﬁ phisirgi:t her a second
generator or a second punp. 1 51 he system as defined 1 n claimb50,

wherein ghe firsty fitPge lcRbrs iR ARV ER th B6finiél§ Firdt Zdnest actuator to novea
first flow control body adjacent the 3 first opening, and wherein the

second f ow cont olirde e doetdllaevibes AR firsr! fRAH Wah Mol ! BedRYCaRpsREON

fl ow control body adjacent the second open| ng system as  defi ned
i n cl ai 51, befiweenithe fiestf satsof packensdn tlpe mlbsthehﬁrstuﬂew c¢m1cdnvm|

body, fi rst | g [
wthin tho MR, Fotrs oy f SehiATRIRY. penipBl i Qblinbd HicREnY, Arey'
11111 I 1 6l | Idnrtul@slouf@de 1hednso b /atddDa/Hi38 Tlow cBSmielbinmﬂe elmelﬁtrgb?owk t he
first openin wher ei he. second a t or ot n
cont r ol Bodﬂhﬁgiﬁal%%‘athﬁglrﬁ%‘ﬁ&%&@i%%}?&gﬁ@%%"mg %ﬁﬁ% i & eher
axially @it Hifg bhﬁa&ﬁ?%@lé&%ﬁ%ﬁét’i@héiﬁ%ﬁ@sﬂ&th?lt&ﬁb@ﬁtst v@ﬂd atii@ﬁkstand -
unbl ock the second opening. 111171111111111 . 111111111111111 M

9 electromagnetic members selectively operate together as elther a first

10 generator or a first pump;
11 a secand set of packers in the well to define a secand zone; and

12 a secand flow control device, the secand flow control device disposed
13 between the secand set of packers in the well, the secand flow control device
14 having a secand body in which a secand opening is defined between a secand
15 annulusoutside the secand body anda secand flow channel inside the second
16 flow control device, and the second flow control device alsohaving a secand
17 rotar and a second plurality of electromagnetic members such that the
18 second rotar and second electromagnetic members selectively operate
19 together as either a second generator or a secand pump.

1 51. The system asdefined in claim 50, wherein thefirs flow control
2 deviceincludesa first actuator tomovea first flow control body adjacent the
3 first opening, and wherein the second flow control device includes a second
4 actuator tomovea second flow control body adjacent the second opening.

1 52. The system as defined in claim 51, wherein the first actuator

moves the first flow control body, first rotar and first electromagnetic
3 members together axially within the first flow control device to selectively
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block and unblock thefirst opening, and wherein the second actuator moves
the second flow control body, secand rotar and secand electromagnetic

members together axially within the second flow control device to
selectively block and unblock the second opening.
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