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2009/ 0174 9pPimesas0yp07ly7dderate by detecting motion of a vibrating conduit that contains
a flowing material. Properties associated with the material in the conduit, such as mass
flow, density and the like, can be determined by processing measurement signals
20  received from motion transducers associated with the conduit. The vibration modes of
the vibrating material-filled system generally are affected by the combined mass,
stiffness and damping characteristics of the containing conduit and the material
contained therein.
A typical Coriolis mass flow meter includes one or more conduits that are
25  connected inline in a pipeline or other transport system and convey material, e.g., fluids,
slurries and the like, in the system. Each conduit may be viewed as having a set of
natural vibration modes, including for example, simple bending, torsional, radial, and
coupled modes. In a typical Coriolis mass flow measurement application, a conduit is
excited in one or more vibration modes as a material flows through the conduit, and
30 motion of the conduit is measured at points spaced along the conduit. Excitation is
typically provided by an actuator, e.g., an electromechanical device, such as a voice

coil-type driver, that perturbs the conduit in a periodic fashion. Mass flow rate may be
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25  gfce, a measured mixture density of 0.9 implies 50% water and 50% oil by volume.

Similarly, a measured density of 0.95 implies 75% water and 25% oil by volume,
Where only two liquid phases are present and where the base densities of oil and
water are known, the two phase component determination is relatively easy, with two

equations and two unknowns. The basic equations comprise:
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{ toill Once the two phase fractions are known, they can be
multiplied by a volune flow rate to determ ne the volune of water and

t he vol unewefz@idi7dolpat are being 10 produced. | n additiwryudb@n74711
conponent nmass flow rate can be cal cugated by rmultiplying the

conponent volune flow rate by the conponent density In sone
cases, the ||quWher§tth%écﬁ1)mm COSTISES %&91F1We§&ﬁlﬂ§%ﬁa“@é§lﬁﬂtﬂ@(a0)term

Separatl on roces occur when ressure drop is present
O A OreANBRES Sinsly e bR SRiten B RER I et “Psome

entrai ned gas breaks out of the 0|I m_xt ur e. s 15 br eak out will
al so occur when the separator |i5 notl wordking_pekflectly due to
e o slugging through

increased oil viscosity, stimilated pr uctl )
the well. In these cases, the gas present i'n the liquid stream
results in ver Mnﬂ)tﬁﬁ@%t}%ﬁﬁiﬂélsanﬁrbﬂtdbﬁsl%Ciltﬂalhthﬁg tRNeixeirk deseshuett on.

For exanpl e IS produmgg only water and natural gas and
t he outSputwaratqrhélow laafﬁa theygangfard ogléﬁmpatl@g prasessirgleylatgsohevselemetiied

5% gas, %aké‘ﬁh&f’b&?% %%1&%5\?&&63?31&1@){31{@610 95 g/cc (assumng the

gas density 1s zero tion assunes that the

liquid streamis again 75%wa er and 25%0|I eality, this well
is producing no oil and the e{ﬂhﬁj }juctl nis infinite.

A typical solution is the addjdio raction (GVF)

waler

meter. The gas fraction can be quantl G edw‘B” F meter and the
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process. This will occur when a pressurc drop is present across a valve or flow
measurement device. As a result, some entrained gas breaks out of the oil mixture. Gas
15  break out will also occur when the separator is not working perfectly due to increased
oil viscosity, stimulated production, or slugging through the well. In these cases, the gas
present in the liquid stream results in very large errors in the actual water and oil
production. For example, if a well is producing only water and natural gas and the
output of the liquid leg of the separator includes 95% water and 5% gas, the indicated
20  mixture density is 0.95 g/cc (assuming the gas density is zero) and the net oil
computation assumes that the liquid stream is again 75% water and 25% oil. In reality,
this well is producing no oil and the error in oil production is infinite.
A typical solution is the addition of a gas void fraction (GVF) meter. The gas
fraction can be quantified by the GVF meter and the gas portion of the liquid density
25  measurement can be removed. This eliminates large entrained gas errors in the net oil

computing calculation.
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frequency response. The at |east second vibrational frequency
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15  and an at least second vibrational response, generating a first density measurement of
the three phase flow from the first vibrational response, and generating an at least
second density measurement of the three phase flow from the at least second vibrational
frequency response. The at least second vibrational frequency response comprises a
different frequency than the first vibrational frequency response. The method further
20 comprises determining one or more flow characteristics from the first density

measurement and the at least second density measurement.

Aspects of the Invention
In one aspect of the vibratory flow meter, the meter electronics is further
25  configured to receive predetermined component densities for each of the three
components of the three phase flow.

In another aspect of the vibratory flow meter, the meter electronics is further
configured to receive predetermined speed of sound values for each of the three
components of the three phase flow.

30 In yet another aspect of the vibratory flow meter, determining the one or more
flow characteristics further comprises determining phase fractions for each of the three

components of the three phase flow.
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In yet another aspect of the vibratory flow meter, receiving the vibrational
response further comprises filtering the vibrational response into the first frequency
component and the at least second frequency component.

In one aspect of the vibratory flow meter system, the processing system is further

30  configured to receive predetermined component densities for each of the three

components of the three phase flow.
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the vibrational response further conprises vibrating a net
assenbl y dhe three phase 8owory flow nmeter at a first frequency and further
vi brat.ing the ter st second freguenc

Uhe. atlll Sast - sESFLPPRES FuEysTis Hraio TG PERE ST et ARG AL o

first freqgHeRlow EIRERLMisAs ﬁr‘i‘ﬁeﬁ’é&ﬁ;ﬁis‘e@ﬂé’thnﬁrﬁﬁ%@kﬁﬁeﬁ éLQ@EH-HeQK&E fohase
sensors of the neter assenbly, and separating the vibrational

response iftlew the first frequency conponent and the at |east second

Foce winen ey IR PLEBer preaafifle LoD EnsiE il Yp BRE v {ERY0F ow

et er assefgbyis ¥ibrald@ ava Brsafegyenty ey\gémta% th%tﬁré?t vibratiénal FRGHERGYd the at
recei vi ng the vi brational response f rom(Pr ckoff sensors of the neter

assentPy, leastia seqond xitrpigrt fhawv yiaserds vibrie a@@ﬁérﬁeét sepans! feguengy tot
fr equencyr‘%gé’glggbgﬁé1%it lg%gséc%ﬁd@ brét?o%% Iieg}glnﬂgg_cond frequency conponent,

wherein t requency nmponen the at | east second

frequency conpamend asee cge]rmmaﬁled thy mekiedfuhih@tdoampriats thb erdinmisiry step of

frequency receiving predetermined component densities for each of the three components of the
three phase flow.

20 In another aspect of the method, the method further comprises the preliminary
step of receiving predetermined speed of sound values for each of the three components
of the three phase flow.

In yet another aspect of the method, determining the one or more flow
characteristics further comprises determining phase fractions for each of the three

25  components of the three phase flow.

In yet another aspect of the method, determining the one or more flow
characteristics further comprises determining a gas void fraction (GVF) of the three
phase flow.

In yet another aspect of the method, determining the one or more flow

30  characteristics further comprises determining a water cut of the three phase flow.

In yet another aspect of the method, the at least second frequency component is

substantially superimposed on the first frequency component.



In yet another aspect of the nethod, receiving the vibrational
response further conprises separating the vibrational response into

the first {pogwantws conponent and the at | east second fEEABRNEG74711
conponent. 20l n yet another aspect of gthe nmethod, receiving the

vi brational response further conprises filtering the vibrational
response into tlRgctanodher psneguelitby medpgotheAtrstdirguency compoaentand sicotid

frequency 18%5‘?99&§Htﬁ‘equency cot @o%{é?ft o@@bﬁ%?ﬁ@;ﬁ@@% elxl%Ha‘té‘fﬁnE?H‘cﬁg’

recei ving the vibratronal response ses recelving the
first vibrabiaciosd] respepense froma first vibratory flow neter and 25

receiving the at |east second vjbrational response froma second
vibratory fl owIPré(F'éarnPﬂiﬁF?WePW the method; fe§%‘86‘8dhw’@F%PP@H&?POP&%‘&I?%

bei ng & didcohg{rﬁgs‘f vigfﬁﬂg%qg%eeﬁa{%mﬁ{[}ﬂ%lgﬁf e vibralrP ity RAB] 2t SRR Rency

I n yet anot aspect recelving the vibrationa
response fandtfoehercabrptingths nwitdiraatdnmgy at 4 atdeasvsdsoad Hequehtypwiittethemt at

a first frequency to generate t first 30 vibration response, and
vi brating 18%% F@&gﬁ-tff&q‘é"é% amgiaaﬂ%?r&p I’?QUGWY@F%F eaiffsg’ﬁlff%ﬂ?n Yo SSFIving the

second fregmaneyal tQpaedeatdh BidkDE salsotLatShe SREL A MDY, ahd Qé;ﬁkating the
response, Wth the at |east W 2009/ 017494PCT/ US2007/ 074711 9 second

vi br at i onatibrabempd nespotreiinty the tist frequency Compoment ynd thant lehg st¢andt
Vi bratli ona% res({)onse. Detscri ption of the Draw ngs FIG 1
shows & f ITFAURRYSOMRORE sing a flow meter assembly and meter

Sel ectroni cs. I yet anbtifer aghebofahd heMolafckeifingdhdBbRAIEnAIQEspTRASKFthHY
flow characteristics of a three phase f1 ow accor di ng to an enbodi nent

of the i nwentpriges vibrating appeter agsesnfdwet tiervdlratory flpwrmejeras adirstfgequendy, st

frequency and .at .| east .. econd frequency. accordi t o _an _enbodi pent
of e oy BBl theSBit FERRe a0 RO B AL ey A B AT
t ransf or msbpa6tiute e Sibirshiota] tefp@ie ST Gl MRMrcqifonéhGorhpbneif dndithe at least
FIG 5 is a block diagram of the analysis bl ock according to an
enmbodilfentseemdriFrauppRyepmnerent, wherein the firgt figquencycame onens agq et {aagt

for generatifg @ bl cd fRAUSNGY (ARhA bl BRI GPRARFABALLRAUENCY
qTT%O II'TEFF'[ (%lrft ?%% ? EF SéIOVVS a

according to an e I'nventi on.
vi bratory f| owlngéteinothes bt afithemasod] regeilingwheidrasioha respohesfuathena
t hree phase flow accordin nbodi ment i nvention.

: t,0 an of .th
FIG 8 is QUPrEGciarpies Vh‘ﬁfl%?feépoﬁﬁé%tﬂr‘hﬁ‘rﬁmf ﬁﬁweéﬁﬁé?%?%ep%%f}dc@e
of a threeg: pAGSEcIddMbRERY DnfldnkRt an enbodi ment of the invention.

20 In yet another aspect of the method, receiving the vibrational response further
comprises filtering the vibrational response into the first frequency component and the
at least second frequency component.

In yet another aspect of the method, receiving the vibrational response further
comprises receiving the first vibrational response from a first vibratory flow meter and

25  receiving the at least second vibrational response from a second vibratory flow meter,
with the at least second vibrational response being a different frequency than the first
vibrational response.

In yet another aspect of the method, receiving the vibrational response further
comprises vibrating a first vibratory flow meter at a first frequency to generate the first

30  vibrational response and vibrating at least a second vibratory flow meter at an at least

second frequency to generate the at least second vibrational response, with the at least



20 Detail ed Description of the Invention FIGS. 1-8 and the
foll ow ng description depict specific exanples to teach those skilled

in the artwhawdrsmke and use the best node of the i nueRlgR70FD1
t he purpose of teaching inventive primnciples, sone conventional

aspects have been sinmplified or 250mtted. Those skilled in the art
wi || appr eererdevibetipadlirgsponse being hdidterent fvpreasy thaatthe Hrst vikrational t he
scope of tllagpd Qé/enti on. Those skilled in the art will appreciate that
the feature escri bed bel ow can be conbined in various ways to form
mul tiple variations of the inDmstiiption é6the Deswhgs the invention is

not limted to_the specific exanples descrjbed bel ow, hut only by the
claims and t heild eaaﬁ%% 2 Hpy mejpyomprisi W@@?f&ﬁﬁ%wn@me er
conpri s NG @& efl QW nmeter assembly 10 and neter el ectronics 20. The
nmeter electronics 20 is connected to the nmeter assenbly 10 via | eads
100 and i s confEIGug éda flowphaoteidanathas torenentsnoflowrbaractenyiios obh tiaee
density, rrq}sas él ow 2009/ 8\%%;4‘?4PCT/§F2007/ 074711 10 rate, volune
f1 ow rat e, PSR BPY AELPTHRELO AR BROOVBIHENHNG FYENUGY ot her i nf or mati on

over a communi gagi 9BhRRAS frctiry fok co@stith PEARPRIARY ad PatllBREL s&léltﬂi | ed

in the art that the present i'nvention can be used 1n any type o
Coriolis fireawenstacondsypiodnesdodimanhef therireantiof. dri vers, pick-of f

2 c1Bh, sie a0t ook Pl BEEOTREPL IR G fef oo e ing o an

al t er nat i iighBodaREM O B idvattidhat ory densitonmeter. The fl ow neter
assenbly 10 includes a pair of flanges 101 and 101', nmnifolds 102
and 102", a driRker S soubloph dagent oldbe sualysia bivck egording i 41 enbashmeniafs
103A and %8 PV J@ghdriver 104 and the pick-off sensors 105 and 105
are connected to the flow 10 conduits 103A and 103B. The

flanges 101 an@&1G04 shavethatirewad forgchbatingniffralfasuds saodt 18R 'a.scddie
mani f ol ds 102 and 102' can be affixed_ to _opposite ends of a spacer

106. TRe dpuBeRcyrseoHISTeansEboREebaEihgdnsdtigken t he nanifol ds 102
d 102" i i i i i f .
condui s 103 Si | Suh e pBlargtadReR L8 KB Hiting iy chfffbteristios of

into a cordiee physdt fow eomirdiad e embudilmestasfithemvedteont | ow mat eri al
hrongh the. {1 EHes EGHOBAESE A F BUbFor eI AR TGP EDS! WP
the total Mw%cofréiiﬁé"ftcffg& V\gﬁ? imbﬁtd:f‘t{l]@ﬁﬁr@ﬁi&n? enter the flow

conduits I03A and 103B, rough the flow conduits 103A and 103B
and ba0k into the outlet manifold 102', where it exits the neter 20

sssemily 10U ough (e (| Aaa Qe obfigol bl o LS, 105 20
and to the outlpesNBERizh@kid BHAgwinzQeddiftRnidyRt sseRlcaRhmles Yo feBeh 835E
skilled in the art how to make and use the best mode of the invention. For the purpose
of teaching inventive principles, some conventional aspects have been simplified or
25 omitted. Those skilled in the art will appreciate variations from these examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents,
30 FIG. 1 shows a flow meter 5 comprising a flow meter assembly 10 and meter
electronics 20. The meter electronics 20 is connected to the meter assembly 10 via leads

100 and is configured to provide measurements of one or more of a density, mass flow



mass distribution, nmonments of inertia, and el astic nodul es about the
bendi ng axes W-Wand W--W respectively. The flow conduits 103A and
103B ext engogoubomat@hy 25from the manifolds 102 and 102'pdtigio7/074711
essentially parallel fashion. The flow conduits 103A and 103B
are driven by the driver 104 in opposite directions about the

respect i veraemelug flove mietatalizedmass dlow, tappperatice, ard ofber ipfemptipnseves gt
of phase T

one o marg napRofh 20 26 shobRbE: . BB UNEL e T b RTRGEE

flow condumtreﬂt&a/kaaae asdll ianng pRefit@riods ﬂownﬁabﬁeéghxdlésé oﬂ\the angibet of
103B. An alternatlngf current is passed through the oppasing coil to
cause bot hArEEHEE BIGkotf sensets; ﬂ‘P‘ﬁlC@nd%S»sQﬂth%ﬁle‘éaféﬂg lved%@é ‘allatl% %ditéﬂh

e e e T T

gener at e adadsitectsr.gnal at a predet erm ned frequency. The neter
el ectronics can_g rateadrl e at va |ngf quenci es,
i ncl udi ng gener%{el%mﬂer%ﬁe@ ﬁub@m& R Péé%a@é. éan<§E%1 fagnefolds
el ectronic 22a91dr1%§eh\ﬂﬁ%exsﬁﬂsﬁfck%fﬂs%ﬁéo?rs Pfs- gbf’ Arﬂaﬁﬂiv tdrk@8doddnd S

respectively. The feter electronics 20 produces a drive signal on the
| ead 110 wHi3Bh Teukser 1 Greandt the pickidifisensors d 6F bhédl @5' ateeconhestet writie flow

103A and 103 ectronics 20 processes the left and right
vel oca]t% s‘ioé‘ﬁ‘éllt% ‘ﬁpe:@pl ck-of f sensors 105 and 105' in order to
conpute a mass ’[fﬂeqwn?é’st A1 éﬁ'ﬂeloqoﬂguﬂlx‘éatté%ﬁa’%ﬁf&ld%ﬁlwra‘ﬁﬂlldgs T&@ i nput
and an output neans that allows the neter electronics 20 to interface

with an 10napédds }:Q2emdImt@ncb@WéﬁX@lte@pp@Hﬁ@nég/@ﬁ@mcefﬂWé Eé@@pacstmﬁw

of FIG 1 is. Q. tio

Cori ol 15 1TORAHBLSS SEaeE e g PaliRTR s B2 Rid @Ak el witepres
present i nyBtib®lin the flow cOAMARI1BGAME|1Y3BaWRhdnohb ﬂohﬁmt:tf:f S868FIEYI0 is

vi brat ory flow meters can accurately neasure density of a three phase

f1 ow wWier ensaiied ap @reondiit ssteny (neéshawn) whicheprriasihg ygn%férlal being
Conversely r I

nmeasure a P?Jegh%gh%gmw %Flgf%ng(%rg (t)h? fﬁlug&%# gge@ug)hgdr g:?@%é{l}ﬁ%gé%% lt%}’
addi ti onalpaesres airsuginthe hﬂepmemﬁﬂd @0Divherel the pielsenduhdoudilow hesaial Wo
characteristics are a g‘ tageousl enpl Oﬁids; 0 accurately and

reliably dHicsicaithBHCHBASIOM &y aﬁ% 3 ot @P@frﬂ.t%rﬂl%%therﬂoa CONAPES 5
flowchart 280 Hf4 @3 g%qcﬁ Rio FRBTHE 1 ggmfdl&’%?h@ﬁ@r%ﬁteerxﬁéiﬂe%etg{ agfgp

t hree phase ow accor to an e I ment e invention
201, cﬂ@nsmssmum@threugnhedlahgel@elé.ch of the three phase conponents.

The densities i se known or a he densities ¢

recei ved from i T ntd PO e Botiednd somrbmasty el
densities 1ﬁﬁ€‘mﬁ§1f§lﬁ%§%@fo ﬂé%gﬂéﬂﬁﬁﬁfdld‘i@ @@a@%a‘?@%ﬁl%%tﬁflﬁfh%&%ne
25In step 202, speed sound val ues are received for each o

t hr ee phageass deéanmomatssqﬁamtmfané elasitk maﬂldesalumnwellxadlhg @m or

assuned val.ues. eed of sound yal ues, ca r iyed froma
oot aeaVaS? and B IPRDeTiell ot o TS T a5K i B Efiend STy
val uegpscandi sl 958 th1& 102 QAN 1AM RChn é%%éhtl@ﬂ @ﬁhﬁﬂ@lﬁéﬁlﬁ&@ storage. In
step 203, a flow neter assenbly of a vi bratorg flow nmeter is

Y

vi brated. Onl y Téaes‘b“scrq«ﬂgués V03 andl93 T prowriven thesirw@q UP4 mcppgesitsr di ng
to this er&; af_boWDtpEépef%Péé Vg%‘éh@ng axesveang% d Gt whaEH rt%)r{ﬁéd(fhe ﬁrs{e

vi brated a reSrlnons
out of phase bending mode of the flow meter 5. The driver 104 may comprise one of

many well known arrangements, such as a magnet mounted to the flow conduit 103A
30 and an opposing coil mounted to flow conduit 103B. An alternating current is passed
through the opposing coil to cause both conduits to oscillate. A suitable drive signal is

applied by the meter electronics 20 to the driver 104 via the lead 110,



WO 2009/ 017494PCT/ US2007/ 074711 12 I n one enbodi ment the flow neter
assenbly is vibrated at a single drive frequency. The single drive

frequency Ganmeegnefsat e the vibrational response includi p@ri8odd7sat
frequency conponent and an at | east second frequency conponent, as

the vibration of the neter assenbly at the single drive frequency can
i nduce nul ti pl eI's meteyeleeteaniesebesngendeaigpohivistsiznalefra prrégipranedoi se
created by f t i |1, creat ibration in the
1 ow ot o eaBlich TRYAet O ek B R Bhorll 4 or Bl GERE X ke BRaddlell

second fr epuRidiige geaspdneiiultiple budeyipiposdd fediendedli f ferent frequency
than the drive frequency. This at | east second frequency conponent of

t he vi br ati onal Thegupignelectygri¢s Zrreeivssenson signelh o8 e keads §1d aaddilits ude

than t fl : q Vv - i I d
froquency ‘Soaraey 188 R YAREREN I brod PR Eve ddllsT ol Ine 1EACH
first vibrausartht dfivedodne ysoildap drstovacshdiie 103A bed$03B.eThntheter

vi br ati onal frequer&cy response .carn subsequently be processed in the

steps bel olectronics 20jmiocestss g 1e8mpe alehbrrIoc s REeR clrodiesepiops bY5
the singl Sadd Q8 fRhEL th BotpieAlifitks HowPrald e AlinihildiRAYRRCK ABFdSan

al so vibrated at an at t second drive 15frequency. east
second drimpuffandgunemntpnt ireans dinf flbvarthe fetqulencynich2hta inerface withdni ve
frequenc

y. For exanple, the first drive frequenc be. abou 00
or U3 (ki ORERIO 01 B R TS ilie 10y CCSPREY SbOLE 18 3rpded perely
shoul d be yndexathaRbARASERRICIN CHfOIETRIMARE! 85 At HiRRd tPlimit the
illustration only and the inventionis not limted to any particular

drive fredeehiigesel the pres¢rdudvenben.under st ood that the single vibratory

flow 20 neter need to be .calibrated for .both the first drive
frequency and criveEerakbe *ubBlnsouraerSod ety ToRHasER g atratly
vibratory théRudWhsity #BythbR ghakd RERaRkrdihe AGholRE &F cAtrhindfdiriesgr . for
exanmpl e. In one enbodi ment, the flow neter assenbltﬁ is vibrated at

the fildst arepspiver Peunrayrdy highafreanenciameterrearnavailabiorthatasonratedt ngasure a
f requency ﬂf%c(}lgn(%yh%ﬂﬁ)r\ﬁ{igﬁ ¢hg ’ﬁ?et@r%gk' Ere%%g lu%;gé’rg(? Eg %%dit/i?%ah 'emS%jg' ig tthebo th

Al ternative ow neter can pe SiImul taneou rate

the first medeviee bf aaliphay fRws. tThesatwd dagdctessiay e ddvantgeblp enplyéd
drive signal can therefore conprise_ a conposite of two or nore drive
fr equenci €8 pccusately andgeliably detgrpped densities pad BoWSEaBEteripicst | ow net er

ncludes st | eanb, buy aoqbaReny dr OuenEL e lBoat hobpkleeaigtfr,

vi br atA0onahret phepecimy acopsding searaerdbati mewtadtheainseaand I step 201 odeakities are

frequency rregesl\Pe%ng)? each of the three phase components. The densities comprise known or
assumed values. The densities can be received from a remote device or from an
operator, for example. The densities can be stored or programmed into an appropriate
storage.

25 In step 202, speed of sound values are received for each of the three phase
components, The speed of sound values comprise known or assumed values. The speed
of sound values can be received from a remote device or from an operator, for example.
The speed of sound values can be stored or programmed into an appropriate storage.

In step 203, a flow meter assembly of a vibratory flow meter is vibrated. Only a

30 single vibratory flow meter is required according to this embodiment of the invention.

The flow meter assembly can be vibrated at one or more frequencies.



The first vibrational frequency response and the second vibrational
frequency response can subsequently be processed in the steps bel ow

WD 2009/ 01w ahrddp2007/ 074711 13 In step 204, thawvidoe@tdenal
response is received fromthe single yd bratory flow neter. The

vi brational response can include the first frequencg conponent and
i

the at |east sdi®ngembedigentihedlnvpostenassembly igivihraigd at aspglgdrive

componant . TRBEIRE ot Sndle BV Féfithey LAMNERRNe WR3TrhThal Hinst HENIEAE)

conpri se ahbifighdreqliemguempyndmand tinet kadt s¢cohd SQUEARY cCOMPPOINE s the

In step 205, the yibrational res %gse i s _processed to obtain the
first frequlonebmhsaneiaiasasbly Rbihgsinalndivesisrayrmey Fadudiceynultiple
conmponent . i 0 i - al | i i I
LSRRI A s R R i O A U
second fr egeteneyll ceatpotteation ifiltke flowaeatsi asgerchkn acamjrlesse sdoohd &rfqurgcy .he

vi brationg], .response into the first frequency. conpo t apd the at
| east s ccoltf FrlBehatrepd CoRpBIBPmPeRE vl nga@a&ﬁ ﬂd@ggr&ft Bergpasdan
filters, f@QE dA¥@ MR Rncy. This at Ich& sS¢RR RQfend cfoh{ér%heﬂ%@%é\)ibrational_
measurenent of the three phase flowis generated. The first density

measur enernesposgenbohtosdselsimgrhasifalies in fmplgudntbyn therfirvteficdueney t he

first 15 frequenc onponent. In ste 07, at |east second nsi ty
o nour BoerfoRtoaRTH HATREE T aulefy: StooRy T hnaitk cobpohord o2 67 anfifetad
density neARdH@¥bcdsSedd aMRfRbtRAbMEbR fRGudcy r&PohscHRE ANPat 16REHRBEY
of the at | east second frequency conponent. As previously discussed,

the at | easgbratewsdfigqnensyuespoyss eangubietinentlyrie froesgtedria fhe dhens beknav.f i r st
frequency. 20 n ent| e,tq vibration t t-hr hase fl ow
mrer alat i 1 SPaTR E tofa ek ol Ao Rh R Publy it SEERoRERE 15 T

ef fects (s@ratbdseHSBitARivbElcquincy lahe if dl§Stibaedisit i afRageeRankivand t he
at |l east second density nmeasurenent will differ. The difference can

be usdd t dTeaBERGYNi e abiqgstscesldrareFearerayi is aidederentfreguencytban thg dastor

nore flow r I, Std 14 |

the first SNg CaRaih” Jof Brffic 16 BRTWRCP sobiLF ofl B ISR ApoRiGae
first and tkesenid densfregueneasan enatous4 $BHzbE shiewd bk andatw@odilze ttesgas
fraction and fjirst and se,congglibqui d fractigons of the three

ne . phase
flow. For Wﬁrﬁﬂqé‘?ncﬁfiﬁrar%gltvﬁ’i‘ yriggon paly a@éﬁ%‘??@?‘ﬁﬁmdﬁ net lgpiged to any

product i oq,arﬁc*a@arfdiri&éafregl cREC Ao %ilglnema%a%m%é%w@ﬁra GH 1o
determ ne "a gas void fraction (GVF) and a water cut of the three
phase 20l ovnet&00ay sedde belerkmrae dercbdth detfirsindrivarfeeqkemymndithe st lemhsdsend

ORI N ERE E E CR A
water, for example.
In one embodiment, the flow meter assembly is vibrated at the first drive
frequency and then at the at least second drive frequency (i.e., the vibrations occur
25  alternately in time). Alternatively, the flow meter can be simultaneously vibrated at
both the first drive frequency and the at least second drive frequency (a drive signal can
therefore comprise a composite of two or more drive frequencies). As aresult, a
vibrational response of the flow meter includes at least two component frequencies.
In all of the above embodiments, the single vibratory flow meter produces both a
30 first vibrational frequency response and at least a second vibrational frequency response.
The first vibrational frequency response and the second vibrational frequency response

can subsequently be processed in the steps below.
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30 Once the three phase fractions are known, they can be muitiplied by a volume

flow rate to determine the volume of water and the volume of oil that are being
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compression on all phase components of a three phase flow. The compressibility effect

creates both mass flow and density errors in a vibratory flow meter. It may be useful to
generate vibrational responses both with and without measurable compressibility

20  effects. A quantification of the compressibility effects on the three phase flow can be
used to determine densities and phase fractions of the flow, among other things.

If the speeds of sound for the gas and the two liquid phases are known, and if a
density measurement is obtained from both a low frequency meter and a high frequency
meter, an additional equation can be generated to solve the three phase flow problem.

25  Uniquely, the flow meter can be driven in two modes; in a low frequency mode (such as
a standard drive mode, for example) and in a high frequency mode. The error generated
by differencing these two density measurements can be used as the missing third
equation.

A solution to the three phase flow problem is non-trivial. A third equation is

30 required to resolve a flow measurement into three components. The two known

equations are shown below:
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q)or'.l' +(Du'ater +(Dgas =1 (l)
po!lq)or'l' + pwarerq)warer + pgasq)gas = lomrx (2)

Where the () term comprises a volumetric phase fraction and the ( o) term

comprises density. In these two equations, the overall (i.e., three phase) mixture density
(pmix) can be accurately measured by a vibratory flow meter or vibratory flow meter
system. In addition, the densities of each component (Dyit, Pwaters Pgas) €an be assumed.
For example, they can be inputted by a user or can be programmed into and stored by
the meter electronics 20 or the processing system 707 (see FIG. 7) or other equivalent
component. It should be noted that the gas density (p,,s) is a strong function of pressure.

Consequently, there are two equations and three unknowns ®_,, ®, . ,and @ . (ie,

each volumetric phase fraction). Another equation is required in order to be able to
solve for the component densities Pty Pwater, A0 Pgase

The source of the third equation was found by looking into the density
performance of high frequency meters operating in the presence of entrained air. It was
found that high frequency flow meters generate unexpectedly high density values when
air is injected into the flow stream. This is counter-intuitive, as adding air to a fluid
makes the fluid lighter and less dense. However, this unexpected result is completely
explained by the speed of sound model and the effects of compressibility, wherein
entrained air lowers the speed of sound of the three phase flow and increases the
compressibility effects. The high density readings experienced by high frequency flow
meters for increasing void fraction result from a sloshing effect during vibration,
wherein gas bubbles don’t move completely with the flow fluid.

In contrast, it is well known that low frequency meters, such as flow meters
operating at less than 200 Hz, produced very good density estimates. This is also
according to the speed of sound theory, as a low frequency meter will exert minimal
compressibility effects on a three phase flow. Slower vibrational speeds cause less
compression and less sloshing.

Using the speed of sound theory, which has been validated on both low and high
frequency meters, a prediction of density estimate for both low and high frequency
modes can be made using a single vibratory flow meter. Alternatively, more than onc

flow meter can be used.
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The mixture speed of sound (4, ) can be used to determine the standing acoustic

wave in a flow tube. The frequency (f) of an acoustic standing wave is well know and is

related to the square root of stiffness (K) over mass (M). This relationship can then be

manipulated to give an estimated fluid stiffness (Kyyig), which is not infinite due to the
10 compressibility of the fluid.

K. .
_‘27#‘ [356] Dpe = ﬁ (5)
Sluid
3.86Y
K s =M gy {T) ai' =M gy (27?( )2 (6)

Where D is the inner diameter of the flow tube and (f) is the frequency of
vibration. These results can then be inserted into an eigenvalue problem which defines
15  the relationship between the high frequency drive mode, the mixture speed of sound
(amix), the mixture density (p,,;,), and the tube diameter (D).

Mlube 0 i.1 + Kmbe + Kﬂuia' _Kﬂuia’ xl _ 0 (7)
0 M fluid X, -K uid K Jid || %2 N 0

d t|:K nibe +K Swid ZM Iube -K Sluid :| - 0

2
-K fluid K Jhid @ AJ Sluid

)

20 Where (x) is a flow tube displacement velocity and (¥) is a flow tube

acceleration factor. When the eigenvalue problem is solved, the frequency mode as a
function of all of the parameters can be determined. The estimated density (p) of this

mode is then defined by the density equation:
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Pwat er - 1f mc92 Jwhere (q) is a density calibration constant. The solution of these equations

results in the final third equation shown below:

: @ D s
5 [ (I)w[2 J_l_( wulezr J_i_ g f(p”a D fvac) (11)
p oif aoil p warerawaler p gasa gas
where:

(1.84) : ()Ohigh ~ Piow Xapkig}r + Piater )

fppasD, fo.)= 2,2 2
D'z P highp J'pr 11'arerj;u'gh_vac

(12)

Where (ppign) and (piow) are the measured densities at a high drive vibration/mode
and at a low drive vibration/mode respectively, and (pyae:) 18 @ known water density
10 value. This equation can be added to the other two to produce the following matrix
equation:
I 1 1 D, 1
Poi P ater Paos [\ Pwaier [ = Pioy (13)

( 1 J ( 1 J 1 J (I)gm f(pr'?a’D?.f;ac)
L poiiajﬂ pwatera i*mer pgasa:as N

This matrix equation can then be inverted to the final form.

r -1
o, 1 1 1 1
(I) water { — p oil )O water p gas p low (14)
(I)gas ( l ] [ 1 J 1 f(pi’a’D’j:uc)
L p oil a:ﬁ JO wareraiater p gasazas |
15 Equation (14) can be solved to determine the volume fractions @, , @, , and

M .. In general, a user of the flow meter will want to know the water cut and the gas

volume fraction for the three phase flow. The equations for these quantities, based on

the known component fractions, are:
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calibration constant. The solution of these equations results in the

final thirgoedwaht@n shown bel ow where: (1.84)2 () hahgRbowy{aP
high Pwater) f(pi, a, 1), foc)-(12) Dg ff2Phi ghPl owPwal erfli 2i gh _vac
Where (phigh) and (plow) are the nmeasured densities at a high drive
vi brati on/ node @ ﬁtfwael Sveativr 76 KA BPat i on/ mode respectively, @AH 1o
1is a known water density .1- water, 10 value. This equation can be
added to the other two to prod e the 0! | owi gg matrix equation:

This matrix eqdﬁ’@feioncaaﬂmreq—bé"f\iipv -t—e(-gl—t —H%/—Ffl nal form {QDopil

(1) water 0 gasPoll 1 water

5 Using equations (15) and (16), the user can obtain an estimate of the gas void
fraction. The vibratory flow meter (or flow meter system) therefore does not require a
separate gas fraction meter. Using equations (15) and (16), the user can obtain an
estimate of the water cut. The vibratory flow meter (or flow meter system) therefore
does not require a separate water cut meter.

10 The determination of the phase component fractions can further be used to
provide additional diagnostics. For example, an alarm can be generated if the GVF or
WC values exceed predetermined thresholds.

FIG. 3 shows circuitry 300 for generating a first frequency and at least a second
frequency according to an embodiment of the invention. This embodiment is used with

[5 asingle vibratory flow meter and therefore the circuitry 300 is coupled to a single
pickoff 105/105” of the vibratory flow meter 5. The circuitry 300 can comprise a
portion of the meter electronics 20. Alternatively, the circuitry 300 can comprise a
portion of a processing system 707. The circuitry 300 includes filters 302A and 302B,
Hilbert transforms 304A and 304B, and analysis blocks 306A and 306B.

20 The filter 302A filters out the first frequency component (i.e., a “low mode” in
some embodiments) from the pickoff sensor 105/105° while the filter 302B filters out
the at least sccond frequency component (i.e., a high frequency mode in some
embodiments). The filters 302A and 302B therefore create two separate processing
branches. More than fwo processing branches can be configured if desired, such as if

25  more than two vibrational frequencies are employed.

In one embodiment, the filtering can comprise band-pass filtering centered
around the expected fundamental frequency of the flow meter. The filtering can include
filtering to remove noise and unwanted signals. In addition, other conditioning
operations can be performed, such as amplification, buffering, etc. If the sensor signals

30 comprise analog signals, this block can further comprise any manner of sampling,
digitization, and decimation that are performed in order to produce digital sensor

signals.
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processing system 707. These filters provide an optimal method for filtering and
decimating the pickoff sensor signal, with the filtering and decimating being performed
at the same chronological time and at the same decimation rate. Alternatively, the filters
302A and 302B can comprise Infinite Impulse Response (I1IR) filters or other suitable
digital filters or filter processes. However, it should be understood that other filtering
processes and/or filtering embodiments are contemplated and are within the scope of the
description and claims.

The Hilbert transform 304A phase shifts the first frequency component by about
ninety degrees and the Hilbert transform 304B phases shifts the at least second
frequency component by about ninety degrees. The phase shifting operation generates I
and Q components (7.e., in-phase and quadrature components) of the respective
frequency components. However, it should be understood that the 90 degree phase shift
can be performed by any manner of phase shift mechanism or operation.

The I and Q components are received and processed by the analysis blocks 306A
and 306B. The processing produces the first frequency f, and an at least second
frequency fz. The first frequency f, and the at least second frequency fg can be used to
generate the first density and the at least second density.

The frequency according to the invention is advantageously computed from the
90 degree phase shift. The frequency in one embodiment uses the 90 degree phase shift
and the corresponding sensor signal from which the 90 degree phase shift is derived
(i.e., from the I and Q components).

The frequency thus derived is obtained without the need for any independent
frequency reference signal. The frequency is obtained from the single 90 degree phase
shift in an operation that is very fast. The resulting frequency has a high degree of
accuracy.

FIG. 4 shows detail of a portion of the Hilbert transform blocks 304A and 304B
according to an embodiment of the invention. In the embodiment shown, the Hilbert
transform blocks 304A and 304B each include a delay block 411 in parallel with a filter
block 412. The delay block 411 introduces sampling delays. The delay block 411
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35  multiplies the PO signal and the PO conjugate signal, implementing equation (20)
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where “Fs” is the rate of the Hilbert transform block 304A or 304B. In some
embodiments, “Fs” is about 2 kHz.

25 FIG. 6 shows the circuitry 300 for generating a first frequency and at least a
second frequency according to an embodiment of the invention. Components in
common with other embodiments share reference numbers. This embodiment differs
from the previous embodiment 300 by further including an averaging filter 609.

This embodiment likewise receives a vibrational response from the single pickoff

30 sensor 105/105°. However, the single vibratory flow meter in this embodiment may be
vibrated at only a single frequency, wherein noise in the flow meter generates a second
vibrational response, as previously discussed. The circuiiry 300 therefore takes

advantage of noise in the flow system. Since small amounts of flow noise will stimulate



P hil ben Apo sin(cot)(18) Conbining the original ternms wth the
output of the Hlbert transformyields: 20PO = A po[cos(cot)+

I si n(cot) ] wohoRRh404S) (19) FIG 5 is a block di aggeEmugboriohn
anal ysis bl ock 306A or 306B accordi ngyt 0 an enbodi ment of the

i nvention. The anal ysis bl ock 306A or 306B receives a signal froma
si ngl e pi clensdr Gy, siedinatuccittvghen aibyafionalicspausgowde vrill bodeertableiseen if
enbodi nent_ 25.shown, i ncl ude 1ol n black 501, X..conj ugat e

bl ook 502, "SaE R TH I P HERE Byt BBl SnHirs ReRRBlnE bk S0,

a filter bl ock FidmethodhefifreaRiich ntre EikeHiiSsinde 166 Righaninobt OigkalFARich is
and a division block 508. The join_block 501 receives both the

i n- phase (19t baing rejofreat witle a ddye)cwide é atauchflowenmpplitadg. dpecause the

i brati . j 2,130
berfor e Srei AR TEeGR AAIAE B RPmolP SnEfUntER forkt KT opErnE"
negati ve odbwehemplitadt isatoy a siggifidant proleaellaydéition kandthdr taicenrigcles a

sanpling delay into the anal ysis bl ock 306A or 306B and therefore

sel ects a Rfcaiseaf thy lgwsr araplifpfe the,dgnsity mepsseBe gyt dempuch) npdyierjag well.
time. This Iy gl i J jijd o 1 rrent
di gi t al si%ﬁg’ﬁgia%gltoﬂ}e&gﬂé’ﬁ%‘% gg‘%ﬁ%ﬁ%"?ﬂf ebldoRieh B e tillpda B
mul ti pli catveongiry moaky GfhlS&S fien el fodguescyttheasP@renghal taleamchl4dee TréGhis end,

conjugate signal,. inplepenting equation ((20) WD :
2009/ v adipeNrgos B KenTcRgr oyt T Bt BRBRSECE 50 oement
a digital ifﬂlg)r&%r the &¥&lbndy dbRANMRIb AilEedRleqiRUal ¥rdiSif ¥esSReult, The

filter block 505 can’conprise a pol yphase decinmation filter that is
used to renove Hiar freimves coibtaoty favometeh eystem Fhd e ni¢apuangifloeadr at ur e

conponents, of .t he. sensor _signal, a Il as, to deci.nate the
Sionan SRt g e P R AR e T B G e O P
of "the i npiklagfly So@NAkter SKEM 260 HERUER HROIBW ActhsA and 8f 1A a sbid
exanpl e. The phase a?ﬂﬂl@?ﬂﬂ%mk 506 determ nes a phase angle fromthe

i n- phdde (flow ggter §Ba mewrs $drpdABrirscaneetne irrocedyrall. The flow
h | | agk. 5086, i ! ' i.on. |. OW.
e cono afitois pewrogy bR TRALS Al Bl HbstinePRRER il A bR,

di vi ded byrHewabratory aswsheafsyistene?hefurter ind@)les @ celisinigSlyeBmoi0gc The 08
10 perforns the division operation of_ equation The anal ysi s

bl ock 306ATeFSIEBY S I/BrisrfosPicAdo e i cwgn@&ﬁsi%%ﬁ: thppigleasf ageqond- )
oL 0% oy S0 AR B T AL ARSR, it
20  first flow meter SA and receives at least a second vibrational response from the at least
second flow meter 5B. The processing system 707 can determine a first density, at least
a second density, and additional flow characteristics, as previously discussed and as
discussed below in conjunction with FIG. 8.
FIG. 8 is a flowchart 800 of a method for measuring flow characteristics of a
25  three phase flow according to an embodiment of the invention. In step 801, densities are
received for each of the three phase components, as previously discussed.
In step 802, speed of sound values are received for each of the three phase
components, as previously discussed.
In step 803, a first vibratory flow meter and at least a second vibratory flow

30 meter are vibrated. The first vibratory flow meter is vibrated at a first frequency and

generates a first vibrational response. The at least second vibratory flow meter is



cos(ot -614) 20 which is the radian frequency of the vibrational
response. Converting to Hz: f po = (cot cot_ox Fs 27r where "Fs" is
the rate ofygd@dihdolpert transform bl ock 304A or 304B. |¢r5@8¥Bo7/074711
enbodi ments, "Fs" is about 2 IcHz. 25 G 6 shows the circuitry 300
for generating a first frequency and at |east a second frequency
accor di ng Yibragd aspnetileasinecantl fraquenay\cadgenprateCamploash second virsatianal

w th ot herreenbogi ments share reference nunbers. This enbodi nent
differs frSMIne previ ous enbodi ment 300 by further including an
averagi ng filterwé6SmordWibra®iih ddivmericrs dak ®vicEpldyed ataesing o/ thdg at i onal
response fromthe single pickoff 30 sensor 105/ 105'. However, the

si ngl e vi bipkeskgent of ihavayertionn Lt thogldheyaderstaed thatynase thangwarvakyatery flow
onl'y 8 51 gk {16 345G MATELD 1Rl 36 Jillohlle) [ QU IELE L dERaL At o5 2
second “vi brational response, ‘as previously di scussed. e circurtry

300 t her efMukiplakiéstiadyasdpagss@hn BOeSRIdyad biembl Gwvtisy séfm thSuaiity and
smal | anmpunts of flow noise will stinulate WO

2009/ 01749PCehavapteistics gaiolations. sensor nodes, a sel f-i nduced hi gher
vi brational re | ' ' j

! brovi dod. | Thy Seaft SPidld (R HELRRIADLERAKTHdy nBRChL YR .
met hod r equommeen timesphaee Bowistrean) hgadiitieme tHehfovh btodaet muside 8 iabmglthe

(which is not being reinforced with a drive) will be at a nuch | ower
anpl i t'fde. SABEPLERS taﬁeacglogﬂ&'akftMWi\‘ﬂé‘%?%t% cPe®Snge of this higher

node vi brationgj sfeﬁl%gi@,n”tﬁ@ﬂ'ksi Vi hal Pe@ﬁoﬂs@‘éﬁ& th%'EPle!aEtLégﬁoaﬂ BQliofkal

significant proble I'n addi tion, another concern is that Because of
t he | ower rasponse ardegceived fhem dictiyrstmebiatore fiewt metet dndybe atlehst nedosider as

well. As |lo as sl ow respon tjmes are acceptable, this pr em can
be. el i m nat BAEY TRVAREGH nE 5P b UL et ey s et

neasur enerfeqadseyt BehcllraG8brafithdl Rdspoiddas prvibiidy aenaed.ng filter 609
can average out ‘the at |east second frequency in order to inprove the

frequdicy det ednsigadDbr Amtidens iy awasiopimentax thesthresmbasenllawes geagritad, as

previously discussed.

In step 8006, at least a second density measurement of the three phase flow is
generated, as previously discussed.

In step 807, one or more flow characteristics are determined from a difference

20 between the first and second density measurements, as previously discussed.



FIG 7 shows a vibratory flow nmeter system 700 for neasuring flow
characteristics of a three phase flow according to an enbodi nent of

t he | nventiweregoldigioyi bratory flow nmeter system 700 i nclueigss2a07ford731
flow nmeter 5A and at | east a second 1& flow neter 5B. The flow neters
5A and 5B are connected in a conduit 711. The flow nmeters 5A and 5B
bot h measuhatisclsiged fhase flow that is flowing in the conduit 711.
The vibratory flow nmeter system 700 further includes a processing
system 7071. The‘\ p'rbmatessﬁlmg ey Enfor 0asisingdlow evirdaterishies 61 a ghirecf phase
met er 5A ecand flow nmeter 5B. The_processin

oyst em 70 edls vRE S fel boLorHaIe Cagen Sse by eSS e et
flow net erseﬁﬁsr@(‘ld)sr £0) é(tﬁﬁm@tter ERBESINi& @@ﬁ&ﬂ@le\d‘ tB 1R iORAT RSB P IGE
fromthe at | east second flow nmeter 5B rocessi ng system 707 can
det er midne HS5f), math tU@m@rattwthwmm(S)abcg@:@uadicmlnsd by, and additi onal

fl ow characterl tic S, pr.evj l. S d and as sed bel ow
1" conj unet i on i PckpRErEHE OB Sepke CORRPSEE AR SoubEFOHIEMEE for
neasuring flow char et pidkest ehsods 295! 1L ophdse alfirovdcasiePmdhdigerhént
an enbodi nent of the invention. In step 801, denS|t|es are received
for each of the thr @étl}sﬁb@épb@ﬂw&veml@g a@sstélfeawr@wpylpan%@éﬂ?@d
D B02 coPeed Yl SRR AMNE S BRI GGRED aRblBRel o
phase conponents, as previ ousﬁ’ i ESCussen. TI {0y

first i bratory fl ohemicerp haswﬂca:v uklﬁg-itleﬁst&%ﬁﬂj’m@ ﬂueqbéraiya:roynﬁohaw&@le
neter are vibrated The flrst vibratory flow nmeter is vibrated at a,
first frequency andvéerinat espense, wish theiapleastiseennd fresyprmys@mpprentdeing
| east second vi bratqgr S, 1
23 vibrated at an ag d?%%é@%@%ﬁ% ‘41 ?netcl]l\é\(eﬁﬁ%tap y %Ecgzegﬁép ée[g %%0%#8_@%%
second vi brati onal bﬁspnms&zﬂow characieisties fanf the Vird rdattyynédsosenrent aids
can be enpl oyed accgjr g‘g to thj qf@gnbodi ment of the invention. It
shoul d be under st oo dtSisFn ItY {52 yPeRtory flow 5 neters can
be inglkuded and nore than two vibrational responses can be received.
Mul tiple vibrational responses can be enpl oyed and may further refine
t he densi ty and"hfelvdumtomaﬂawuwers(ﬁl ofcleial tuvigt tmmxteﬂetlecafdwi,ds(ﬂmjé)eing

under st oo at t tipl.e vi rator flow nme e.on a
common ¢ niuteiee By o etk fidiale b SRoteah G it e PREAT e o o
at about tdagpblei@bEthRges HhReHoweach of the nultiple vi br atory flow
neters. In step 804, the first vibrational response and the at

| east second vi brati onal response are received from t he first

e S0 L BB B oY b EEASEE SO e ShBt bRy U e
frequency fihiggr cohgired & rewubé ptedeahink & SRRHE sodd \ﬂhﬁ:\i FQUSLY of the three

di scussed.
components of the three phase flow.

4, The vibratory flow meter (5) of claim 1, with determining the one or more flow
25  characteristics further comprising determining phase fractions for each of the three

components of the three phase flow.

5. The vibratory flow meter (5) of claim 1, with determining the one or more flow
characteristics further comprising determining a gas void fraction (GVF) of the three

30  phase flow.



15In step 805, a first density neasurenent of the three phase flowis
generated, as previously discussed. In step 806, at |east a
second dengptyooimamyr ement of the three phase flow is geReFBIERB74725
previ ously di scussed. In stgp 807, one or nore flow
characteristics are determned froma difference 20 between the first
and secondd. denﬁ Wlmm flewengter (Shef @ﬁmﬂo\mgh sietm‘l@@ulgsf‘e@lone gymnore flow
2009/ 11174¢ 0 711. 2 ratory
Flow et ercerrisies b cbibsmb Aot EhAdTRIGhe whes Mald BB
flow, the vi bratory flow meter (5) conprising a neter assenbly (10)

i ncl udi ng ,})l ckoff sensors (105, 105') and neter el ectronics (20)
coupl ed t o/-t he ecirior 8awaneier (5pef claimp; with ferah loapfescoqngh BRavEY | ow

cont | gir e TP LR B ARty Mparh BRI SRR e D,

(105, 105'), generate a first density nmeasurenent of the three phase
flow using a first frequency conponent. of the vibrational response,

generate at | edde vibrawey flewdesien ©) ohelaian | o thedrst i qupRe Y JorongH 28 d
flow usi “%@Eﬂ%ﬁ%écoﬁdﬁgegst c&%ﬁgﬁéfﬁgé%ﬁ@%&%ﬂbst%uaﬁlp‘zg&n‘a{eﬁhﬁ&ﬁﬁ'the

response, Wt e at 620 conponen

di f f erent Vibetoeicespbisen t he first frequency conponent, and determ ne
one or, nore flow characteristics fromthe first density neasurenent
and tHd at 1east second density neasurenent. 15 2. The vibratory

flow neterg (5) 19% vohriofy fowthdtst (516F ABLET, WL e Ctedudflics ped g'}ﬁlngr

further configured to recelve predeterm ned conponent densiti
each of t rferthetrroeeﬁgm m\@btage bt mdie astenady pHisea firsieq@OBy Bhé vibrate the

i brat fl 1 th th | t
Do e f o o s o) @l B aftsR Mg ehleried oy TR oy s Cos SR 'R0
val ues f oesacluiptrehhchvhep H6RTRORRPISRhCS, h@ccwtﬁ@vmﬁﬁalf doS¥nsc

4. The wbratoryflowneter( of claim1,”with determ ning the one

or norlé f|fewn dBaheledtseapors (1A5sL 050k ﬂllbeﬁ?ePé@#mhﬁ s'nhw@tlcwéll EEPANSE o Preafiret
fr act I ons ffe 16[1603 C‘p'ﬂ fon&ljfl%n& la{eﬁ leag% Qr?dqlr"r%quenc %01 negte phase fl OW.

5. The vi br W neter aim ermning the one

or nore flow characteristics further conprising determ ning a gas

voi d fractl on GVF) of the three 30 phase f| ow

he vibratory flow meter (5) of claim 1, with the meter electronics (20) being
further configured to vibrate the meter assembly (10) at a first frequency, receive the
20  vibrational response from the pickoff sensors (105, 105”), and separate the vibrational

response into the first frequency component and the at least second frequency
component, wherein the first frequency component and the at least second frequency

component are generated by the vibration at the first frequency.,

25 11.  The vibratory flow meter (5) of claim 1, with receiving the vibrational response
further comprising separating the vibrational response into the first frequency

component and the at least second frequency component.

12. The vibratory flow meter (5) of claim 1, with receiving the vibrational response
30  further comprising filtering the vibrational response into the first frequency component

and the at least second frequency component.



WD 2009/ 017494PCT/ US2007/ 074711 25 6. The vibratory flow neter (5)
of claiml1l, with determning the one or nore flow characteristics
further conprising determning a water cut of the three phase flow
7. The vi br aty Yoo howseter (5) of claiml1l, with the at PE@/%EEOO?@MHW
frequency 5 conponent being substantiakfy superinposed on the first
frequency conponent. 8. The vibrat orévyoflow meter (5) of claim1l

with the firde fragiuaew LonpskesstamyoPhier meaaas floysbaneeriisyabnbyee

conponent oc [ {.:aﬁ[ﬁ,i, o i .

vi brati onal %gisgéﬁg!ea{elnggg T e%ﬁ?’%ﬁ’f@ﬁ %@\I}én‘{eﬁt%%rc {e%%&%f claim1l,
with the neter el®fistebiaey{(R0)méei(B4);f urt her configured to vibrate
t he neter assenbl 1 at first freque .and vibrate the neter
assenbly (10) at aérlléaﬁgg eé%%f"‘é%‘@@hﬂ"‘ﬂ’@%ﬁ@%?n ith the at | east

second frequency dgoogsiag ystdne (M) cduprd beme Yirdt ithatbiyefldw msfer (SA) and to
frequency, receive the vibrati on%I Jrespopse 15fr%}rﬂ1 t he pi ckoff
sensors (105, 105'), anlf dparsseendviatonbion meisaloB)e¥ b earocsssing watem

first frequency conponegt nag c§ﬁ}ﬁgu@éd th ?e%%ﬁ;eﬁ%?éf%%rﬁtfo%ﬁﬂ%@%ﬁg{ehﬁc%n% the
(0] e

conmponent. 10. The vibratory flow nmeter (5) claiml, "w

neter el ectronics (20Yirgaitigonflavhmeter GdY)i igeaieetdensid sseendevibidonsbt er
assenbly (10) at a fir I : i tt .
response fromthe pi cﬁ%#)?ﬁsrsegﬁggdrﬁgXﬁ(li%gge%%cgwgﬁ%éﬁgog(’elﬁ%%ag?%?{wﬁ%l the at
vi brati oh@l response . ilsssisetdid vibratiinal regmpuenioeincodiffersentequantytthen te first
| east second frequency..c nent, wherein the first frequepc
conponent and the at %&5%%@&8%’88587 BEETEH rsggﬁ?ﬁ%@ﬁ?suﬁﬁ ‘18%’%%? s
by the vibration at tpbRaskiffostird eguRRGHbraiZmilredfoase/diinatir yibfat@Wiow
meter (5) of claiml, vvitte#ecei ving the vibratjonal response further
conpri si ng separ at i ng & Rl Beterabhal atiesi srrne depyily mgpeurpmpnfof the three

frequency conponent apgkstmewatorh &1@%&leﬁﬁ%ﬁdi/{b%ﬁiéﬁﬂ%qﬁ&ﬁ??&ﬁéﬁse of the
12. The vibratory flow neter (5) of claiml1l, with receiving the

vi bratioffal response 80P tssend WbiHpY Spwndten (BB} ipnddeterening enear imsrral
response into the firghylhaguentys SOMRANERE AR LBGKuAnLEAR S SGAR0

frequency conponent. _
second density measurement.

14, The vibratory flow meter system (700) of claim 13, with the processing system
20 (707) being further configured to receive predetermined component densities for each of

the three components of the three phase flow.

15, The vibratory flow moter system (700) of claim 13, with the processing system
(707) being further configured to receive predetermined speed of sound values for each

25  of the three components of the three phase flow.

16.  The vibratory flow meter system (700) of claim 13, with determining the one or
more flow characteristics further comprising determining phase fractions for each of the
three components of the three phase flow.

30



WO 2009/ 017494PCTM52007/ 074711 26 13. A vibratory flow neter system
(700) for measuring flow characteristics of a three phase flow, the
vi brat ory {loodmtel system (700) being characterized bpgréssbéHosii
vibratory flow neter (5A) at | east azysecond vibratory flow neter
(5B); and 5a processing system (707) coupled to the first vibratory
f1 ow met er1{-5A) Thendbragpry Waneqe@%tens@é)eﬁaf clalgr B}, ovidh datevpinis dic QBRY,
with the p

Vi brat i ono O ais AR B KA oAb yE CRLIHEES, 18 YbEEFltffn fa ) of
recei ve atthtdasé pleass€loond vi brati onal response fromthe at |east
second vibratory flow neter (5B), with the at 10l east second

vi brational response being a different frequency than the first

vi brationajg re s

hrco pnact | onngacff BBl Ehaer kel roBrpRilit [ERA GRS, e o
vi br at ory hbewlovetleradtétics fether edrepdvingdetbradsing aecaadut efithcttyree phase
nmeasurenment of the three phase flow fromthe at | east second

vi brat i onal®%requency response of the 15 at |east second vibratory
flow nmeter (5B), and determ ne one or nore flow characteristics from
the first density neasurenment and the at | east second density

rreas urementd.  Theaibrzteey doyrragter gyslfelrowome@fe:ﬂaiay}s’i evhe(emtl)e ﬁJ‘St wb@mtary

with t stem 707 he co ured to
ovel v prbis Pl S bR RRA R AR P ioney T Brhelaft potGrs BN SSkpotise
conponent S;n@fthd fgledshh 86c0RB @ﬁ:ﬁatfobﬂi%w meter¥SB) ﬂéh@brutelaraawameédt Se¥oHBt er
system (700) of claim 13, with tthe processinhg system (707) being

further coft'ﬁqugm}et@wcem@dm@@e@te@@néwmrﬂmab@amsm sound val ues for
each 25 of the three conmponents of the three phase flow. 16. The
vibratory flow neter system (700) of claim 13, with determ ning the
one or norm, f | qunehidaet @eisting FloidHaRtcris QERY i aSthite pHedcelldi thoiciddse
fractions for each of the three conponents of the three phase fl ow
WO 2009/ 01cPaMISTE! US2007/ 074711 27 17.The vibratory flow neter system

(700) of clai mr(}c%’lvﬁi\é h RSt me%&ge A PVBradbry flow meter;

generating a first density measurement of the three phase flow using a first

T

frequency component of the vibrational response;
generating at least a second density measurement of the three phase flow using at
20 least a second frequency component of the vibrational response, with the
at least second frequency component being a different frequency than the
first frequency component; and
determining one or more flow characteristics from the first density measurement
and the at least second density measurement.
25
21.  The method of claim 20, further comprising the preliminary step of receiving
predetermined component densities for each of the three components of the three phase

flow.

30 22.  The method of claim 20, further comprising the preliminary step of receiving
predetermined speed of sound values for each of the three components of the three

phase flow.



nore flow characteristics further conprising determning a gas void
fraction (GYF) of the three phase flow 518. The vibratory flow neter

system ( 70Q) Bho/dikadym 13, with determ ning the one or nEFEudl®MW74711
characteristics further conprising dejgermning a water cut of the

three phase flow 19. The vibratory flow neter system (700) of claim
13, wherein the first vibratory 10flow nmeter (5A) is vibrated at a

first fre NC Yt O ner at.e. t first vi.brational res se .and t he at
| enst a secbna WIEPRBBEGRHRforll SahyRig e GRlar it TR o B G
second fr equBBCIonis @henihfehat fteashs He eI hdihade RAMonents of the
response. 20. A nethod for neasuring flow characteristics of a three

phase f | ovhraetiasgeflolsd 15conprisi ng: receiving a vibrational response
from asvi bratory flow nmeter; generating a first density neasurenent
of the three phase flow using a first frequency conponent of the

vi br at i onad4.r espiensethod efictiat 2O gvidi ddt@asihing tseaend na&s Sotwcharacteristics
nmeasurenment of the three phase flow using . at 20 | east a second
frequency WEhpfeEmIisEe detamining agabreid fagdeni(3¥F) of the threrephase Aawst
second frequency conponent being a different frequency than the first
frequency conponent; and determ ning one or nore flow characteristics
fromthe f15 st Thenstthyd obdsiur 20yerith dnentihiagalie dreastmeare flondchd eesdristics

nmeasurenent .. 25 21, The nethod of cl ai 0, further conprising the
prelim ar@‘rtlél?recé“wls}r@c‘g?%n%F‘@H’é"(“éf*’hﬁ’%@lt@%@rﬁ@ﬁ"eﬂf’wdensi ties for
each of the three conponents of the three phase flow 30 22.The

nmet hod of claim 20, further conprising the prelimnary step of

recei vi ng 36 eddthennéthedioSpaiet2 G fwitoihadt ieadtyesmnfl dreqeacly cofapphenttbhinge

COMPONeNts, Bt 1 S PIEA 50 M VR Z00% GLFAS4PCT) US2007] 074711

15 27.  The method of claim 20, with the first frequency component and the at least
second frequency component occurring at substantially alternate times in the vibrational

response.

28.  The method of claim 20, with receiving the vibrational response further
20  comprising:
vibrating a meter assembly of the vibratory flow meter at a first frequency and
further vibrating the meter assembly at an at least second frequency, with
the at least second frequency being a different frequency than the first
frequency;
25 receiving the vibrational response from pickoff sensors of the meter assembly;
and
separating the vibrational response into the first frequency component and the at

least second frequency component.



23. The nethod of claim?20, with determ ning the one or nore flow
characteristics further conprising determning phase fractions for
each of theotdieareenponents of the three phase fl ow Seci2ds200Fe4711
met hod of claim20, with determ ning tshe one or nore flow
characteristics _further caonprising determning a gas void fraction
(GVF) of the thrisangiRadaf ¢lpign0, with repgjvingi{be wibratigRalgpsnonss Mot wi t h
determ ni n&éﬁe‘-{}%l ne or nore flow characteristics 10 further

conpri si ng ermining a watcr cut of the three phase flow. 26. The
met hod of cl ai mi2@tingw iretdrhasseatbly ebithe viwestondfléw egterat v frafirananty;

bei ng substanti al l.y. super.j nposed on the first _frequency conponen 15
27. The net hod dFe<Y8é 92‘6{,” 19 TESRENYC; TR Pf‘i@@f[ﬁ@‘ﬁg{ﬁ %J%W%PSSSH@’IX;M
at | east second fregygncy conponent occurring at substantially

alternate tines in the vibrational response. 28. The nethod of claim
20, Wi th recei sepagatitgethe ivihrationehasponse puo ste first frdrpen@Ocaampentsindghe at

vibrating a neter assenbl the vibratory flow peter, at a first
frequency and furth_‘?aseﬁtéﬁélr&fﬁ?@lep%cwwngé@gm eﬁst&ﬁqu{:nqyeast
second frequency, WcbRpbihtahd HRASlcaQCONd fidREMS OnIRAEMGrégenerated by
different frequency than the first frequency; 25receiving the

vi brational responséheyibretipn ekibe firggdrequensyof the neter assenbly; and
separalg)i ng the vibrational response into the first frequency
conponent and the at | east second frequency conmponent. WO

2009/ 017493PCT/ U264 DI ditn 2 wAth redd1@ingREd¥EBraéibndl lrépehtOfurthért h

receiving the vibrational response further conprising: vi brating
a meter asOEBISINESEPAREng fhyviratigna respprse e thefirgt frequencyt easappagaland

recei ving tgggggmgéacto'h??%éw{nﬁg%gﬁgn{ngom pi ckof f sensors of the neter

assenbl y; separa rational response into the first
frequency conponent and the at | east second frequency conponent,
y. conpqonent .and the at, | east second

wherein the first freque at.
frequéncy o npéfil@metlawﬁog@ﬁ@%ﬂ, sgthggeaipae fharyibratignal sespope further
frequency 'coilrﬂ)rising filtering the vibrational response into the first frequency component and the

at least second frequency component.

32. A method for measuring flow characteristics of a three phase flow, the method
20  comprising:
receiving a first vibrational response and an at least second vibrational response;
generating a first density measurement of the three phase flow from the first
vibrational response;
generating an at least second density measurement of the three phase flow from
25 the at least second vibrational frequency response, with the at least second
vibrational frequency response being a different frequency than the first
vibrational frequency response; and
determining one or more flow characteristics from the first density measurement
and the at least second density measurement,
30



30. The nethod of claim20, with receiving the vibrational response
further conprising separating the vibrational response into the first

frequency g@omenafisand the at | east second frequency oqriageifo7a7ib
31. The method of claim?20, with receis ng the vibrational response

further congrisi ng filtering the vibrational response into the first

frequency donpotferbethpdiof Hainyg2, fusker comprnis therigbimipre gapoheaeivings. A
met hod f or ﬁ&%ﬁh&%&ﬁﬁb‘ﬁeﬁé‘&héﬁﬁ&eﬁr r%ééthcqjﬁ tgér g{’?eetébﬁ ngﬁéﬁ?tﬂe'tﬂﬂg pié%%

met hod 20 pcorrprl sing: receiving a ional” response an

at | east s@ewnd vi brational response; generating a first density
measur enent of the three phase flow fromthe first vibrational
response; generating an at | east second density neasurenent of the

three phasg fl eﬂﬁ&ﬂb%@t d&infio,! Vicgﬁlgﬂgﬁﬁ%gﬁé}ér‘@fiﬁlﬁﬁﬁl st GEEGGHe

response, wth the at |east secon tro requericy response

bei ng a diprédeteniindd pgedofsount saluehfor Bachsdf thé thred ¢onmpmnerits efjthenlnge
response; and determ ning one or nore flow characteristics fromthe
first densl?a“f'?e ®surement and the at | east second density
measurenent. WD 2009/ 017494PCT/ US2007/ 074711 30 33. The nethod of
claim 32, further conprising the prelimnary step of receiving

predet er midfed ddwpoethord olidaigi 33, egthf deteraamihg dfe areeor nfmre dowalpratenistcsof

the t flow. 5 34.Th t had of im32, furth i Si
T e A B R e S
for each afreehpBadedfi®@ conponents of the three phase flow 35. The

nmet hod of claim 32, with determning the one or nore flow
characteristics 10 further conprising determ ning phase fractions for

each of t t hr n . t.he, t hree se fl ow. 6. . The t hod
orou o m 35 | e SRRORi S Wi nR IRl e AR oL
f Er t he ][ | C liRhérSdoftprid igaictorMirige 8 g@hsoid Bhekidy @V F )T théMPe asd hew! hr ee
phase OW.
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37.  The method of claim 32, with determining the one or more flow characteristics

further comprising determining a water cut of the three phase flow.

38.  The method of claim 32, with receiving the vibrational response further
20  comprising:
receiving the first vibrational response from a first vibratory flow meter; and
receiving the at least second vibrational response from a second vibratory flow
meter, with the at least second vibrational response being a different
frequency than the first vibrational response.
25
39.  The method of claim 32, with receiving the vibrational response further
comprising:
vibrating a first vibratory flow meter at a first frequency to generate the first

vibrational response; and



15 37. The nethod of claim32, with determ ning the one or nore fl ow
characteristics further conprising determning a water cut of the

t hree phaseofdévizaes 38. The nethod of claim 32, wth reegishdI@riAe
vi brational response further 20conprigi ng: receiving the first

vi brational response froma first vibratory flow neter; and receiving
the at |east seddiatingpieat poeond véyplonsBov iemier:t s ablgast veqend disayericy div
meter, with the at | Lorat | i

di fferent frequency gt%ﬁ%%tet% ﬁée:&p %sﬁ%&gﬁ%?%?ﬁ%%ﬁ%?pg@ %‘gr@ gi. ﬁggﬁeﬁs .Secﬂlllg
met hod of claim 32, wirhfiorabesporisdGeinge diffbieat fraquahcy thap ciesrsd wibiatienal
conprising: vibrating a first vibratory flow neter at a first
frequency to gener at®PPR¥-first vibrational response; and WO

2009/ 017494PCT/ US2007/ 074711 31 vibrating at |east a second vibratory
flow nmeter at an at |east second frequency to generate the at |east
second vi brational response, with the at | east second vibrational
response being a different frequency than the first vibrational
response.



