15 DEC 2004 -1 5 VI BRATI ON BASED POAER GENERATOR 1.0 TECHNI CAL FI ELD 15 The
present invention relates generally to equipnment utilized and- operations
performed in conjunction with subterranean wells and, in an enbodi
described herein, nore particularly provides an electrical power 5 DEC 2004
generator. BACKGROUND 20 El ectrical power for use in a downhol e environnent
has generally in the past been either stored in a device, such as a
battery, and conveyed downhole or it has been transmtted via conductors,
such as a wireline, fromthe surface qr another renote |ocation. As is
wel | known, batteries have the capability of storing only a finite anount
of power therein and have environnental limts, 25 such as tenperature, on
their use. Additionally, batteries are not readily recharged downhol e.

El ectri.cal conductors, such as those in a conventional wireline, provide a
practically unlimted anount of power, but require special facilities at
the surface -2 for deploynent and typically obstruct the production

fl owpat h, thereby preventing the use of safety valves, limting the flow
rate of fluids through the flowpath, etc., while the conductors are in the
fl owpath. Thus, wireline operations are typically carried out prior to the
products on phase of a well, or 5 during renedial operations after the well

has: been pl aced into production.

VIBRATION BASED POWER GENERATOR

10

TECHNICAL FIELD

The present invention relites generally to equipment utilized and-
operations performed in conjunction with subterranean wells and, in an

15 embodiment described herein, more particularly provides an electrical power
generator.

BACKGROUND

20 Electrical power for use in a downhole environment has genérally in the
past been either stored in a device, such as a battery, and conveyed downhole or
it has been transmitted via conductors, such as a wireline, from the surface or
another remote location. As is well known, batteries have the capability of
storing omnly a finite amount of power therein and have environmental limits,

25 such as temperature, on their use. Additionally, batteries are not readily
recharged downhole,

Electrical conductors, such as those in a conventional wireline, provide a
practically unlimited amount of power, but require special facilities at the surface t



In other circunstances, such as relatively pernmanent production

situations, the conductors may be positioned external to a tubing string.
For exanple, such external conductors have been used for powering and
conmmuni cating with sensors in production situations. However, this haKEES 2000
running the tubing string very tine-consumng and often results in
unreliable electrical cennections, -etc. . What is needed is a new net hod
of generating electrical power. The nethod should not require that power
be stored in a device and then conveyed downhole or to another renote

| ocation where it is difficult to redﬁ%}ge. The 15 nethod shoul d al so not

require t trgnsm.tted froma renote | ocation via one or nore
conductorg%og%}(;)nﬁ%g i2 ga%fﬁ’%‘ﬂg'ctq SHuel dhhRmdugtion \awpagh, thsebynal to a

tubi ng. st prewpritingtihe uselof safety valvess Gatithe honap 9l SAual iR et
ed, (0]

I nvention vide a, new, nmeth wher eby, power_ 1's gener at
provi de aﬂtﬁaggggr t(tginsw]f"‘(g?v%,gﬁcﬁ.’ ?g@ﬁe‘!ﬂafheolﬂp“‘?@ UMY Wirelime ryi ng out
the princopémtions athypiraliyeatrisd\sanbiionto it BAGHARNGR,Y Ak \af) grbodi ment
thereo,fT;, amg %%Ejleratq# an aaisomﬁé%grret hod, are” provi de Whi ch
sol ve Phe a g%,/\g&g rahqhs gwe phalacedinte prasuctipmr at es by
di splacing a nb thereof in response to pressure changes in the
generator foﬁ% e‘i‘é%l%fwﬁféaqcﬁs'f ISE‘FIH P§ FRativelyu permabenie prodiation A
pi ezoel ectituations, tei ndugtorsngsbe beatibndd ettty bNapiRRRL, dipp! aces. The
power gerkgsﬁjtp@é th teds din.a dow‘}llhol envi ronnent Gr I n~conj unction
with fluid rrow throug ’é%; CRUIRERTE . v 20¢ed  fors properipg04nd

communicating with sensors in production situations. However, this makes

10 running the tubing string very time-consuming and often results in unreliable
electrical connections, etc. :

- What is needed is a new.method of generating electrical power. The
method should not require that power be stored in a device and then conveyedr
downhole or to another remote location where it is diffieult to recharge. The

15 method should also not require that power be transmitted from a remote loeation
via one or more conductors poéitioned in 2 production flowpath of a well or
external to a tubing string in the well. It is accordingly an object of the present
invention: to provide a new method whereby power is generated, and to provide
an apparatus for such power generation.

20

SUMMARY

In carrying out the principles of the present invention, in accordance with
an embodiment thereof, a power generator and associated method are provided
25 which solve the above problems in the art. The power generator operates by
displacing a member thereof in response to pressure changes in the generator, for
example, due to fluid flow through the generatar. A piezoelectric material
produces electricity when the member displaces. The power generator may be
| used in a downhole environment or in conjunction with fluid flow through any

30 conduit.




-3 In one aspect of the present invention, a power generator includes a
flurd conduit and a piezoelectric material attached to the conduit. Wen a
pressure change is experienced in the conduit, such as, due to quH%
flow ng through the conduit, the piezoelectric material produces OEC 2004
electricity, due to flexing of the 5 conduit. The conduit may include a
reduced .t hi ckness portion, which has an increased degree of flexing in
response to the fluid flow, with the piezoelectric material being attached
to the reduced thickness portion. In_g?pther aspect of the present

I nvention, a power generator includes a mass reciprocably disposed
relative to an jgmr | SERRL2 lag 10 nber .| s
positioned b tmgl&taﬁg@an?ggﬂgg%sgﬂqgl ezoEe11 %%E’% Cg%(aipf H‘}c?ur%ﬁ@ifﬁ"él ow ng

t hr ough t H@naausa!wga pipzoelectrisanatariel attachied i teecomdditt Mehehy pragkiee Strain
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extend | n rRatp i AReRRCA inPtne Coadb Sigh 35, FRTChuid ot Sung the

material CBRAWY s piczesleciriponaletial pruducen distiricnddideo Hiestiigner thd ui d flow

{hr ougls thgndikp CRHEGUIFHARS iAUNE b alRa hRLERINERD, L0E £qUdU T and the
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housing. [n still_ another aspect o e present |
gener at or MReasgdedesres of fexing imersponsenio the fluid dowhatthetheipledoklébWic

communi Cama@éﬁmﬂlgtﬂﬁc&&'{djthﬁ%&%ﬂﬁ%&%}ggﬁer vibrates in response to

pressure changes in the conduit, suc o the flow of fluid through

the conduit. Anpirthet Bt 6f RURPEdeat i : t he chapber produces
et o pcil e 58 A

electricity when theblcglanber vi br at es. ) rc | may be
att ached 85§ JRCHFRSAC!Y isgesed, retativase an outer hpusing hithecgenettora Arbiabr ane

boundimg mepbet i9hositicnes BedREREthe Rast And apbﬁ&wmﬁgg?ﬁ}tgﬁ?lfg' st a vol ure

of the chanber..In yet apother aspect of the"prese power
gener at or Q‘WEFJE}&“&‘ZB[’% PYRSME cowEe the mass ta ﬁgmiMrarai(ﬂmneb}nmduﬁéo a flow
passage airafrhén frheliptezeeleatitict matbhial $RNRAS bidd Wnnfeseonse Lo, fluid flow
through the Huid conduit. A o Bedlbe? WlRPRANES mey
extend in the housing, with the mass, bias member and piezoelectric material
being positioned between the conduit and the housing, Fluid flow through the
15 conduit may be diverted to flow between the conduit and the housing.

In still another aspect of the present invention, a power generator includes |

a fluid conduit and a fluid chamber in fluid communication with the fluid
cenduit. The chamber vibrates in response to pressure changes in the conduit,
such as, due to the flow of fluid through the conduit. A piezoelectric material

20 attached to the chamber produces electricity when‘the chamber vibrates. The
piezoelectric material may be attached to internal or external walls of the
chamber, to a membrane bounding a portion of the chamber, or to a piston used
to adjust a volume of the chamber.

In yet another aspect of the present invention, 2 power generator includes

25 afluid conduit and a member extending into a flow passage of the fluid conduit,
The member vibrates in response to fluid flow through the fluid conduit, A
piezoelectric material produces electricity in response to the vibratj;m of the
member. The member may extend generally transversely relative to the flow

passage, and the piezoelectric material may support the member in position
30 relative to the fluid conduit.

In a further aspect of the present invention, a power generator includes a :
fluid conduit and a member having an orifice formed therethrough. Fluid flowing L



pi ezoel ectric material produces electricity in response to the vibration of
the nenber. The nenber may extend generally transversely relative to the

fl ow passage, and 'the piezoelectric material nmay support the nenb?rgEEZM
position 30 relative to the fluid conduit. In a further aspect of ﬁ 4
present invention, a power generator includes a fluid conduit and a nenber
havi ng an orifice fornmed-therethrough. Fluid flowng 15 DEC 2004 L' -4
through the fluid conduit also flows through the orifice, causing the
menber to vibrate. A piezoelectric erial produces electricity when the
menber vibrates. In a still further aspect of the present invention, a

ower genethadugh thenili@d6s i er..displacing within the
p g g the it BlsitbWOREIgh: thE oFRIDCL 50l 8 ot

fluid conduit resgeﬂnse hrough a
retai ner pf E%tl A2 %‘iﬂlﬁé@ﬁﬁﬁ Pﬁq?dlicﬁéﬂﬁ@mbléywhem &mmeﬂnberf\hbta@es,Qondw t,

and a plezoele?trlc erlal produ0|ng electricity in response to
di spl acement o T apRect it Pﬁ@ynﬂom\@ntletphermwdm gdnetatof et ai ned

in an enl mmdedescafiiyohduit, e bbb gel ectric material may
g’gt he fIU|d or“ﬁcdéC |‘tﬁgn5?Pi°PS‘?ray be

be pos t|
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menber contemhes' btk of ethei flatd c@h&ﬁtnahé 3 NeleRibcirft fﬁ eépoed (ol r| ¢

mat eri al . elle&n%add' {i onal %ﬁ?& e present 1 nven

gener at or dadespapse ity EW“F ha W?gmambﬁlav\%m@wrmm’eda

t her et hr osler@nwhieh davietsined. if #h ERIBERN 2REPH Fhe LN, ofnldﬂi‘i/ PagRage from
ange

the cavit er es _in. response to pressure C €in the
fl ow pasSagGe suc%rmét&qgu q‘ Pafgop &Ft‘”{eﬁF Huember ands thashide, and a
pi ez0§l ecronduitiat érinay bdumpmadd\bemeﬁ th@?etﬁﬁiék'ta)id thé AUHEEShRhEGHT I CIty 1N
response 0 h6, HFJEBE:%B& D Bie retainer, strain is induced in the piezoelectric

material,

In an additional aspect of the present invention, a power generator

includes a fluid conduit having a flow passage formed therethrough and a cavity.

15 A membrane separates the flow passage from the cavity., The membrane flexes in

response to pressure changes in the flow passage, such as, due to fluid flow

through the flow passage, and a piezoelectric materjal disposed within the cavity
produces electricity in response to the membrane flexing.

In another aspect of the present invention, displacement of a rilember in
20 response to fluid flowing through a flow passage is increased by inducing
turbulence in the fluid flow. A fluid conduit through which the flow passage
extends may be shaped to induce the turbilence, for example, by helically
shaping the fluid conduit, or by helically forming a recess or protrusion internally
or externally on the fluid conduit. Protrusions may also extend into the flow

25 passage upstream of the member.

These and other features, advantages, benefits and objects of the present
invention will become apparent to one of ordinary skill in the art upon careful
consideration of the detailed description of representative embodiments of the
invention hereinbelow and the accompanying drawings.

30




I n anot her aspect of the present invention, displacenent of a nenber in 20
response to fluid flow ng through a fl ow passage is increased by inducing
turbulence in the fluid flow. A fluid conduit through which the flow
passage extends may be shaped to induce the turbul ence, for exanpl &5 [BY 2004
helically shaping the fluid conduit, or by helically formng a recess or
protrusion internally or_externally on the fluid conduit. Protrusions may
al so extend into the flow 25 passage upstream of the menber. These and

ot her features, advantages, benefits and objects of the present invention
will become apparent to one of ordinard skill in the art upon careful

consi deration of the Ll LRLJ of representative enbodi nents of
the invention herei nQMRﬁﬁem&ﬁﬁyoﬁ%é. $E VEIFGSs. 30 1 5 DEC 2004
-5 BRIEF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic cross-sectional
view of a first power generator enbodyi ng principles of the present

I nvention; 5 F is a schematic cross-sectional view of a second power
gener at or errbodyl ng‘sp"’f .sﬁﬁ%i"é% cHpsssecioprl viemt of Ry Brti pawer FeBergor s a
schemat i ¢ eprhodyingguinciples ofithe preséntdntdiitiof; pover generator enbodyi ng
principles of the present invention; FIG 4 is a schematic cross-sectional
view o a four F3.pier sgbematit oross-tse)ctﬁmbbd)éwrkﬁ' P sedtRdPhdRer PenbiiEo T €SENT

i nventi on, E%? SI d eI evational views, respect ively, of
a first wa h@ng% ul conft‘ﬁég);ﬁreg?q P55 nduci ng turbulence in fluid flow
{her et oughi Ky if o %eﬁfaﬁctc%s%??@w&*&e?'e e e u el oct | Vel

of a second flu condurt configura
fl ow t herg{lhqadjg@ pnncxples of the present invention;

FIG. 4 is a schematic cross-sectional view of a fourth power generator
10 embodying principles of the present invention;

FIGS. 5 & 6 are top and side elevational views, respectively, of a first fluid
conduit configuration for inducing turbulence in fluid flow therethrough;

FIGS. 7 & 8 are top and side elevational views, respectively, of a2 second
fluid conduit configuration for inducing turbulence in fluid flow therethrough;

15 FIG. 9 is a schematic cross-sectional view of a fifth power generator
embodying principles of the present invention;

FIG. 10 is a schematic cross-sectional view of a sixth power generator
ermbodying principles of the present 1nvent10n

FIG. 11 is a schematic cross-sectional view of a seventh power generator
20 embodying principles of the present invention; and

FIG. 12 is a schematic cross-sectional view of an eighth power generator
embodying prineiples of the present invention.

H
DETAILED DESCRIPTION ‘ |
25 ‘ l

Representatively and schematically illustrated in FIG. 1 is a power | !
generator 10 which embodies principles of the present invention. In the I
following description of the generator 10 and other apparatus and methods :
described herein, directional terms, such as “above”, “below”, “upper”, “lower”, L
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DESCRI PTIEt$ 818 HE

a power
In the

9 is a schematic cross-sectional view of a fifth power generator

- enbodyi ng principles of the present invention; FIG 1o is a schematic
cross-sectional view of a sixth power generator enbodying principles_of
the present invention; FIG il is a schematic cross-sectional Vi ew@fﬂé 2004
sevent h power generator 20 enbodying principles of the present invention,
"and FIG 12 is a schematic cross-sectichal view of an ei ghth power

gener at or enbodyg&g princi pl es of the present invention. DETAILED
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'n other types o ndui
as a drill string or injection tubmg string, in other types of fluid conduits, such as

a subsea fluid conduit, may be used during stimulation or drill stem testing, may
be used as a flowmeter, may be used as a power source for logging while drilling
and measurement while drilling operations, and may be used in other methods,
without departing from the principles of the present invention. Thus, the
description herein of the generator 10 used in the tubular string 12 is not to be
taken as limiting of the utility of the present invention.

The generator 10 includes a fluid conduit 14 with a flow passage 16
extending therethrough. As fluid flows through the flow passage 16, the conduit
14 flexes somewhat, due to pressure fluctuations in the fluid. This flexing of the
conduit 14 induces strain in a piezoelectric material 18, such as PZT, attached
externally to the conduit. Of course, the conduit 14 may be made to flex by
pressure changes in the flow passage 16, without the pressure changes being
caused by fluid flow through the flow passage.

The piezoelectric material 18 could be otherwise attached to the conduit
14, for example, it may be attached internally to the conduit. An outer housing 22
encloses and protects the piezoelectric material 18.

As is well known to those skilled in the art, piezoelectric material produces
electricity when strain is induced in the material. Thus, the piezoelectric material
18 of the generator 10 produces electricity when the conduit 14 flexes in response
to fluid flow therethrough.



a subsea fluid conduit, may be used during stinulation or drill stem
testing, may be used as a flowreter, nay be used as a power source for

| ogging while drilling and nmeasurenent while drilling operations, and may
be used in other nmethods, 15 without departing fromthe principles b§ DEhG0s
present invention. Thus, the description herein of the generator in used
“in the tubular string 12 is not to be.~taken as linmting of the utility of
the present invention. The generator i0 includes a fluid conduit 14 with a

fl ow passage ' heret hr.ough. fluid flo t hrough the flow
passage 16,g t gego%\%ﬁﬁ%%gﬁaﬂ%dfﬁ’%%%%%%?é&%? W@nﬂﬁ%ﬁ%%ﬂ ucted via

f 1 uct uatliressoo o ieelbttictl pdiése drlsehi ' | | Sestrain in
a piezoelectric materi alc 1%, slﬁ%({l s%ﬁ%gﬁgvé%t éﬁh§§8%§2tegt§ﬁg?%%f%ﬂpﬁé
condui t .thergenstates, 10 orein dese proximityw ihdretorader earipby thy elevtasRyrBaghanges

in the flo S 16,,. wit hout the pressure, changes being caused by fluid
f1 ow thrﬂc?u‘\g% e&?ﬁeré&%pbaﬂ%&? L“%?O’ﬁ‘?g ag; %@éx%ﬂa@‘ﬂé&rﬁa& itnnogherdopll be
ot hebw ssewticelfidhe Walll BEwiBs Whd hoddingtyf exanple, it maybe attached
internally to the conduit. An outer houS8ing 22 encloses and protects the

pi ezoel ectri Lal 3b:8 [ to tRhose skilled in the art,

pi ezoel ectri éﬁén’%%lgfrl?a%d%@ggég%sﬁoeé}?&t ﬁ@% AREHET: POWRT | 8eRsidted®4d n the
mat er | alemioding! prigiplepe bfctehé ¢ pradcat] Shverdford 810! rdbesRIRYAY Olarle?
produces gl ecﬁ%ﬁ% en the conduit 14 flexes in response to flurd flow
t her et heGRgHa usgated. 7 The, gesesdtori 24tis puaidarcéd the ghremiterael ectric
materi a Thad C t la s 0 el ectiri.cal, po copnsym ng
devi ce ?ﬁgﬁlgi%mg?%t erﬁ%agml)d[ eﬂﬁﬁ%%g :ahetﬁggné:s&%’rt j_2(§> &0%”6?‘25&1"

pr ox0m interbmuatiosFiara enlaulpt strittd28 dhepsubtetiancamivelPndSop ehBLIENFI® 2
“battery_or_t.0, power ehn el e tl‘l(}% .device, either in another tool 5

el sewheMAteHa %@ Fdpghedqto e on %e%héméithg pigzoelectric material produces
electricity when pressure changes are experienced in the conduit, such as when

fluid is flowed through the conduit. However, a flow passage 32 extending
through the conduit 26 has a radially enlarged portion, thereby corming a radially
15 reduced thickness portion 34 of the conduit.

It will be readily appreciated by one skilled in the art that the reduced
thickness portion 34 of the conduit 26 will flex greater in response to pressure
fluctuations in the flow passage 32 than the remainder of the conduit. This
increased degree of flexing is used to induce greater strain in the piezoelectric

20 material 30 and, thus, produce greater electrical power output from the
piezoelectric material as compared to the generator 10 described above. Note
that the reduced thickness portion 34 could be otherwise created, for example, by
providing a reduced outer dimension of the conduit 26, ete.

Similar to the generator 10, the generator 24 also includes an outer
25 housing 36 for providing protection to the piezoelectric material 30. Lines 38
conduct electricity from the piezoelectric material 30 to a power consuming

device (not shown) either remote from or in close proximity to the generator 24.

Referring additionally now to FIG. 3, another power generator 40

embodying principles of the present invention is representatively and

30 schematically illustrated. The generator 40 is depicted in FIG. 3 interconnected
in a tubular string 42 and positioned in a subterranean well. Fluid flow through a

fluid conduit 44 of the generator 40 is used to displace a mass 46 to load a bias




Referring additionally now to FIG 2, another power generator 24 enbodying
“principles of the present invention is representatively and schematically
illustrated. The generator 24 is simlar to the generator io described
above, in that it includes a fluid conduit 26 configured for to 15 DEC 2004
~interconnection in a tubular string 28 in a subterranean well and a

pi ezoelectric material 30 attached to ®he conduit, so that the
pi ezoel ectri¢c material produces electricity when pressure changes are
exper i endaémbert48, sueliuist p spiihg asndhérereby tinducs éﬂ'ﬁ“eﬁltd";ﬁé%éléc;hgc
condui t. F% ver a flow passage 32 extending through the conduit has a
radiaIIyIE %%Fgég'portion, thereby formng a radially 15 reduced thickness
portion 34 of the conduit. |t will be readily appreciated by one skilled in

the art that tH® Fasicty Sprmg KBeand piezaetactde matertsd gradeidisGediihla f | ex
greater i.n,resp Sl fluctumations.in the,fl ow passage 32 than
t he remaicﬁgl o of ﬁ%‘&@%%gwy%ﬁ"?e%n e%@“%é&r%‘@@ﬂ pyiexi hygising 64ed to
i nducs giFdaidetoratmaiitatich bewddired TRIve Gaks i S

| Des{apert PRty (R R o) o

produce greater electrical power output fro
conpar ed4do2apdethee chambsr 32 ideprovided bopeninyst 58, Grataboke areditndsv

L oS e REh A, AR R MEaethtd Sl S BT Ry cobnaebr ne
10, the gearnailid o diectychioash Me AP hashee i ThWhith Lot B guidi ng

protection to the piezoelectric material 3 con icity
f rom t heflpid Zlowyingt tireughtibei Bowapassage ipdwgrassedshrough tHewdheenlerosa shown)

eit r ). close proximty to,th enerator 24. Referring
aaci Sl onarry bt te bibect? el tntabmegahuf Sor THSUEbnBBAEoHE 64

pri nci pl gereln, i eviicle 8o onlp\Epbitivh 6StHeIRAQ TRk ol?ﬁﬁﬁl g
schematically il]uystrated. ?he generatore 40 i's dgl%itgﬁ%"l n é@p ssage
interconWéSQthoﬂﬁb@h%ﬁh%mbﬁh§242 and positioned in a subterranean
well. Fluid flow through a fluid conduit 44 of the generator 40 is used to
di spl ace a maés hddtitowsthroughi the chamber 52 between the openings 58, 60, the

mass 46 is caused to displace, due to the resistance to fluid flow thereacross and
15  pressure fluctuations in the flowing fluid. As the mass 46 displaces, the spring 48
is loaded (that is, force is stored therein) and this results in strain being induced
in the piezoelectric material 50. Strain in the piezoelectric material 50 causes it

Do

to produce electricity, which is conducted via lines 66 to an electrical power
consuming device (not shown) either remote from or in close proximity to the
20 generator 40.

Referring additionally now to FIG. 4, another power generator 68
embodying principles of the present invention is representatively and
schematically illustrated. As depicted in FIG. 4, the generator 68 is
interconnected in a tubular string 70 and positioned in a subterranean well. The

25  generator 68 includes a fluid chamber 72 in fluid communication via an opening
74 with a flow passage 76 extending in 4 fluid conduit 78. The chamber 72 is
formed radially between the conduit 78 and an outer housing 8o.

It will be readily appreciated by one skilled in the art that, when pressure

fluctuations are experienced in the flow passage 76, such as, due to fluid flowing

30 through the flow passage 76, the chamber 72 will vibrate. Preferably, the
chamber 72 is “tuned” so that it vibrates at one or more of its resonant
frequencies commensurate with the velocity, density, ete. of the fluid flowing past



15 DEC 2004 -8 nenber 48, such as a spring, and thereby induce strain in a
pi ezoelectric material 50. The mass 46, spring 48 and piezoel ectric
material 50 are disposed in a chanber 52 fornmed radially between tpf 2004
conduit 44 and an outer housing 54. 5 Fluid comuni cati on between a Pgﬂ
passage 56 extending through the conduit 44 and the chanber 52 is provided
by openings 58, 60 above and bel ow, L@ﬁpectively, a plug 62 in the flow
passage 56. The plug 62 may conpletely” prevent fluid flow directly through

he fl i ich | f fluid fl i h h th
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stored therein) and this results in strain being induced in the

i ezoel ectric [ hn | | ezoel ectri.c yateri 50 causes
Pt to producgggpg%tl?{leg? Y ﬁtlvéﬁ EJ% Pgeégﬁdg%feé‘&?%i Eqtrifas DeWer dram the
el ect ri cebrytioweof thocsambagyzlePiegeclcoRic SR &4 cfr ﬁfﬂl‘lﬁfl{iﬁ%ﬂﬂ){i n
g a y

cl ose proximt o, the 20.generator 40, Referrin Itiona nhowto FIG
4, anot h&r %Vé@ﬂ%%&%ﬁeﬁd‘@é 78eWBBER it{grmsiarcinnerswall of ke phamber 72.

i nvent i OfiehSe] i :,atgéi Ol i Llust hate depi cted
in FIG 4,e ?%gagrecﬁlzlr%g%%ér] S’G%h]}’a [ %%tgr conne%ﬁ?&iﬁ‘# %’dpm yatrod@pﬁ?q}gl and
posiii one where risfobnesraraoeten wadl of thelehagfheg gne rRibaiel&8rit REAHEE0 8 rhayi d
chanber 72infld.|%'d colmT.uni'ction via an opening .
bé attached to a felatively thin membrane 92 bounding a portion of the chamber
72. Piezoelectric material 94 may be attached to the piston 82, for example,
positioned between the piston and the collar 84. Of course, it will be readily
appreciated that vibration of the chamber 72 may be used to generate electrical
15  power in any other manner as well, without departing from the principles of the

present invention.

Lines 87, 89, 91, 95 conduct the electricity produced by the piezoelectric
materials 86, 88, 90, 94, respectively, to electrical power consuming device(s)
(not shown) either remote from or in close proximity to the generator 68.

20 Referring additionally now to FIGS. 5 & 6, a configuration of a fluid
conduit 96 which may be used in any of the power generators described herein is
schematically and representatively illustrated. The conduit 96 has a helical
shape. As fluid flows through a flow passage 98 extending through the conduit
96, turbulence is induced in the fluid. This turbulence is used to increase

25 displacement of a member of a generator which responds to fluid flow
therethrough. |

For example, if the conduit 96 is substituted for the conduit 14 in the
generator 10 described above, the conduit 96 will itself flex to a greater degree
and result in increased electrical output from the piezoelectric material 18, due to

30 increased pressure fluctuations in the flow passage 98. If the conduit 96 is
substituted for the conduit 26 in the generator 24 described above (in which case
the conduit 96 would be provided with the reduced wall thickness portion 34 to



74 with a flow passage 76 extending in a fluid conduit 78. The chanber 72
is fornmed radially between the conduit 78 and an outer housing 80. It wll
be readily appreciated by one skilled in the art that, when pressure
fluctuations are experienced in the flow passage 76, such as, due tI& BECuZ084
flowing 30 through the flow passage 76, the chanber 72 will vibrate.

" Preferably, the chanber 72 is "tuned"-sm-that it vibrates at one or nore of
its resonant frequencies commensurate with the velocity, density, etc. of

the flui dvﬁlbh\fﬂq@%l@aﬁleclné n‘i%ﬁ@nﬁpgé 1s%téch38),QHEfEa@9§ ﬁa‘el‘esé{ WQ}]S the

vol unme of the chanber 72 may be adj usted tune
appr opr i atletheeﬂ@?\’amssﬂgQ(ﬁﬁemH re m;uureasadj flexinghef th@lpumogf 34 hmd

o that HEcERstd pRERYal Dufpl L Bk BlerhuR bR Ratunal bo. b she éoniy afels.
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ol oot et copStinAed facd om@fﬁéd“ﬁ *‘b‘fr fifthe el Muhr %ﬁﬁﬁﬁﬂ%ﬁeﬁgﬁﬁ} g
mat erd al tes conduit @b twawlddbe rmem:nhﬂl withotheewpenimals| 38,t 6o tdiel e @t 318
where it for he chanber 7 Piezoel ectric material 88
my be afifg ﬁﬁﬁﬁa@iﬂ%ﬁ@%@h@ & hah iycieasedhbukmandegnideghdibneing:

fornms an el Y/

attached to r el 3?@@21&%%%%?@%? a‘%g%#ﬁﬁ%&%@éﬁg%%nﬁe{sﬁg 1ELharrber
72. P: ezefreased dlsqﬁammit oft thaym}aes af6, ahteeeby @aubiagp hﬁr@ﬂse‘ﬁ? elde@rical t
exanpl e, course, |

[ ned be n |ston d the collar 84.
will be ?B&H‘P th%&plf}%‘?ﬁ%q%élﬁ gq @lfﬂ?'aﬁa genque Q@n&rﬁ@smgtﬂﬁ]aﬂﬂrﬁbeused
to gener t S I
dopart nod THEL TE s B8, pERRRICES! destiitol e T IORiCcHAYE, the Brififthg o)
95 condueouldbe previded sritly the operieg 7r4yt%r bempheuizationtwiile the chamber 72),
then increased turbulence in the fluid flowing through the flow passage 98 will
result in increased vibration of the chamber 72, thereby causing increased

electrical output of the various piezoelectric materials 86, 88, 90, g4.

15 Note that the conduit 96 may be made of a material, for example, titanium
or a composite material, etc., which provides enhanced flexure of the conduit due
to pressure fluctuations therein, for those embodiments of power generators
described herein in which electrical power is produced in response to flexure of a
fluid conduit.

20 Referring additionally now to FIGS. 7 & 8, another configuration of a fluid
conduit 100 which may be used in any of the power generators described herein
to induce turbulence in fluid flow is representatively and schematically
illustrated. The conduit 100 has a flow passage 102 extending therethrough. A
recess 104 is formed internally on the conduit 100 and extends helically therein

25  (the recess forming part of the flow passage 102), so that turbulence is induced in
fluid flow through the flow passage.

In a similar manner to that described above for the conduit 96, the
increased turbulence in the flow passage 102 caused by the helical recess 104 may
be used to increase electrical output from any of the power generators described

30  herein. Additionally, the conduit 100 includes an external protrusion 106 formed
helically thereon, which may be used to increase turbulence in fhuid flowing
external to the conduit 100. For example, if the conduit 100 is substituted for the



materials 86, 88, 90, 94, respectively, to electrical power consum ng
device(s) (not shown) either renote fromor in close proximty to the
generator 68, 20 Referring additionally nowto FIGS. 5 & 6, a confiquration
of a fluid conduit 96 which maybe used in any of the power gener atlgr8EC 2004
~described hereinis schematically and representatively illustrated. The
conduit 96 has a helical shape. As fluid flows through a flow passage 98
extendi ng through the conduit 96, turbulence is induced in the fluid. This
turbul ence is used to increase 25 dildpl acenent of a nenber of a generator
whi ch responds to fluid flow therethrough. 30 For exanple, if the conduit

96 is i 44tindhé genetaeor godidseribdd iabovbethe gﬂ@ﬁﬁﬁicﬁ{ 136 xﬁ{;ﬁpg lReg above,
egree and resu I'n

the conduit 96 w.ll itself fle 0.a greater

i ncr eat?éﬂc@aéﬁmb&%n%dpﬁh? fﬂ‘-\léﬂt@t"ﬁﬁg thechambentseri al 18, due to

i ncreased pressure fluctuations in the flow passage 98. |If the conduit 96

i s substitNed thar théeondpituiloo2mayn be hmade nefr at mat%aﬁe@@re'm?ﬁpove (in
I

th R 1 SRR e Rl oS, Dok, Brevides enbiiseast fesind of the ori al 30
i s5at teapHedt) dué N6 rmesadePleasHtiont tetdat 'f&nqxosé gerﬁﬁgdi%gg PRESaRE 98 will
| NCre g IE

result in increased flexing of the portion 34 an I cal
out putSeBEratpEs gessribed dwreincimuthéch alectral phwehés protlied Pbrdsponsalst i t ut ed

for t ' ' :he generator 40 described above (in ich case 5 the
GROGES Huft ol

condui 1 _ e provided with the openings 58, 60 and plug 62 for _
flow gt At ufnPe RFerPaipcinsstitie s thy isboBsermanismal gt of xdmmber 52
o TR SR R BRSO S A SV 2
conduiSENgReE ast psovidedeonlyoro ilhestrate the large variety of such methods of
increasing turbulence, and any other means of increasing turbulence in fluid flow
may be utilized, without departing from the principles of the present invention.
For example, it is not necessary for helical shapes to be used, since fluid conduits
could instead be corrugated internally and/or externally, have other types of
15  recesses and/or protrusions formed internally and/or externally thereon, ete. to
increase turbulence in fluid flow.

Referring additionally now to FIG. g9, another power generator 108
embodying principles of the present invention is representatively and
schematically illustrated. In FIG. g, the generator 108 is depicted interconnected

20 in a tubular string 110 positioned in a subterranean well. The generator 108

includes members 112 which extend inwardly into a flow passage 114 formed
through a fluid conduit 116.

Note that the members 112 extend generally transversely to the direction
of fluid flow through the flow passage 114. It will be readily appreciated that the
25 members 112 will vibrate as fluid flows through the flow passage 114 and across
the members. To increase the vibration of the members 112, protrusions 118 may
be provided in the flow passage upstream of the members to induce turbulence in
the fluid flowing thereacross. Of course, any other means of inducing turbulence
in the fluid flowing across the members 112 may be utilized, without departing
30  from the principles of the present invention.

Piezoelectric material 120 is disposed between each of the members 112
and the conduit 116 in recesses 122 formed internally on the conduit. The



1o conduit 78 in the generator 68 described above (in which case the

conduit 96 would be provided with the opening 74 for conmunication with

t he chanber 72), then increased turbulence in the fluid flow ng throu%h

the flow passage 98 will result in increased vibration of the chahbditl 7204

~thereby causing increased electrical output of the various piezoelectric
materials 86, 88, 90, 94. 15 Note thatl2he conduit 96 may be nmade of a

material, for exanple, titanium or a conposite naterial, etc., which

provi despizabeleckric Dhateriad 100 gupporisnthe methiserst 0 opinepssition fleligivwald gas

t herein, fqﬁ.£hqge nbodi mept s of _power, generators _described herein in
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conduit.; i; b Ly n : .gnat hetr. .

conf i gurg%%g?egﬁbgh?ﬁw g C%%(r?gﬁall Po%mk?%@e%néeﬁﬁ%ﬁ? AR08 10 B8 power
gener at oglectticad bubpat fronethe piegodledticendteriadl ence in fluid flowis
representatively and schematically illustrated. The conduit 100 has a flow .

passage 102 exhenstomehdidies Qig‘,r@f'ﬁf&irea%in PEER e %ﬂ $hé ﬂhﬁ@%o%& Rphdsy on

the conduit | oo _and extends helically therein 25 (the recess m ng part
of the fihgwmpriebarfe 1102 ncreaseshabe tdisplacementi of ithelumembiens dridiitHefdbyw

t hrough the flo e.. In simi,l af, manner.to.that, descri bed above for
the conddd e@@?%ﬁ:ég%%ccﬁé’aggﬁ%cﬁa‘m gquqe}e}r;gn@ Ir%%eﬁ‘égéaﬁe Ligss dzdsed by
the hel i gduceades elbfriciey tobgn usedricsl pPBWepasshRingeh' | m any
of the power generators described 3o, he?ei n. Additiogaiigﬁ%:egﬁgpg%lr?%lﬁt Zoo
i ncl udeseitheragmotgdromr et indpssprossnityteke ghnerater 168.t her eon, which may be
used to increase turbulence in fluid flowing external to the conduit ioo.
For 1exanpl e, Reéferhimgcedditionallyo now tabElG.t abedariathet lppwids BEGr0H 12611 5
conaui t inbyi® SRASERST of uleSHdkBSY AR " Rlpriuital ey SuT™Y Pe
schematically illustrated. = The generator 126 is depicted in FIG. 10
interconnected in a tubular string 128 positioned in a subterranean well. The
generator 126 includes a fluid conduit 130 having a flow passage 132 extending
15 therethrough and a member 134 having an orifice 136 formed therethrough.

Fluid flowing through the flow passage 132 also flows through the orifice 136.

The member 134 is reciprocably disposed in the flow passage 132. It will

be readily appreciated that, as fluid flows through the orifice 136, the member 134

will vibrate relative to the conduit 130. This displacement of the member 134 is

20  used to induce strain in a piezoelectric material 138 positioned between a radially

enlarged portion 140 of the member and the conduit 130 in a recess 142 formed
internally on the conduit.

Protrusions 144 extend into the flow passage 132 upstream of the orifice

136, in order to induce turbulence in the fluid flowing through the orifice. It will

25  be readily appreciated that this increase in turbulence caused by the protrusions
144 will increase the displacement of the member 134 due to the fluid flow
through the orifice 136, thereby increasing the strain induced in the piezoelectric
material 138 and increasing the electrical output of the piezoelectric material.

The electricity produced by the piezoelectric material 138 is conducted to an

30 electrical power consuming device {(not shown) either remote from or in close

proximity to the generator 126 by lines 146.



to increase turbulence in the fluid flow ng through the chanber 52. Note
"that the conduit zoo nay be made of a material, for exanple, titaniumor a
conposite material, etc., which provides enhanced flexure of the conduit
due to pressureifluctuations therein, for those enbodi ments of powdh DEC 2004
generators described herein in which electrical power is produced in’
response to flexure of a fluid conduiig-It is to be clearly understood
that the above exanples of conduits 96, 100 which are shaped to increase

t ur bul ence i n JHdfeiréhd | it | e.po L.Qgenerator are prqvided
only to illustrate t%eﬂﬁéﬁlggﬂ aﬁﬁ%ﬁ’fwgfﬁ’ rf%?ﬁ%%g% Ve ﬁ@"e@é‘%d‘*g
t ur bul enembaghyingnprismcipdes nefinthof preseneasnvention big demtdtwdlf Bhaw may

be utilized .t hout. d rii fromthe principles of the present
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wel | . Thidirgegbihe dowipsssagecl udes menbers 112 which extend inwardly into a
fl ow passage 114 fornmed through a fluid conduit 116. Note that the nenbers

112 extend geTheahemberagévisrsimeiwn 10 FIGe 1diases kpBere, Bt fit 64 ¢ fb'eoég/eérgirgugh
the fl ow ss&gﬁﬁaﬂf. | t ¥\l/| | I, be reg&ily appreclated that the 2 ers
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56 displace in response thereto. Displacement of the member 156 may be

used to produce electricity in the generator 148 in various manners.

15 For example, other than being retained in the flow passage 154 by the
retainers 158, the member 156 may be free to displace in any direction within the
flow passage. In that case, the member 156 will periodically contact the retainers
158 and cause some displacement of the retainers. Piezoelectric material 160
positioned between the retainers 158 and the fluid conduit 152 in recesses 162

20 formed internally in the conduit is strained by the displacement of the retainers
and produces electricity in response thereto. The piezoelectric material 160 may
encircle each end of the retainers 158 as depicted in FIG. 11 and may support the
retainers 158in position relative to the conduit 152.

As another example of a manner in which displacement of the member 156

25 may be used to produce electricity in the generator 148, the member 156 may be
supported in position relative to the conduit 152 by piezoelectric material 164
positioned between the member and the conduit. In that case, the member 156 is

not completely free to move in the flow passage 154, but instead vibrates in
response to fluid flowing through the passage. This vibration of the member 156

30 induces strain in the piezoelectric material 164 and the piezoelectric material

produces electricity in response thereto.



in the fluid flow ng across the nenbers 112 may be utilized, w thout
departing 30 fromthe principles of the present invention. Piezoelectric
material . 120 is di sposed between each of the menbers 112 and the dJ&ngRgi 954
116 in recesses 122 fornmed internally on the conduit. The 1 5 DEC 2004 -12 -
pi ezoel ectric material 120 supports the nenbers 112 in position relative to
the conduit 116 and may encircle eachifenber, so that di spl acenent of the
menber in any direction induces strain in the piezoelectric material,

res ;u ting in dANE& 166t pros8 ccumc%mbﬂfeoalecnécipjtz qmo:lhegdd qyfﬂ@mj@1ectﬁc TPﬁ
rotrusi . | I S| N ur ence, 1 N e ul W n acCr oss e
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[ ncrease@rﬁﬁel(gbngﬁdrﬁityyo PO Qtd}ynﬁghe pi ezoel ectric material 120. Lines
124 conduct the electricity To an electrical power consum ng device (not

shown) eithe ' e Xjm the generator 108.
Referring addﬁ#onai?yéqlcggvbﬁé)ﬂ){:wg@ Pg{r;}gt#;r 5%%% B%Wg? HHEraeg 170
enbodyi ngmivadying| sinzipleie opr dsenpréseventihoention I &Pr AgRetaithMeby anh
schematically ill Sﬁ-‘[‘-\??t ed. Th]fle enerator 126 is depicted in FIG ™10
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t hr ough theglorifi%e 1§Af6. T(ge rrs_g]er 134 is reciprocably disposed in the
fl ow pas@Bg@al §avity i7qformedyinterngdly thepeiBr eci ated that, as fluid flows

t hrough the orifice 136, the nmenber 134 wll vibrate relative to the
cond@ t 130. Fhrelagively shianeanersilyt tidbwlentreemigane s180 separhtts thadflow
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formed passage. It will be readily appreciated that as pressure fluctuations are

experienced in the flow passage 176, such as, due to fluid flowing through the

flow passage 176, the membrane 180 will flex in response to the pressure
15 fluctuations. Flexing of the membrane 180 induces strain in a piezoelectric

material 182 disposed in the cavity 178. The piezoelectric material 182 may be

annular shaped and may outwardly surround.the membrane 180 as depicted in

FIG. 12. However, it is o be clearly understood that the membrane 180, cavity

178 and piezoelectric material 182 may be shaped other than as depicted in FIG.
20 12, without departing from the principles of the present invention. |

The membrane 180 of the generator 170 sealingly isolates the cavity 178
from the flow passage 176. Seals 184 may be provided at each end of the
membrane 180 for sealing between the membrane 180 and the conduit 174, or
this sealing may be provided by other means. Preferably, the cavity 178 is at

25 atmospheric pressure to enhance the displacement of the membrane 180 in

response to pressure in the flow passage 176.

Strain induced in the piezoelectric material 182 due to the flexing of the
membrane 180 causes the piezoelectric material to produce electricity. The
electricity is conducted by lines 186 to an electrical power consuming device (not

30  shown) either remote from or in close proximity to the generator 170.

Of course, a person skilled in the art would, upon a careful consideration

of the above description of representative embodiments of the invention, readily



internally on the conduit. Protrusions 144 extend into the fl ow passage 132
upstreamof the orifice 136, in order to induce turbulence in the fluid

flowng through the orifice. It will 25 be readily appreciated that this
increase in turbul ence caused by the protrusions 144 will increase 19$ECZW4
di spl acenent of the nenber 134 due to the fluid flow through the orifice

136, thereby increasing the strain ianQed in the piezoelectric naterial
138 and increasing the electrical output of the piezoelectric material.
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Referring additionally now to FI 11, another power gener
embodyi §gnpEmBlated day dhet peinpiplesenf thev pnesent inventipnes eidcardirely; &
schematiccal |y ibLlustrated. The.generator 148 is depicted in Fl 11

i nter coﬁﬁlzeepé})g d?@ﬁgdﬁ?ﬁgﬂgﬁm&ﬁoﬁ[@e @Qéﬂﬁb@%ﬁ%ﬁ@ ap REHIEEIvER byavasast wel | .
The gengateitidd 8nd dxBd bikitcAney ' e 154
exté%ding_therethrouq? Ig%gﬁgeﬁ%%gg§115 ﬁ#&%ﬁgégg&%bgﬁgqF&%@ﬁégggﬁgg. Two
r et ai netisnitgBsqlebikinthe appendediskainiss from di spl aci ng out of the flow
passage 154 when fluid is flowed through the flow passage. The nenber 156
is showmn in FIG il as a sphere, but it is to be clearly 1o understood
that an ot herw se-shaped nmenber could be used in the generator 148,

Wi t hout departing fromthe principles of the present invention. It wll be
readily appreciated that, as fluid flows through the fl ow passage 154, the
menber 1,56 will displace in response thereto. D splacenent of the nenber
156 may be wused to produce electricity in the generator 148 in various

manners. 15 For exanple, other than being retained in the fl ow passage 154
by the




retainers 158, the nenber 156 may be free to displace in any direction
- wthin the flow passage. In that case, the nenber 156 will periodically
.contact the retainers 158 and cause sone displacenent of the retainers.
Pi ezoel ectric material. rho positioned between the retainers 158 ap§ JEhegp
fluid conduit 152 in recesses 162 20 forned internally in the conduit is
strained by the displacenent of the retainers and produces electricity in
response thereto. The piezoelectric matqgrial 160 may encircle each end of
the retainers 158 as depicted in FIG 11 and nay support the retainers
158-in position relative to the conduit 152. As another exanple of a manner
in which displ acersTt1o€LAgEDERber 156 25 may be used to produce
electricity in the generator 148, the nmenber 156 may be supported in
position relative to the conduit 152 by piezoelectric material 164
positi oned between the nenber and the conduit. In that case, the nenber 156

is not conpl eiel Vi fr?e to Hove in the flow passage 154, but instead
vibrates in reéspoisEGGTER P@\ﬂf’%\ﬂieﬁ@r?lé%lﬁgﬁ UsRelNpeS B HYECLI M Withi ®r at i on

of e moniagpcd60:R0] BMCeRe Yot A1bP LG ALGpel ectric materal 164 and

t he piezoelectric materia uces electtiCity in response thereto. 15

DEC 1005 - 14 .Li aetuitictonduka®roogdeed fohelcal egtiie teitadgoes. ?Mdt he
pi ezoel ectric material 160 or 164 to a power consumnmi ng device (not shown)
either renote fRonPISEPEIRCIEICosENPiesialm AtLacbethetgertéeat oontidst, Referring

or i nci pi es P2 g EuEtareia, BRBhUEnG SEh BRI A  Rsmicfisenth ThieReni 1 cal 1 y

i1l ustrat egdy,cthsti@pReA AR cdrfQuits depicted in FIG 12 interconnected in a
~tubular string 172 positioned In'"a subterranean well. The generator 170

includes a fluid corthe flul@4cdradisitgireclfitiow passdgeed 76hiexh endibrgtidher ei n
and an _annpular cavity 178 forned internally therein.
10 tnereof, the "piezoelectric material belng attached proximate the

reduced thickness portion.

2. The generator according to Claim 1, wherein the reduced
thickness portion has an increased degree of flexing in response to
15 the pressure ftuctuations in the conduit than does the remazinder of
the conduit.
e 3. An electrical power generator for use in conjunction with a
subterranean well, the generator comprising:
- 20 a fluid conduit configured for flow of fluid therethrough: and
a piezoelectric material attached to the conduit, the
piezoelectric material producing electricity in response to pressure
fluctuations in the conduit,
the piezoelectric material being attached to an external
25  surface of the fluid conduit.




10 Arelatively thin generally tubular menbrane 180 separates the flow
passage 176 fromthe cavity 178 while still permtting fluid flow through
.the flow passage. It will be readily appreciated that as pressure
fluctuations are experienced in the flow passage 3-76, such as, % @%
fluid flowing through the flow passage 176, the nenbrane 180 mnII]fI 1084
response to the pressure 15 fluctuations FIeX|ng of the nenbrane 180
i nduces strain in a piezoelectric q; 182 di sposed in the cavity 178.
nnul

The piezoelectric material 182 may be ar shaped and nmay outwardly
surround. the nenbrane 180 as depicted in FIG 12. However, it is to be
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departing fo@rekihdd pedipltas @indhmeopresantisisivention. The nenbrane 180 of
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the generator 170 sealingly i'sol at es the cavi ty 178 fromthe flow passage
176. Seal s 184 @efyuisecpnouitdeshfaguead Foerftbwfoftfieid treatetareug®o sher seal i ng
bet ween the menbrane 180 and the conduit 174, or this sealing may be

provi ded by ot hér RELPEICETE eraplisyiak P'ét@&@leﬁy 178 the arcopst Wt nolpheri c
18
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material 18Rcdustiomstihecfd eshpagitof the nenbrane 180 causes the
pi ezoel ectric material to produce electricity. The electricity is

conducted by lines |18‘69tﬂua@1 ebactuit chleim@wshapeds wa nhatevitcénoogs 30
shown) eit r enot e in close proximty to the generator 170. O
cour se, E%F%‘d'ﬁ% iy éHra ﬁ'%éhgmwg& upon a careful consideration of
t he above description of representative enbodi nents of the invention,

“feadily -15 DEC 2004 -15 5 appreciate that many nodifications, additions,
* substit@tions, Sddehat eleusricandootdregenerator for use in conjunction with a

subterranean well, the generator comprising:
a fluid conduit configured for flow of fluid therethrough: and
a piezoelectric material attached to the conduit, the
piezoelectric material producing electricity in response to pressure
15 fluctuations in the conduit,
the fluid conduit being helically shaped.

6. An electrical power generater for use in conjunction with a
p— subterranean well, the generator comprising:
20 a fluid conduit configured for flow of fluid therethrough; and
a piezoelectric material a.ttached tc the conduit, the
piezoelectric material progducing electricity in response to pressure
fluctuations in the conduit,
the fluid conduit having a recess internally formed
25 thereon, the recess inducing turbulence in fluid flow through the
fluid conduit. | |

/. The generator according to Claim 6, wherein the recess

extends generally helically on the fiuid conduit.



changes may be nmade to the specific enbodi nents, and such changes are
contenpl ated by the principles of the present invention. Accordingly, the
.foregoing detailed description is to be clearly understood as being given
by way of illustration and exanple only, the spirit and scope of e[ 2004
present invention being limted solely by the appended clains. 15 DEC 2004
-16 WVHAT IS CLAIMED I'S: 11 1. An electrical power generator for use in
conjunction with a subterranean well, idhe generator conprising: 5 a fluid
conduit configured for flow of fluid therethrough; and a piezoel ectric
material attached to the conduit, the piezoelectric material producing
electricity in rgs i @FRM I i I it,. e fluid
condui t includiég ggpggﬁggggghick%ggghggggﬁgﬁbpgseﬁﬁé%ﬂﬁPﬁepﬁﬁ{h““%%

pi ezoel ect il teat@reat vioei rincatere hed rppcoxibeiggt he  reduced thi ckness
portion. 2. The generator according to Claiml1 , wherein the reduced

t hi ckness porti énflwasCandihcFeasiedraddiosd|ow ¢f Bxichghenettesnaisearted 15 the

pressure fluctuati i 2 CQ it _thap does the remainder of the
conduit. 3. An Ie@[%dcé;ie&ﬂg r'%gg‘%]ré?;at BFtalcg]reuuséOi Nt njAAEiEn Weh a
subt er ranegnesgtlocttibenggeerat | SlePgri 140 | | uj i gured
for flow o?ﬁfl ui d thler et hr ough@oan aépiéllgggrelflégtlﬁi E:é%%%ogg gﬁ?é@ﬂéd to

t he condui fluathetigpisdrnodteconiduitat eri al producing electricity in response

to pressure ) _ _
the conduit being made of a titanium material.

9. An electrical power generator for use in conjunction with a
10 subterranean well, the generator comprising:
a fluid conduit configured for flow of fiuid therethrough: and
a piezoelectric material attached to the conduit, the
piezoelectric material producing electricity in response to pressure
fluctuations in the conduit,

15 7 the conduit being made of a composite material.

10. A method of producing power in a subterranean well the
method comprising the steps of:

L

_— attaching a piezoelectric material to a fluid conduit:
20 interconnecting the fiuid conduit in a tubular string;
positioning the tubular string in the well: and
ﬂoWing flutd through the fluid conduit, the piezoeiectric
material producing 'electricity in response to the flowing of fluid
through the conduit,
25 the attaching step further comprising attaching the
piezoelectric material externally to the fiuid conduit.



fluctuations in the conduit, the piezoelectric material being attached to
an external 25 surface of the fluid conduit, 15 DEC 2004 -17 4. An

.el ectrical power generator for use in conjunction with a subterranean all,
the generator conprising; a fluid conduit configured for flow of fluDEC 2004
t her et hrough; and a piezoelectric material attached to the conduit, the 5
pi ezoel ectric material producing electricity in response to pressure
fluctuations in the conduit, the fluid.egnduit being shaped so that it

i nduces turbulence in fluid flow therethrough. 10 5. An el ectrical power
generator for use in conjunction with a subterranean well, the generator

conprising: a flfui ch costhibt! sopFbaucesy fmswekaw SkubkeiGrdaer aidr qugh; and
a piezoelectric material attached to the conduit, the piezoelectric
materi al priE@EEOHC@METIF NIty $teNsedonse to pressure 15 fluctuations in

the conduit, the i.d conduit being helically shaped. 6. An electrical

power gener at or artgl?éﬁdgg q H'%ﬁlﬁﬁt@g%ajﬁrﬂﬁ r&ya §%8&%é‘§h wel |, the

gener at or compr ijgt@agiofcild Yhe mopdy) | fdpw of fluid

t her et hrough; and a pi ezoe{ edctrlec mat er’?%p&gh%gggg%rg’rt{l 'conduit, the

pi ezoel Bectric nynamitiahinpy odecubgi®t soing 6N tthel wernegpgnse to pressure

fluctuations in.the conduit, the fluid conduit having a recess internally

f or med flowing fluid through the fiuid conduit, the piezoeiectric
material producing electricity in response to the flowing of fluid
through the conduit,

_______ the attaching step further comprising attaching the

10 piezoelectric material to a reduced thickness portion of the fiuid
conduit. ‘

12. Tthe method according to Claim 11, wherein in the flowing

fluid step, the reduced thickness portion flexes in response to the

15 fluid fiowing through the conduit greater than that of the
remainder of the fluid conduit. |

13. A method of producing power in a subterranean well, the
L method comprising the steps of:
| 20 attaching a piezoelectric material to a fluid conduit;
interconnecting the fluid conduit in a tubular string;
poéitioning the tubular string in the well; and
flowing fluid through the fluid conduit, thel piezoelectric
material producing eiectricity in response to the flowing of fluid
25 through the conduit,
the flowing step further comprising inducing
turbulence in the fluid flowing through the fluid conduit.



25 thereon, the recess inducing turbulence in fluid flow through the fluid
conduit. 7. The generator according to Caim&6, wherein the recess extends
.generally helically on the fluid conduit. 15 DEC 2004 18 8. An eIepgngq“¢
power generator for use in conjunction with a subterranean well, the
generator conprising: a fluid conduit configured for flow of fluid

t heret hrough; and a piezoelectric nmaterial attached to the conduit, the 5
pi ezoel ectric material producing elect[é&jty in response to pressure
fluctuations in the conduit, the conduit being nmade of a titaniummaterial.
9. An electrical power generator for use in conjunction with a 10

subt erranean A, BRITeN i Shngiia 4 W i figured for
fl ow of quidmﬁﬁ%reEﬂsough;C§%gtgégggg%gpeg?Pﬁcy%;?£$?§pggb%a@ﬁg§hﬁ t he
condui t, tHerbpieazoelsepr Fertrmdrecoahp pisedutianinel god i Gidt Y onHifiespoase to
pressure fluctuations in the conduit, 15 the conduit being nade of a
conposi t e FAEBNEAIINCILRSINOBRodeBEE phodif Fivgd fEwind nhaosgbt B1e dhedn
well," the gﬁ#ﬁgd conprising the steps of: attaching a piezoelectric
material t&° id conduit; 20 interconnecting the fluid conduit in a
tubul arcstring; positioning the tubular string in the well, and flow ng
fluid t%rough the fluid conduit, the piezoelectric material producing

electricity in T®sponsertarhidue attondimgy ab €laiind 14, wherein the shaping
step further comprises helically forming the fluid conduit.

16. The method according to Claim 14, wherein the shaping
4 10 step further comprises forming a recess internally on the fluid
conduit. '

17. The method according to Claim 16, wherein the forming
step further comprises focrming the recess helically on the fiuid
15 conduit. '



t hrough the conduit, 25 the attaching step further conprising attaching the

" piezoelectric material externally to the fluid conduit. 15 DEC 2004 -19 11.

A method of producing power in a subterranean well, the nmethod cormrd' Si n&
t

the steps of: attaching a piezoelectric material to a fluid condui EC 20
interconnecting the fluid conduit in a tubular string; 5 positioning the
tubular string in the well; and flowng fluid through the fluid conduit,

t he piezoelectric material producing e@ﬁctricity in response to the
flowng of fluid through the conduit, the attaching step further
conprising attaching the 10 piezoelectric material to a reduced thickness

portion of the fiBui dn erreuich p3wekhcrBE I | m 11, wherein
inthe flowing fluid step, th% redlr%eedtﬂ?gkf?gggegé‘rg?'r&@rﬁtwﬁ#ﬁa
response toStiheerrentboiwefl| ové nghehatougtotireigegdui t greater than that of
the renminder of the fluid conduit. 13. A method of producing power in a

subt erranean wel 3" OUS8T NAMSHYE conprising the steps of: 20 attaching a

pi ezoel ectric i al fluid.condujt; .interconnecting the fluid
conduit in a tH%{Jﬁiéﬁggle&mcabgkégi'w(?ﬁﬁ%@é'?ﬂé/et%m%POétsr‘filgig in the well,
and flow ng fl uigdpidycRugheridhgderiLl duit, the piezoelectric material
producing electricity in response to the flowng of fluid

a bias member positioned between the mass and the
piezoelectric material,

plressure ﬂuctuatibns in the housing causing the mass to
- displace and thereby induce strain in the piezoelectric material via
o 10 the bias member.

19. The generator according to Claim 18, wherein the pressure
fluctuations are due to fluid flowing through the housing.

15 20. The generator according to Claimi18, further comprising a
fluid conduit extending in the outer housing, the mass, bias member
and piezoelectric material being externally positioned relative to the

fluid conduit.

20 21. The generator according to Cizim 20, wherein the mass,
bias member and piezoelectric material are disposed in a chamber
formed between the fluid concuit and the guter housing.

22. The generator according to Claim 20, wherein the fluid
25 conduit is piugged, fluid flow therethrough being bypassed to 3
chamber formed between the outer housing and the fluid concuit.



25 through the conduit, the flow ng step further conprising inducing
turbulence in the fluid flowing through the fluid conduit. 15 DEC 2004 -20
. 14. The nethod according to Caim 13, wherein the inducing turbulence step
further conprises shaping the fluid conduit in 51 manner increasing DEC 2004
turbulence in the fluid flowng through the fluid conduit. 15. The nethod
according to Claim 14, wherein the shaping step further conprises
helically formng the fluid conduit. 165 The nmethod according to Caim 14,
wherein the shaping 10 step further conprises formng a recess internally
on the fluid conduit. 17. The method according to C aim 16, wherein the

formng step Q&_thﬁﬁe%@wg'@@s tep S I et fluid
15 conduit. 15 DEC 2004 -21 ] aAn g(}”eﬂggtﬁd?gsai ]%ggﬁér\bﬁéﬁgﬁa% 3_(;}18?0 (ﬂﬁge in

conj unct i orflwict torduubiseosaneant iviel the ttheEegemensihar irenEd SirdileaRe out er
housi ng; a ?s recY\ProcabI¥ di s&gsed relative to the housing; 5 a

pi ezoel ect A ¢ e e waihr ENgif de dreiydieit positi oned between the mass and
the piezoelectric material, pressure fluctuations in the housing causing
the mass to

5 24. The generator according to Claim 23, wherein the fluid
conduit shape is helical.

25. The generator according to Claim 23, wherein the fluid
co_nduit shape includes a recess formed on the fluid conduit, |

26. The generator according to Claim 25, wherein the recess
extends helically on the fluid conduit.

27. The generator according to Claim 23, wherein the fluid
15 conduit shape includes a protrusion formed on the fluid conduit.

28. The generator according to Claim 27, wherein the
protrusion extends helically on the fluid conduit.

20 29. The generator according to Claim 18, wherein fluid flowing
through the outer housing 2lso flows through a fluid conduit

disposed Within the outer housing.

30. The generator according to Claim 29, further comprising a

25  fiow restriction in the fluid conduit, the flow restriction forcing at

least a portion of the fluid flowing through the fluid conduit to flow
between the fluid conduit and the outer housing.

31. The generator according to Claim 30, wherein the flow
restriction prevents fluid flow directly through the fluid conduit.



di spl ace and thereby induce strain in the piezoelectric material via 10
the bias nmenber. 19. The generator according to Caim 18, wherein the
‘pressure fluctuations are due to fluid flow ng through the housi ngfha 5 _20.

The generator according to Claim18, further conprising a fluid cl i 2004
extending in the outer housing, the mass, bias nenber and piezoelectric
materi al being externally positioned relative to the fluid conduit. 20 21.
The generator according to Caim 20, whgzein the nmass, bias nenber and
pi ezoel ectric material are disposed in a chanber forned between the fluid

condui t and t he3@ut ar et def @22 dIteggeoerat ior a 80eee tigred4ro vidiaitRe20,
wherein the fluid 25 conduit is plugged, fluid flow therethrough being
bypassed t én&tbpantemMpisimedtivesi@En0t:he outer housing and the fluid

conduit. 15 DEC.2004 -22 23. The «tane at or accordi n(1:; to Claim 18, wherein a
shape of a fl ui'd"d&HaUiC '{‘8@&@8 %Rpﬁ'rﬁhg‘ BUHEMHUEINY i nduces

turbul ence in fJ44; [ ﬂltﬂﬂ : i i 4 | ner at or
according to d g%@%h@%&bgn t 3%?@%‘"@9&%@%&%@%& y%@ﬁﬁl . 25. The
generat®r accor diowiri® Uil rh28ughhenei outbe Howdidg, aerdsbl, shapeg acl udes

a recess formed on the fluid conduit. i0 26. The generator according to
Clai m 25, Wi iP t FHESRIBERsVILEKT el HWIUGAD! yargh tHBude ubttradondui 8. 27.

The generab?ézggl%%ﬁ:ﬂicngnéfer%la{/@ %3bi§/¥1%§}nnbetrh%ofs,tlljcijrqed between the

mass and the piezoelectric material.

! 10 33. The method according to Claim 32, wherein the flowing
fluid step further comprises flowing fluid through a fluid conduit
extending in the outer housing, the mass, bias member and
piezoelectric material being externally positioned relative to the
fluid conauit.

15
34. The method according to Claim 33, wherein in the flowing
fluid step, the mass, hias member and piezoelectric material are
disposed in a chamber formed between the fluid conduit and the
e outer housing.
20

35. The method according to Claim 33, wherein in the flowing
fluid step, the fluid conduit is plugged, fluid Flow therethrough
being bypassed to a chamber formed between the outer housing
and the fiuid conduit. |

N
wn

36. The method according to Claim 32, wherein in the flowing
fluigd step, a shape of a fluid conduit disposed within the outer

housing induces turbulence in fluid flow therethrough.



15 conduit shape includes a protrusion forned on the fluid conduit. 28. The
generator according to Caim?27, wherein the protrusion extends helically
.on the fluid conduit. 20 29. The generator according to Caim18, wherein
fluid flowng through the outer housing also flows through a f 1 ui 3R
di sposed within the outer housing. 30. The generator according to C aim 29,
further conprising a 25 flow restriction in the fluid conduit, the flow
restriction forcing at |least a portion-pfi-the fluid flow ng through the
fluid conduit to flow between the fluid conduit and the outer housing. 31.
The generator according to Claim30, wherein the flow restriction prevents
fluid flow dired?ly Theoowthdte ddagirdirpntiClairh 36DEG 206k 2% fRAd A

nmet hod of producing power in a subterranean well, the nethod conprising
the steps dfONGEHL d1§!kg-an outer housing in a tubular string;
positioning the tubular string in the subterranean well; and 5 fl ow ng
fluid through the outer housing, thereby causing a mnass to displace within

t he housi ng and3gnd ) N i G LadiViia ~a cpj:as
menber positioﬁ%%’bgﬁa%gﬁk?ngd %&ggrgk t eq%%ggé%ﬂgéfﬁéggﬂaggsigﬁhalo 33.
The net Bod aodwidishgpednCluades 32ecetwefiaimetihen thewiuig cdiauid. step further
conprises flowng fluid through a fluid conduit extending in the outer
housi ng, the nass, bias nenber and piezoelectric material being externally

positioned relagpve o the 5L WA GHIY fo claim 38, wherein the recess

extends helically on the fluid conduit.

16 40. The method according to Claim 36, wherein the fluid

conduit shape includes a protrusion formed on the fluid conduit.

41. The method according to Claim40, wherein the protrusion
extends helically on the fluid conduit.
15 |
42. The method according to Claim 32, wherein in the flowing
fluid step, the fluid flowing through the outer housing also flows
throughafhﬂdcondmtdsposajmﬁﬂﬂntheouterhouﬂng.

20 43. The method according to Claim 42, wherein in the flowing
fluid step, a flow restriction in the fluid conduit forces at least a
portion of the fluid flowing through the fluid conduit to flow

between the fluid conduit and the outer housing.

25 44. The method according to Claim 43, wherein the flow
restriction prevents fluid flow directly through the fluid conduit.



15 34. The nethod according to Claim33, whereinin the flowng fluid
step, the mass, bias nenber and piezoelectric material are disposed in a
chanber formed between the fluid conduit and the outer housing. 20 35. The
‘'met hod according to Claim33, wherein in the flowwng fluid step, ]prﬁ%[fkmd
conduit is plugged, fluid flow therethrough being bypassed to a chanbe
formed between the outer housing and the fluid conduit. 25 36. The net hod
according to Claim32, wherein in the-Ebowing fluid step, a shape of a
fluid conduit disposed within the outer housing induces turbulence in
fluid flow therethrough. 15 DEC 2094 -24 37. The nethod according to Claim

36, wherein theybl Yide€opil boapeerieriebt fat usddh dgumRLRAd vRaY di ng

to Claim36, whefein th nduit shape inc a recess forned on

the fluid cisheirtan88n Wiie ted bedeastor cimgrigng ai m 38, wherein the recess
extends helically on the fluid conduit. 10 40. The nethod according to
Cl ai m 36, wher eizhfliié cONGiLdt Ceahi@uredsitipdonnef tided thepedrrusdion f or ned on

e {108 conduLt o DR e R RECEH IR R Ty he MR8 LM Ae
5 the chamber vibrating in response to pressure fluctuations in the
fiuid conduit; and
a piezoelectric material attached to the fluid chamber, the
piezoelectric material producing electricity in response to the fluid
chamber vibration,
10 : the pressure fiuctuations in the fiuid conduit being due

to fluid flow through the fluid conduit.

46. An electrical power generator for use in conjunction with a
subterranean well, the generator comprising:
15 a fiuid conduit configured for flow of fluid therethrough;

a fiuid chamber in fluid communication with the fluid conduit, -
the chamber vibrating in response to pressure fluctuations in the
fluig conguit, and

a piezoelectric material attached to the fluid chamber, the

20 piezoelectric material producing electricity in response to the fluid
chamber vibration,
" the piezoelectric material being attached to a membrane

hounding a portion of the fiuid chamber.



42. The nethod according to Caim32, wherein in the flowng fluid step,
the fluid fl ow ng through the outer housing also flows through a fluid
conduit disposed within the outer housing. 20 43. The net hod accorgiqﬁ to
"Claim 42, whereinin the flowing fluid step, a flow restriction in3tlé 2004
fluid conduit forces at least a portion of the fluid flow ng through the
fluid conduit to flow between the fluid conduit and the outer housing. 25
44. The nethod according to Caim43, .wherein the flow restriction
prevents fluid flow directly through tRe fluid conduit. 1 5 DEC 2004 -25
45. An el ectrical power generator for use in conjunction with a
subterranean well, the generator conprising a fluid conduit configured for
flow of fluid therethrough; a fluid chanber in fluid comrunication with the

fluid conduit, 45, t chrarhel nd i i t Ur e, .
fluctuations in théjmefel ui d Céﬁ?ﬁ%@b'&ﬂ%ri{%ﬁ g@ggﬁ%?’t} r@ﬁ%ﬁ?@ﬁinawlgf fached
to the fl uisdixtieandresan thell, thicegorbedtioricormtrgim@l producing electricity in
response to the fluid chanber vibration, 10 the pressure fluctuations in
the fluid conduiaflBél Agnauet cepfigriied flordlpwhebilght therdtruiodigdondui t.  46.

ek ool PO BRRSFAAEr i LS i GRS VDo b SRR Snear
Lo £ ShE” HShne s QemResiant o prenmynl LRI TN BiG' 1 e
fluid conduit; and
a piezoelectric material attached to the fluid chamber, the
piezoelectric material producing electricity in response to the fluid
10 chamber vibration,
the fluid chamber being formed between the fluid
conduit and an outer housing outwardly circumscribing the fluid

conduit.

15 48. The generater according to Claim 47, wherein the
pilezoelectric material is attached to the outer housing.

49. An electrical power generator for use in conjunction with a
subterranean well, the generator comprising:
20 a fluid conduit configured for flow of fluid therethrough:

a fluid chamber in fluid communication with the fluid conduit,
the chamber vibrating in response to pre'ssure fluctuations in the
fluid conduit; and

a piezoelectric material attached to the fluid chamber, the

25 piezoelectric material producing electricity in response to the fluid
chamber vibration,
the piezoelectric material being attached to a

piston.



fluid conduit; and a piezoelectric material attached to the fluid chamber,
the 20 piezoelectric material producing electricity in response to the

~ fluid chanber vibration, the piezoelectric material being attached to a

menbrane bounding a portion of the fluid chamber. 15 DEC 2004 - 26 1470ECAM0}
el ectrical power generator for use in conjunction with a subterranean

wel |, the generator conprising a fluid conduit configured for flow of fluid
therethrough; 5 a fluid chanber in flupd conmunication with the fluid
conduit, the chanber vibrating in response to pressure fluctuations in the
fluid conduit; _and a piezoelectric material attached to the fluid chanber,

the piezoel ec?0i cTvetgeneratrostiniroungltectisi el 49, whererPansiteod e 1 uid
10 chanber vibration, the fluid chanber being fornmed between the fluid

condui t andisgacrrde nedaidyed oot it ycaid dinscth diaty ediudtl alivélumendui t .

15 48. The erator according to Caim47, wherein the piezoelectric

mat eri al i@’ggﬁﬁéﬁﬂgoﬂﬂ%ﬂ%ﬁé- outer housing. 49. An electrical power
generator for use in conjunction with a subterranean well, the generator
conprising: 20 a fluid conduit configured for flow of fluid therethrough; a

fluid shanber 5iln fAnetecwaIpoRtF arndrttot ker Ukaiid @aduiction then ghanber
vibrating in response to pressure fluctuations in the
subterranean well, the generator comprising:
a fluid conduit configured for flow of fluid therethrough:
a fluid chamber in fluid communication with the fluid conduit,
the chamber vibrating in response to pressure fluctuations in the
10  fiuid conduit; and
a piezoelectric material attached to the fiuid chamber, the’
piezoelectric material producing electricity in response to the fluid
chamber vibration,
the piezoelectric material being attached to the fluid

15  conduit.

52. an electrical power generator for use in conjunction with a
subterranean well, the generator comprising:
a fluid conduit configured for fiow of fluid therethrough;

20 a fiuid chamber in fluid communication with the f-luid conduit,
the chamber vibrating in response to pressure fluctuations in the
fluid conduit; and

a piezoelectric material attached 1o the fluid chamber, the
piezoelectric material producing electricity in response to the fluid

25  chamber vibration, '

~ thé fluid conduit being shaped so that it induces

turbulence in fluid flow therethrouagh.



fluid conduit; and a piezoelectric material attached to the fluid chamber,
the 25 piezoelectric material producing electricity in response to the
fluid chanber vibration, the piezoelectric material being attachaﬂﬁhg 2%4
pi ston. 15 DEC 2004 -27 50. The generator according to C ai m49, e q

the piston is displaceable relative to the fluid conduit to thereby adjust
a volunme of the fluid chanber. 5 51. An electrical power generator for use
in conjunction with a subterranean W, the generator conprising: a fluid
conduit configured for flow of fluid therethrough; a fluid chanber in fluid
comuni cation with the fluid conduit, the chanber vibrating in response to

pressure fluctg@tianseledtiitd pdfdr! 'ﬁ'eﬁa(tfb‘ﬁ“"ﬁotr?us%ng] ggﬂilﬁi@ﬁéﬁéﬂthfﬁ

material attached to the fluid chanber, the piezo

produci ng slileteiriacican welly spgeneraoct berfpusidg: chanber vibration, the
pi ezoel ectric material being attached to the fluid 15 conduit. 52. An
el ectrical powe? "HEHSORHHT figlergch feo Apwmef ifisidvintareahrsugher r anean

fluid ther ot r Guhi 930 PR el TR ra an GBI ATE 2B F AR Wt he
fluld gondui .cnarmpeshamheting b 3spBrisB f6IRASErd HRLERUR 1) Ypiyati ons
fluid conduit; and
a piezoelectric material attached to the fluid chamber, the
piezoelectric material producing electricity in response to the fluid
chamber vibration, '

N 10 the fiuid conauit being helically shaped.

54. An e!ectric_al power generator for use in conjunction with a
subterranean well, the generator comprising:
a fluid conduit configured for flow of fluid therethrough:

15 a fluid chamber in fluid communication with the fluid conduit,
the chamber vibrating in response to pressure fluctuations in the
fluid conduit; and

a piezoelectric material attached to the fluid chamber, the
piezoeglectric material producing electricity in response to the fluid

20 chamber vibration,

the fluid conduit having a recess internally formed
thereon, the recess incducing turbulence in fluid flow through the
fluid conduit.

25 55. The generator according to Claim 54, wherein the recess
extends generally helically on the fiuid conduit:



fluid conduit; and a piezoelectric material attached to the fluid chamber,
the piezoelectric material producing electricity in response to the fluid
25 chanber vibration, the fluid conduit being shaped so that it inch
turbulence in fluid flow theret hrough. 15 DEC 2004 -28 53. An el ect i@ilmm
power generator for use in conjunction with a subterranean well, the
generator conprising: a fluid conduit configured for flow of fluid

t heret hrough; a fluid chanber in flup® conmunication with the fluid
conduit, 5 the chanber vibrating in response to pressure fluctuations in
the fluid conduit; and a piezoelectric material attached to the fluid

chanber, the p6ezoelgstiod d@%g&@ﬁéyﬁgﬁg@é% 5 fér?éh&agnrw@ spgase to

the fluid chanber vibration, conduit being helically shaped.

54. An el e¢heithal aowerrigegenatgepst@s: use in conjunction with a
subterranean well, the generator conprising: a fluid conduit configured for

flow of fluid tHhetencorolgfiinas fAfH eprddhdrbeiuPriarsiridgcomruni cation with
i bratin onse to sure

R T M e et D M i R
responst to the Re 5 (RLAEAR PR Ny CBheRAE! productng electricity In
vibrating a fluid chamber in fiuid communication with the fluid

conduit in response to the flowing fluid step; and
producing electricity from a piezoelectric material in response
to the vibrating step,
10 the vibrating step further comprising vibrating 2
membrane of the fluid chamber, the piezoelectric material being

attached to the membrane.

57. A method of producing power in a subterranean weii,kthe

15  method comprising the steps of:

interconnecting a fluid conduit in a2 tubular string;

positioning the tubular string in the subterranean well;

flowing fluid through the fluid conduit;

vibrating a fluid chamber in fiuid communication with the fluid
20 conduit in response to the fiowing fiuid step; and

producing eléctricity from a piezoelectric material in response

to the vibrating siep,
the fluid chamber being formed between the fluid

conduit and an outer housing.

58. The method according to Claim 57, wherein in the
progducing electricity step, the piezoelectric material is attached to

the outer housing.



the fluid conduit having a recess internally formed thereon, the recess
I nducing turbulence in fluid flow through the fluid conduit. 25 55. The

. generator according to Caim54, wherein the recess -extends generally
helically on the fluid conduit. 15 DEC 2004 -29 56. A nethod of pr dqusHCnE]D,

power in a subterranean well, the nethod conprising the steps of:
I nterconnecting a fluid conduit in a tubular string; positioning the
tubular string in the subterranean well; 5 flowing fluid through the fluid

conduit; vibrating a fluid chanber in fA%id comunication with the fluid
conduit in respgonse to the flowing fluid step; and producing electricity
from a pi ezoel 88t riic matieod abf prodespongoweD inhee subbeatainegrstapl, the t he
vibrating step further conprising vibrating a nenbrane of the fluid
chamber, t HEERNELSI B 1S/ BIrkateFieRS Blei ng attached to the menbrane. 57. A

The ‘steps of - i A0Ereonee g SHRL AP ADREN #¥hudiTeud St ringe T

posi ti oni ng the_ﬁds%arn?ﬁthbr@dmaﬁBﬁiﬁgmgg@ﬁ%g@ﬁ%a? viéipwi ng fluid

t hrough the fluid condui vibrating a l'uid communi cation

with the fluid fROvecanéuid thnougspdrsEuia comeifit:owi ng fluid step; and
producing electricity froma piezoelectric material in response )
vibrating a fluid chamber in flutd communication with the fluid
conduit in response to the flowing fluid step: and
producing electricity from a piezoelectric material in response
to the vibrating step,
10 | in the producing electricity step, the piezoelectric
material being attached to a piston bounding a portion of the fiuid

chamber.

60. The method according to Claim 59, further comprising the
15 step of displacing the piston to thereby optimize vibration of the
fluid chamber in response to fiuid flow through the ﬂu_id conduit.

61. A method of producing power in a subterranean well, the
o~ method comprising the steps of: |
20 interconnecting a fluid conduit in a tubular string;
positioning the tubular string in the subterranean well;
flowing fluid through the fluid conduit;
vibrating a fluid chamber in fluid communication with the fluid
conduit in response to the flowing fluid step; and
25 produc]ng electricity from a piezoelectric material in response
to the vibrating step,
in the producing electricity step, the piezoelectric

material being attached to the fluid conduit.



to the vibrating step, the fluid chanber being fornmed between the fluid
conduit and an outer housing. 25 58. The nethod according to C aim57,
.wherein in the producing electricity step, the piezoelectric material is
attached to the outer housing. 15 DEC 2004 30 59. A method of prlddli a@gi
power in a subterranean well, the nethod conprising the steps of:
interconnecting a fluid conduit in a tubular string;, positioning the
tubular string in the subterranean wel 815 flowing fluid through the fluid
conduit; vibrating a fluid chanber in fluid communication with the fluid
conduit in resgﬁgse to the flowng fluid step; and producing electricity
froma piezoel €&t rif Matieddabf pnodespumsEwep ibhe subbeatnegnsthen), the in the
producing electricity step, the piezoelectric material being attached to a
pi st on bourfHiEkg o4 Rrénngrthend esw®d  chanber. 60. The nethod according

o m S B 24 U e PR Bl o RLEg e Prston o,
SUbt orr anean wel T pe G L Ry Bt e A P B Be o connect i ng
a fluid5sconduit flowang @ilbid ghrstighngie fluid conduit;
vibrating a fluid chamber in fluid communication with the fluid
conduit in response to the flowing fluid step; and
producing electricity from a piezoelectric material in response'
to the vibrating step,
10 the flowing step further comprising inducing

turbulence in the fluid flowing through the fluid conduit.

63. The method according to Claim 62, wherein the inducing
turbuience step further comprises shaping the fiuid conduit in a
15 manner increasing turbulence in the fluid flowing through the fluid

conduit.

64. The method according to Claim 63, wherein the shaping
_ ‘step further comprises helically forming the fluid conduit.
- 20 ‘

65. The method according to Claim 63, wherein the shaping
step further comprises forming a recess internally on the fluid
conduit.

25 66. The method according to.Claim 65, wherein the forming

step further comprises forming the recess helically on the fluid

conduit.



positioning the tubular string in the subterranean well; flowng fluid
through the fluid conduit; vibrating a fluid chanber in fluid comunication
~with the fluid conduit in response to the flowing fluid step; and 25
producing electricity froma piezoelectric material in response td5ME 2004
vibrating step, in the producing electricity step, the piezoelectric
materi al being attached to the fluid conduit. 15 DEC 2004 -31 62. A nethod
of produci ng power in a subterranean W%E[, the method conprising the steps
in

of : interconnecting a fluid conduit tubul ar string; positioning the
tubular string in the subterranean well; 5 flowing fluid through the fluid

condui t; vibragiyng i i i i i i he fluid
conduit in regﬁghsé{ﬁt %’#Egcﬁrgw ngr ?Eﬁlbtélﬂstﬂ-epf; Q)#d'@?@@ggp%bgl mﬁci ty
froma pi ezaeltestarigarplesy itAk deneraREMINpIRiidie Vi brating step, 10 the
flow ng step further conprising inducing turbulence in the fluid flow ng
t hrough the fluBdfaofddiand@s. MEvéNgreBhdtDwic asdigg for Chlaivm 62, fiier ei n

t he inducinﬁ turbul ence step further conprises shaping the fluid conduit
in a 15 mabREFEYHAYESI ng turbul ence inthe fluid flow ng through the fluid

condults ob. . 108, FRERMLEEREAAGa! iy 3 e Souhsts e R ger ot o0
vibrating in response to fluid flow through the fluid conduit; and
a piezoelectric material producing electricity in response to
vibration of the member,
the member extending generally transversely relative to

10 the flow passage.

68. An electrical power generator for use in conjunction with a
subterranean well, the generator comprising:
a .ﬂuid conduit having a flow passage for flow of fluid
15 therethrough, |
a member extending into the flow passage, the member
vibrating in response to fluid flow through the fluid conduit; and
a piezoelectric material producing electricity in response to
vibration of the member,
20 the piezoetectric material supporting the member
in position relative to the fluid conduit.

69. The generator according to Claim 68, wherein the
piezoelectric material encirc!e.s the member.
25 , :
70. The generator according to Claim 68, wherein the member

extends into a recess formed internally on the fluid conduit.



20 65. The nmethod according to claim63, wherein the shaping step further
conprises formng a recess internally on the fluid conduit. 25 66. The
nmet hod according to Claim®65, wherein the formng step further cogEri ses

"forming the recess helically on the fluid conduit. 15 DEC 2004 -3b5®6%C 2804
el ectrical power generator for use in conjunction with a subterranean
wel |, the generator conprising: a fluid conduit having a fl ow passage for
flow of fluid thereth rough; 5 a nenbegr. extending into the flow passage,
the menber vibrating in response to fluid flow through the fluid conduit;
and a piezoelectric material producing electricity in response to

vibration of thg{mentyers gbaerBIIErac NGl NGOIRNSHA! 10t [HANSEERSEhY

relative to 10 the flow passage. 68. An electrical powér generator for use
i n conj unctpiepowiadiria maabtiet isansawsed in, tHd eegesten atweenomy rsémera 1 ui d
conduit having a flow passage for flow of fluid 15 therethrough; a nenber
ext endi ng iAMbARdIYIddRHAddage, the nenber vibrating in response to fluid
flow through the fluid conduit; and a piezoelectric material producing
electricity in response to vibration of the nenber,

5 72. An electrical power generator for use in conjunction with a
subterranean well, the generator comprising:
a fluid conduit having a filow passage for flow of fluid
therethrough;
a member extending into the flow passage, the member
10  vibrating in response to fluid flow through the fiuid conduit; and
a piezoelectric material producing electricity in response to
vibration of the member,
the fluid conduit further having a protrusion
extending inwardly into the flow passage, the protrusion inducing
15  turbulence in fluid flow through the fiow passage, thereby

increasing vibration of the member.



20 the piezoelectric material supporting the nmenber in position relative
to the fluid conduit. 69. The generator according to C aim68, wherein the
pi ezoel ectric material encircles the nmenber. 25 70. The generator accordi ng
to Caim68, wherein the menber extends into a recess forned intelbdiECy0fn
the fluid conduit. 15 DEC 1004 -33 71. The generator according to C aim 70,
wherein the piezoelectric material is disposed in the recess between the
menber and the fluid conduit. 5 72. An electrical power generator for use
in conjunction with a subterranean welkg. the generator conprising: a fluid
conduit having a flow passage for flow of fluid therethrough; a nenber
extending into the fl ow passage, the nenber 10 vibrating in response to

fluid flow throdgh thedthaicdosqndidicinangowvdy @F@%‘mﬁ%ﬁ&w@ %itlﬁ'etqq Ui d

producing electricity in response to vibration of the ne
condui t fur &G eoRgraEsmdtihastens oéxt ending inwardly into the flow
passage, the protrusion inducing 15 turbulence in fluid flow through the
fl ow passage, thEHERYPNNREYBES g tuPBIaSteM? Filhd apsrthet halsn@BECIE004 - 34-
73. A net hogagad%r,oduci ng power in a subterranean well, the
5 positioning the tubular string in the subterranean well;
flowing fluid through the flow passage;
vibrating a member extending into the flow passage in
response to the flowing fluid step: and
producing e!ectricitv from a piezoelectric materiat in response
10 to the member vibrating step, '
the flowing fluid step further comprising flowing ﬂuid
transversely across the member.

74. A method of producing power in a éubterranean well, the
15 method comprising the steps of: -
Interconnecting in a tubular string a fluid conduit having a flow
passage;
positioning the tubular string in the subterranean well;
flowing fluid through the flow passage;
20 vibrating a member extending into the fiow passage in
response to the flowing fluid step: and
producing electricity from a piezoelectric material in response
to the member vibrating step, |
the producing electricity step further comprising
25 supporting the member relative to the fluid conduit utilizing the

piezoeléctric material.



met hod conprising the steps of: interconnecting in a tubular string a fluid
conduit having a flow passage; 5 positioning the tubular string in the
subterranean well; flowing fluid through the flow passage; vibrating a
menber extending into the flow passage in response to the flomﬁnglglggthm
step; and producing electricity froma piezoelectric material in response
10 to the nenber vibrating step, the flowing fluid step further conprising
flowing fluid transversely across the megpdber. 74. A method of producing
power in a subterranean well, the 15 method conprising the steps of:

I nterconnecting in a tubular string a fluid conduit having a flow passage;

positi oni ng therbUbu s /SLEgIa ERot AL RPN MRL ond LONLBG i

t hrough the fl ow passage; I'brating a nenber the

passage in ctepmRsBet @ohhgritépehngchihgitdestembandvips edechivgoel@aiid city
froma piezoelectric material in response to the nenber vibrating step,

t he produci mgat¢watricity step further conprising 25 supporting the menber
relative to the fluid conduit utilizing the piezoelectric material. 1 5
DEC 2004 -35 75. The nethod according to Caim 74, wherein the supporting

5 76. The method according to Claim 74, wherein the supporting
step further comprises positioning the piezoelectric material
hetween the member and the fluid conduit in a recess formed

internally on the fiuid conduit.

10 77. A method of producing power in a subterranean well, the
| method comprising the steps of:
interconnecting in a tubularrstring a fluid conduit having a flow
passage;
positioning the tubular string in the subterranean well;
15 flowing fluid through the flow passage;
viprating a member extending into the flow passage In
response to the flowing fluid step;
producing electricity from a piezoelectric material in response
to the member vibrating step; and |
20 inducing turbulence in the flow passage upstream of the ~
member, thereby increasing vibration ‘of the member in the

member vibrating step.

78. The method according to Claim 77, wherein the inducing
25  turbulence step further comprises providing a nrotrusion extending

inwardly into the flow passage.



step further conprises encircling the menber with the piezoelectric
material. 76. The nethod according to Caim 74, wherein the supporting
step further conprises positioning the piezoelectric material between the
nmenber and the fluid conduit in a recess fornmed internally on the ¥4 BECd 2004
conduit. 10 77 A nethod of producing power in a subterranean well, the
nmet hod conprising the steps of: interconnecting in a tubular string a fluid
conduit having a flow passage; positioning the tubular string in the
subterranean well; 15 flowng fluid thr the fl ow passage; vibrating a
menber extending into the flow passage in response to the flowing fluid
step; producing electricity froma piezoelectric material in response to
the menber vi br Z0i ngnsdleptricab@@er mirwrgor dobulsenoeconjurtedidn owtpassage
upstream of the menmber, thereby increasing vibration of the nenber in the
menber vi br sePhgTENEpn We!l, T ORBERBEPacRBHIiINGSt 0 O ai m 77, wherein the
I nduci ng 25 turb¥j ea SC%Lﬁg further conprises providing a protrusi on
extending i nwar 4l fl ow passage. 15 DEC 204 -36 79. An
el ectrical pomfa%@%ﬁ@éprhaf\mﬁgw dr“ﬁ@é’rfblr'ﬁfédi et Ardug B UBRRET ABRAN
wel |, the generator conprising: a fluid conduit

5 through the fluid conduit also fiowing through the crifice, and the

mempber vibrating in response to fluid flow through the orifice; and
a piezoelectric material disposed proximate the member, the
piezoelectric material producing electricity in response to vibration

of the member,
10 - the piezoelectric material being disposed in a

recess formed internally on the fluid conduit.

80. The generator according to Claim 79, wherein a portion of

the member extends into the recess.

15
81. The generator according to Claim 80, wherein the
piezoelectric material is positioned between the portion of the
member and the fluid conduit in the recess.
a 20 82. An eiectrical power generator for use in conjunction with a

subterranean well, the generator comprising:

a fluid conduit;
a member having an orifice formed therethrough, fluid flow

through the fluid conduit also flowing through the orifice, and the

25 mem‘ber vibrating in response to fluid flow through the orifice;
a piezoelectric material disposed proximate the member, the
piezoelectric materizl producing electricity in response to vibration

of the member; and



a menber having an orifice fornmed therethrough, fluid flow 5 through the
fluid conduit also flow ng through the orifice, and the nenber vibrating
in response to fluid flow through the orifice; and a piezoelectric materi al
di sposed proximate the nember, the piezoelectric material producind DEC 2004
electricity in response to vibration of the nmenber, 10 the piezoelectric
mat eri al being disposed in a recess forned internally on the fluid
conduit. 80. The generator according to Claim?79, wherein a portion of the
menber extends into the recess. 15 81. The generator according to C ai m 80,
wherein the piezoelectric material. is positioned between the portion of
the nenber and the fluid conduit in the recess. 20 82. An electrical power

generator for use inzcapgnstd AUEInG eurtanbheeriarieain el thtdiegigeher at or
conprising: a fluid conduit; a menber having an orifice forned

t her et hr oughyidf tondufi.ow through the fluid conduit also flow ng through
the orifice, and the 25 nenber vibrating in response to fluid flow through
the orifice; a piezoelectric material disposed proxi nate the nenber, the

I ezoel ectric terial pro ' | £ ! ew]c%}% ibnat jygn  of
Itmhezrnerrber; | and“-15 B&%%ﬂ’ggée%ﬁéf@ﬁq Eer) teCYallhgt?gf ng umt&ﬁg‘r’]s'ggu?fndr% uid
flow through, deheyf §ahdriRnegidsversely to a flow passage formed through the

fluid conduit.

84. A method of producing power in a subterranean well, the

method comprising the steps of:

interconnecting in a tubular string a power generator
inciuding 2 member having an orifice formed therethrough;

posit]oning the tubular string in the subterranean well;

flowing fluid through the orifice;

vibrating the member in response to the flowing fluid step;

producing electricity from a pie_zoeiectric material in response
to the member vibrating step; and

inducing turbulence in fluid flowing through the orifice.

85. The method according to Claim 84, wherein the inducing
turbulence step further comprises positioning a structure in the fluid

conduit upstream of the member.

86. The method according to Claim 85, wherein the positioning
step further comprises positioning the structure so that it extends

generally transversely relative to a flow passage formed through the

fiuid conduit.



83. The generator according to claim82, wherein the structure extends
generally transversely to a fl ow passage forned through the fluid conduit.

-84." A nmethod of producing power in a subterranean well, the nethai
conprising the steps of: interconnecting in a tubular string a powes DEC 2004
.generator including a nenber having an orifice formed therethrough;
positioning the tubular string in the subterranean well; flowing fluid
through the orifice; vibrating the menber in response to the flowing fluid
step; producing electricity froma piezpelectric material in response to
the nenber vibrating step; and inducing turbulence in fluid flow ng through

the orifice. 85. 8 rh ' wher ei n .the_inducing
" turbul ence step furt hghg%ﬁ?ﬁgﬁs‘%\gg{ﬁéﬁﬁg%ggf HaBt N HNERO N Wity 3
; condui t upstr@amzerramm@emh@@engmow&ﬂgr%m@r ding to O aim 85,
" wherein the positioning step further conprises posSitioning the structure
so that it extends? ffeikbE@ntyitransversely relative to a fiow passage

formed t hrough the %% conduit. 15 DEC 2004 -38 87. An electrical power
generator for use Fn '!r:ﬂ ct' OO ¢ nwithigubher flaidaconalit, the rmenenat or

conpri sings adiswibdirkP RSk in e Lsposed wthin the fluid conduit,
the menber 5 di%‘pl ggq)ng vmh]t ﬁﬁ% ! ﬂe é?ﬂ#@&c'z]n'g@ﬁp[orisﬁ Y ElydA SEowot Fnowah f | ow
t hr ough the fluid conduit;

2 retainer preventing gisplacement of the member out of the
fluid conduit; and

a piezoereptric material producing electricity in response to
) 10 displacement of the member. |

88. The generator according to Claim 87. wherein the
piezoelectric material is disposed between the membejr and the fluid
conduit.

15
89. The generator according to Claim 88, wherein . the
piezoelectric material supports the member within the fluid conduit,

a0. The generator according to Clzim 87, wherein the
20  piezoelectric material is disposed between the retainer and the fluid
conduit.

91. The generator according to Claim 90, wherein the
piezoelectric material supports the retziner.
25 |
92. The generator according to Claim 87, wherein the
member contacts the retainer in response to fluid flow through the
fluld conduit, the piezoelectric material producing electricity in
response to such contact.



the fluid conduit;

wherein .

condui t .

pi ezoel ectric material is disposed bet

the retainer and the fluid

conduit 91. The generator according to Claim90, wherein the piezoel

mat eri al support@3t.h¢\ FRIRIEDF Ao A%in

hsogreRal ofh ASS9REh A,

87, wherein the “rrenber contacts the re§al ner i'n response to ?‘Wuﬂd%%

t hrough t hemdthod coongdribing tihe speépegodl ectric material produci ng
electricity in response to such contact. 15 DEC 2004 -39 93, A netho
produci ng power MEACEUREEE NG A IAEANTEiRdN anfatihdar sBHPYI si ng t he steps

of : interconnect| fluid condujt in. a tupular string; positioning
tubul ar string i’hggﬁgj@ﬂﬁt&er gtﬁﬁﬂlfr\,%mﬂ;g i the ShbTerrantan Wer;

5

- 10

15

20

25

flowing fluid through the fluid conduit;

dispiacing a member within the fluid conduit in response to
the flowing fluid step: and |

producing electricity from a piezoelectric material in response
to the member displacing step. |

04, The method according to Claim 93, wherein in the
member displacing step, the member is prevented from displacing
out of the fluid conduit by a retainer.

95. The method according to Claim 94, wherein the member
displacing step further comprises contacting the retainer with the
member, and wherein in the producing electricity step, the
piezoelectric material produces electricity in response to the

member contacting the retainer.

06. The method according to Claim 94, further comprising
the step of supporting the retainer utilizing the Diezoelectrit

material.

g7. The method according to Claim 93, further comprising
the step of supporting the member in the fluid conduit utifizing the

piezoelectric material.

a retainer preventing displacenment of the nmenber out of
the fluid conduit; and a piezoelectric material producing electricity in
-response to 10 di spl acenment of the nmenber. 88. The generat or accoigi?g to
Caim 87, wherein the piezoelectric material is disposed between 1RAdEL 2004
menber and the fluid conduit. 15 89. The generator according to Cd ai

m 88,

the piezoelectric material supports the nenber within the fluid
90. The generator according t\%égl aim 87, wherein the 20
n

ectric

ire
ow

d of

t he



5 flowng fluid through the fluid conduit; displacing a menber within the
fluid conduit in response to the flowng fluid step; and produci ng
.electricity froma piezoelectric material in response to the nenber

di spl acing step. 10 94, The method according to C ai m 93, wherein il &ERel004
menber displacing step, the nmenber is prevented fromdisplacing out of the
fluid conduit by a retainer. 15 95. The nethod according to C aim 94,

wherein the nmenber displacing step furt he_é _conprises contacting the
retainer with the nenber, and wherein in [I-lne producing electricity step,
the piezoelectric material produces electricity in response to the nenber

i h i ding.to Claim94, furth
Comprising 1 he Shop bl CRRbPL PRATERE R ARe O LY 1 LG GEUBeabe] ect i c
material. 2§ s%-te?r%hém{ Wéil,%ﬁé(g’éﬂé}%t}b?_cgr@}gﬁaﬁfq: further conprising the

step of supporting the nenber in the flui utilizing the

pi ezoel ectric ned énidlcorduiDEAVA094 B6w Ansseigectarisat! theweth aengr aher for
use in conjunction with a subterranean well, the generator conprising:. a
fluid condu? CaHH¥i ng a fl ow passage formed therethrough and a cavity, 5 a

rerrhr ang separ até ?ﬂe%rafr{eogveggrsastﬂ’gge tﬁwreo%w%a%?é/gi;é ¥r‘ortnh%hé cavity, the
membrane flexing in response to pressure fluctuations in the flow
passage: and )
a piezoelectric material disposed within the cavity, the
piezoelectric material producing eiectricitv in response to the

10 membrane flexing.

99. The generator accordinhg to Claim 98 wherein the

pressure fluctuations are due to fluid flow through the flow passage.

15 100. The generator according to Claim 98, wherein the

membrane is generally tubular.

101. The generator according to Cleim 98, wherein the
membrane sealingiy isolates the cavity from the flow passage.
20
102. The generator according to Claim 101, wherein the cavity
is at atmospheric pressure.

103. The generator according to Claim 98, wherein the cavity

25 is generzally annular shaped and outwardly surrounds the membrane.

104. The generator according to Claim 103, wherein the
piezoelectric material is generally annular shaped and outwardly

surrounds the membrane.



menbrane flexing in response to pressure fluctuations in the flow passage;
and a piezoelectric material disposed within the cavity, the piezoelectric
.material producing electricity in response to the 10 nenbrane flexing. 99.
The generator according to Claim98,. wherein the pressure fluctubl Dbbh3004
are due to fluid flow through the flow passage. 15 100. The generator
according to Claim98, wherein the nenbrane is generally tubular. 101. The
generator according to Caim98, wherei#ithe nenbrane sealingly isolates
the cavity fromthe fl ow passage. 20 102. The generator according to Caim
101, wherein the cavity is at at rmspheri c pressure. 103. The generator

according to d apgm 94 YpodRrlif HEISTE Y AR (702020

and outwardly surfounds t e rre ra he gener at or Claim

103, wher ei métieod pbezoekieas tihe st@pebfal |s general Iy annul ar shaped and
outwardly surrounds the nenbrane. 1 5 DEC 2004 -41 105, A nethod of

produci ng power in’ieac%ﬁh’ﬁﬁéf’ﬂélr%ﬁwlﬁl/élﬂﬂdtttlﬁaﬂ an*éimdarsb.'ﬁng; sing the steps
of : interconnectin f.l ui ular strin positioning the

ndu
tubul ar string | ROFHONT8 Gy ey "v%rtng ’5‘ %%W 'frlaﬁ]i%éntWﬁ‘Hugh a flow
| B::::gg 5]9‘; Otnh: Lﬂ\i;hﬁ’nﬁ?ﬂﬂﬂ' ﬁhroﬁér?é'f"@v@pé’&%%'éaé‘tetr?@?ﬁﬁétdo%ﬁlte,e flow
ﬂexmg a membrane separating the flow passage from a cavity
of the fiuid conduit in response to the flowing fluid step; and
| producing electricity from a piezoelectric material in response
to the membrane flexing step.
10
106. The method according to Claim 105, wherein in the

membrane flexing step, the membrane is generally tubular.

107. The method according to Claim 105, wherein the flowing

15 fluid step further comprises flowing fluid through the membrane,

108. The method according to Claim 105, further comprising
the step of seaiingly isolating the flow passage from the cavity
utilizing the membrane.

20
109. The method: a'ccording to Claim 105, wherein in the
membrane flexing step, the cavity is at a reduced pressure relative to
the flow passage.
25 110. The method according to Claimy 109, wherein in the

memibrane flexing step, the cavity is at atmaospheric pressure.



of the fluid conduit in response to the flowing fluid step; and producing
electricity froma piezoelectric material in response to the nenbrane
flexing step. 10 106. The nethod according to Caim 105, wherein in the
‘menbrane flexing step, the nenbrane is generally tubular. 107. The hBEhaa
according to C aim 105, wherein the flowwng 15 fluid step further
conprises flowing fluid through the nenbrane. 108. The nethod according to
Claim 105, further conprising the step of sealingly isolating the flow
passage fromthe cavity utilizing theddenbrane. 20 109. The net hod
according to Claim 105, wherein in the mnmenbrane flexing step, the cavity
is at a reduced %ressure relative to the flow passage. 25 110. The net hod
according to O dilth-109han@eshad Rocredingerfist dHain| 805, ngviserain imetivavi ty
is at atnos i res 1 DEC 2004 -42 111, The nethod according to
Cl ai m 105, aﬁgﬁgrﬁ%ien ﬁﬁgﬁj%ﬁg?@net??eﬁw Yst @BTWEREIYc a8H T UA\dSwalte v
surrounds t heerriBBeane. 5 112. The nethod according to C aim 105, wherein

in the producing el'ectricity step, the piezoelectric material outwardly
surrounds the nenbrane.

5 112. The method according to Claim 105, wherein in the

producing electricity step, the piezoelectric material outwardly
surrounds the membrane.



