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FLOW METER SYSTEM AND METHOD FOR MEASURI NG FLOW
CHARACTERI STI CS OF A THREE PHASE FLOW Background of

wo b@obrenti on 1. Field of the Invention The pPEBES1007/074711
invention relates to a flow nmeter system and net hod,

ot noRLosR Gtk Ay redb AN T OB R ER N Rivg FLOW

phase f| OY‘L‘HKRA%T‘ERWE*FECSfOF %Tﬁﬁtgﬂggggwr S

are used to neasure the nass ow r at and
ot her characteristics of flowng materials. The

flow ng materials can conprise |iquids, gases,

conbi ned |iquids aftckgsend ebthedaveptionded in
l'iquids, liquids including gases and suspended sol i ds,
etc. Vibrating conduit sensors, such as Coriolis nass

1. tHigNy oreh EmSeish Vi brating densitoneters, typically
operate by detecting notion of a vibrating conduit

t hatlhe presghiigventidnoweiatep toet idow ameterryysiser andemethod, and more
sspciated with the material in fhe condui such as. .
pofROBThT It Mlrsdriey Sl e otk Fod etk ap ey Tjptics ofa
thrBé BRARSYIJY Measurenent signal s received from notion

transducers associated with the conduit. The vibration
nodes of the vibrating material-filled system

enerally are affected by the conbi ned mass, stiffness
2. %Ffﬁe’aéﬁ‘frﬁfﬁée F&V%(’Et eristics of the containing conduit

and i . : ypi Lol s
s 4 SRS el 20 PRAORE AOBLS, Howhalet By, S0k 2
chaaawastigdfifldwing ndicréalfi Peé o iy matdnals dahanseist liquids, gases,
1;}g‘st em and convey nmaterial, e.g., fluids, slurries and
cognipincydjligaids andrgascss yalidsuspepded db Higwids, ligidpmclidéngegasgs and
havi, n .set._of natural vibration nodes, including for
Susé)fg%(?seoﬁldgi %‘I e bending, torsional, radial, and

coumip@tiiRdBaduit fendodsyRichals (CR101RInSss TR%S metc@¥Vand vibrating
nmeasur enent application, a conduit is excited in one

devitommters Miybicatly onenatsdes detectengmmpeen af a vitoeieng ¢omslugithat contains
i.s Jmeas

s AP GRIAL y80 FULE0. o1 e, RRUCMLL, e PROSULR A o
flow, density and the like, can be determined by processing measurement signals
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
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
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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typically provided by an actuator, e.g., an

el ectronechani cal device, such as a voice coil-type
wa@lriogmL7494 hat perturbs the conduit in a peri odPCT/US2007/074711

fashion. Mass flow rate may2 bedet erm ned by measuring

tine phase |fferences et ween notions . at the
de&epaﬁgegia/é}yﬂeqsaeag itigpsde ﬁéﬂfsP]%%ﬁe&ff??rﬁ%ceﬁlbéwf??@t@?‘il%s g
traPSuREE RICH Iﬁé'ng[lg df ftﬂeeﬁlér’s? et‘??il c% Wl e @0 fro 2 frequency
response o the W neter. SUC tran ucers

of pivitiafién eaponse ofahe ﬂbyvpnne&lr | Tw&i’smlcbmdsdmeﬁsr(de plckoff SEnsors)
nmeasure a vi brational response of the flow conduit or

arestypisati |efr§)1%>f¢d igoadarypineapyrg a yertionaldesnanse of tesflow conduit or

COH(PUIL ra%?rgrg 1ca?lw’1§$at§ F O];s%t 0&1% %gtlréj gn% ﬁowﬁst%e\l\% of the actuator.

or S
Thie wb iR fink O abé’c&fﬁ@bﬂeﬂ% e&@ﬁbn@ﬁn%rﬁéﬁ@atﬁdiﬁl%p@ﬂﬂﬁ@t such as
pal rs of wires. The instrumentati on receives S|§na S
byftwormddpendens ppire kbiiresedboinstantbntt vogsemses ignas faal the two

rder to. derive flow neasur recent

pidkERCaLs Y e phovelE RO ERE G TRE s ipents

t akm%g&%%&lt%fdvé&eg liy bl nQDiﬁ@E@s%‘ g aﬁﬁlrﬂgbp@es@rﬁéﬂlﬁtakmg note of

bubbl e "si ze, etc. frequencCy vibratory f
flundedwrantiamn 1rimda1dm$gdnxlngab1d:ﬂnﬂmledz yetereakaw ﬁeqmmcmmbmto&fy flow meter

density and m xture mass flow of a nultiphase fl uhd
cag pe @ %Cﬁ%ﬁ?@h megpweilae BIHHE GRpAnARFEHE UGBS Howwp!a
mdﬁ{)ﬁa[se d Str tﬁo 1st ﬂ cﬁ ggﬁ{/é}h %HJe}ﬂ ,‘ijl?eﬂl? fﬁ%v rr-lre!?@r users

n ap I ca on en3| y 1sin

wanp&d ke 1ﬁqm@nga@eﬂmy e thB Bnaih applﬁmhbn b aqulﬁlﬁaﬁﬁy density is
~oilfield flow nmeasurenment and for 15‘|Iql1d - onl
in gpsiEoam @it aedess mewsingeior hoth threg phase eHiicld) fiaw m@rrement and for

.Gapah Ie of asurln a |l sity woul
hqﬂ it ge e dan st s A PRI TR et Haftu of greasuring
ABYAIE demlt@%ukpémﬁﬁafertﬁ@ fnbétnf&fa %Ea %hdrhe Rhassh mkR¥wio
is would elimnate additional d conplexity.
mdaguretikee g@ﬂqulemmfmctloanﬁag]aﬂtlfp‘has@ﬂo\y, Tihls wagld diminate additional
typi Calfﬂlcﬁ( ){Jr oduce water, oil, and 20 natural gas. A
co @5& ¥ used to separate t hese conponents into a
gas | fhedin| i CHd%ds §8dusfiySo HGRE kypildll hidr, oil,
| eg ]!llg&t]ﬁgnerregs{uréigg A dOt gvrézgn%lﬁtee §]E&§dﬁé;{é& f|é5(r) oil, and
nakmfralcgals anctphiagorfis asdd torsepairatmhesre ctdma}ionﬁatsenmm gdsdeg and a liquid
uid stream This nmeasurenment i s sjnp

lege 0 NS HY 06 Henkichdd fegnis menuagwrwweﬁé%mate the fraction of
011%?8%11&% Yrﬁ&% 6isw£t%1[ {ﬁ%gmglﬁ% uﬁ t]!lﬁ} ﬁgﬁfg%hjemt a4 %m%és%@tlngnt is simply

as a densi

a cdﬁé@itﬁaﬁoﬁfméhs@rea’énlws@sd ol the afeuglﬁdd dbadityr hdde Rghied nef oil
0.9 inmplies 50% water and 50% oi| by vol une.

cogipriingr For e@mféasﬁ pddagiadentity ¢ff0.9 2a% andpyateshapsodensity of 1.0

0
g/cc, a%reagﬁ]rceld %151{ ture dens¥ty oqjouémmphes 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:

O +D =1

oil water

poilq)oil + pwaterq)water = pmix
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Where only two |iquid phases are present and where the
base densities of oil and water are known, the two

wp@basmiasrponent determ nation is relatively epSyUS2W0T/74711
two equations and two unknowns. The basic equati ons

i xOeTE la%ca\ VST e R o8 e () term
CO%%?%‘S’%S' R ahisiah ol SRR g8 T Y} oa ¢

wat er Fvvater J Pn Inputting_the vvater and oil density

and neasuring the )lt ur el d ndiiy withja vibratory
flow meter, the st i (;lJ P®i | c uting process
cal cul ates the vol ‘fri é“”eb s&“fractTns with a

Mat ot iR BeSPate CAMPS ﬁé agﬁciﬁee{sﬁﬁn 4% IBB&&I% dens1ty with a

fractions are known, they an be rrult%p [1ed

vibratouyrotv moeter,ahe standatd et oil nemphiengy ptogowes ccmﬂcul\ae‘zemea/rmdhmetrlc
t he  vol une oi | . that are being produced. In

phaggdractions th%ea RHHOREATCREPTIYNY rate can be
cal cul ated by nul ti plying the conponent vol une fl ow

rate by the conpon b d nsi{ lin sbimg ¢ases, the

liquid streamwllT E arry sof&{%z} despite a

separation process. Bee a pressure

drop.i s prese ross a val ve fl ow, mea nt

e st HRS Pt Cagmeiﬂpwa ¥ g5 0° pradREC by a gplume
ﬂoWI%teoiol dMditg fhe VEREmP e @Jﬁté?léhd‘ﬁ'lé {folﬁhl%g)f%‘ﬂctﬁﬁt é’i@%@lng

the separator 1s not working perfectly

praducedabealdifibn, ths caapdnent stassrflbatratt qgundetuetdudated by multiplying
sl uggi ng throu h the well. In these cases, the gas

thepouapanent volpme lowiate by theermpeneit density. very | ar ge
erref ?orlngcés@g, tﬁgﬁldﬁld ARLA] wﬁ[‘?ﬂlf’bi@&ﬁﬂgg&é,‘a@s 1!:602{ separation
exanple, I'f a wel 1% produci ng on Wat 81 and Rat UPal

prai@ss. anisls W ceuliPwberdd ptddsurt idess @ pré@nodficrbdien sdpavatiow
i ncl udes 95% wat er and 5% gas, the indicated m xture
megeyrgment fleviee. ofs gresult seve ﬁntm@nechéa%l@waléﬁewwff yhq @il mixture. Gas

d,t he net a unes

et a bR i FER S PRI REY o increased
011rﬁs'fﬂobitt§)’ astﬁﬁﬂlﬁe&‘@kddu'cﬁoﬂ r RAUEI L MPorh th@%llt he t8dseRhses, the gas

in oil production is infinite. A typi cal solution is
prashet iadbi¢ tigoid sokam rgadtsvoivdryf kaegst droors (iIGle)actred eratertnd oil
prog(ﬁll%tion. 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
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 1s 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

measurement can be removed. This eliminates large entrained gas errors in the net oil

computing calculation.
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fraction can be quantified by the GVF neter and the
gas portion of the |iquid density neasurenent can be

WO 200eEd94 This elimnates | arge entrai ned gas BCT/OS®OT/074711
the net oil conmputing calcul ati on.V\hen three phases

are res&éﬁ{ there are thrtﬁe unknown ase ra;{r on :
of cathasesmye REgSGRGINeg4 t ﬁ%lu ey (Pagsaiacsten of oil,
I I :

vl PREHALER o) RO BIP Sy BRLE Rt gdosant B bRAE s
demﬂaed abu'tfe fori dib@a@f thg@ﬁm‘dwqdaﬁmrabzw mdTRbera whkkweveprobe or gas
is desired to make this neasurenent with a single .

VOtdoﬁr@Célqnsmeﬁét eHoweHs & iy eerdieddo anakedhisimeaspremant witgra gingle
LY flow neter and nethod that can neasure flow
téristics of a three phase flow. Summary of the

Sol Ut reta¥is @de@riv thd swforal Eibrdtery fBasmtémdiheéWod that can

characteristics of a three phase flow is provided
measworithw gharactenstestod ditheeatphase flone. i nventi on. The

vibratory flow neter conprises a neter assenbly

i ncl udi ng pi ckoff sensors and meter el ectronics

coupl ed to the picko§imafiisUrthe SBRiciRE €r el ectronics

is configured to recelve a“vibrational response from

t he Apvibkabfy Sensoater; fogemasatireg Aowichstactbented of a three phase flow

measur.enent . of the three phase fl ow. usi a fir
is progHigd RegordBigrerdmbadimgRt ofithe Hvesrian- Ifg% ws:%tery Hay meter

cor?zﬁﬁgéesae{ ﬁle?e'f %ﬁ%ow ﬁlé&ﬁﬁgg c@%ﬁ%’eh%rﬁﬂ&’g{ ?&E‘eﬁ'éctr%incts t&‘f‘)upled to

ase S ng a east a secon

thei:lﬁma@frﬁemsoﬁs‘ THemeicbeRciromias iy @fignael toTB@n'aé a lvﬁbil@tional
second frequency conponent conprises a different
rewp@m%ﬂmyh@ pigkotfirentars, genﬂlia&q@ arid yde@%mﬂwemem@f the three

&1 el ectrt? s is furthe c[o?pe?\zh{q o]rdeterm ne ¢
%ﬁ%’e G T FRLiRisen Shupoert o8 e vhationa) iepagst dhd generate
at REQS ste)éoﬂmea&gﬁt%ﬁéusu@mbnk Bﬁt@tth}e@qﬁlbsesmmfan@emédsya second
measurenent. A vibratory flow neter systemfor

freqeamyrqong)dnlemWfdha vecateoriag rdspensef Thetdt ﬂ@@t Maaé fifejoemncy

rovi ded. acc 0O an e
cofrg BHT P Taes 01l Brattdr v e taa i oy GPapineg Fampopent, The
méctérr e‘?éctﬁﬂn@d's"%% Airvhd: lc@ﬂﬁé’@eg ko d&brth®2%he dr B0 Mw char:ilct%rlstlcs
bratory flow neter a processing system coupl e
frohot}terﬁ&stf derstty widasatenteyt dndthermeleast @odnd derslte ractashﬁaamnt

second,_ vibratory flow nmeter. The prqcessing system
confi ylraery idow sectensysient forgpeasppng flowrdiergceaississ of a threc

ph{lsreegfgq\;/ gseprfok/{d%td a\éb&rdﬁfgotroyanfén%%d%gﬁtr of & idVREELY eTRE vibratory

flow meter system comprises a first vibratory flow meter, at least a second vibratory

Cor l?lF, 1

flow meter, and a processing system coupled to the first vibratory flow meter and to the
at least second vibratory flow meter. The processing system is configured to receive a
first vibrational response from the first vibratory flow meter and receive at least a
second vibrational response from the at least second vibratory flow meter. The at least
second vibrational response comprises a different frequency than the first vibrational
response. The processing system is further configured to generate a first density
measurement of the three phase flow from the first vibrational response of the first
vibratory flow meter and generate an at least second density measurement of the three

phase flow from the at least second vibrational frequency response of the at least second
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second vi brational response fromthe at | east second
vibratory flow neter. The at | east second vi brational

w0 e@porEed conpri ses a different frequency thanP€®s2007/074711
first vibrational response.5 The processing systemis

further configured to generate. a_ fjrst nsi :
ViRraRE HeHERE Thearacey PHERTR Iy fugher ?Qﬂ’gﬁe&*ﬁf‘éi i deggrmine one or
mof o &&?@étex‘is‘%&?%ﬁfth%fﬁﬂsmfenfsitg?ﬁdea‘{]h@ﬁl%hpéﬁd fle QW d2EL &Fond

and generate an at | east secon ensity nmeasurenent o
detdisy hbaseecrphiase flow fromthe at |east second

vi brational frequency response of the at | east

secontgihoddebmpasuring ey enararigasissodesraephaye tlew i grovided
et o 00 bR o R BB Pl Py RAS et rspepse from

a viltatoy floRambtes &cRBEhtAS RStk dRAS Wi RRBRenfo M hRde pBkse flow
nmeasuri ng flow characteristics of a three phase flow

using aplinol fregunae componenttod thereibratiosal iesponsThandngsnitaging at least a
se PP MRS HERGH T LS BRRAgR SR Geridryepond frequency
coﬁ?@ﬁéﬁt%ﬁ[&t viBfatioh8l Iteg‘}%d’t%e.p @ &t febé’c"%’eb'?ﬂd‘ﬂe%\efnb{] %Bréqﬁgnent

equency conponent of the vibrational response,
cogpnsesadt dififpratt ftegastcyathse denfirstfragudngy wempunente Atheahethod further
the three phase fl ow usipng at |east. a secaond. frequency
COMPRPERSEIHRINE AT @a%@if&%&l%@%ﬂ% fropm Ehegfirst §%{§tty
q [ di fferent
meA§GRAGN] 5@%%@@%@4&??@{&@& s tferndt,

requency requency conponent. The

met RoghefHodt e mea Qg 865 cHathetehiktidsngf atheeeqthas®rlewfik @vovided
characteristics fromthe first density neasurenent and
acqai@ingtto [theaigy ertearo nbha@athod \compaisay eeiving Al vHyatigwnl response

G 3} SoNGsco L eBRAoRG EThe FnbaBesn A AR Frdgy fment of
thCOPRY AHRES fIbRCROMItRE fisst Witrtiondl PEpbh@N ahd LesRaMsLarttdcast
an at | east second vi brational response, generating a

sedandstensigngictsurementinfehe Hircophash dlovhfrem thhas keatl sevorid vibrational
the first vi bﬁ@ti onal response,. agldfr enerati ng an at .
frequenay resnosng {BR &S F?Stﬁﬁ BRERONY Y e N FERO S ALBPIISCS @

diffdrBNY FERIhL ﬁlaﬁtth&% BAT Vit RGN f%hﬁé&?!r@ s§.r AYRRMYOA further
response. e at least second vibrational frequency
com@sipandatcroaningi se orandte fifoav elniradtedgios fioyn theafirst density
first vibrational frequency response. The nethod
MERFHCHEAt dhiheias 3siheetlerisHy BrsUSISbr e 1 ow
characteristics fromthe first density nmeasurenent and
the at | east second density neasurenent. Aspects of

the Invention Aspects of the Invention

In one aspect of the vibratory flow meter, the meter electronics is further
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.

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 one aspect of the vibratory flow neter, the neter
el ectronics is further configured to receive
w@e@detap4ri ned conponent densities for each of P€T®ES2007/074711
three conponents of the three phase flow. |n another
aspect of the vibratory.flow neter, the neter
ol ol YBirnosher aspagt Phie ABRIATg GIOSUTEISTy GEETBIng the one or more
o e eSS BV A5l 0 ot e
thraaphiverfl@spect of the vibratory flow nmeter,
determ ning the one or nore flow characteristics
f ur thEet BOMST aspest gEtheribriataiy fomagistory detenyngithe oy ehmore
of Jthe.thr c onen 0 h hree phase Ll n yet
ﬂogvn%liaﬁactérlst%g gt%r%”b cpﬁié)tr%?soéeéé%l}%g}nfgl aOWVa'%E?%tro,ff tilg Wired pl)fase flow.

er as

det @ (btindehdr RSpROBT e ViBratrly IO Mlded A6k af ieabt seSond frequency
further conprises determning a gas void fraction

coin@umntas subistantinlle supeiagposet ow.the firsy étequenstyrrampespeict
of the vibratory fl net er, term ni one or
mor &2 ¥ $t ng?éﬁélxﬁcéPfV@‘IFiVé‘%m%W é‘fmé’rrtﬁﬁeptﬂqgﬁégeﬁequency component

and &I R 43t &oRd %ﬁﬁéncﬁ%nﬁon&ﬁ@o&m 8EsuPb@fBally Q¥rnAM times in the
yet anot her aspect of the vibratory flow neter, the at

villretaatal sesponst. f r equency conponent is substantially
superi nposed on the first frequency conponent. In yet

anot/h¥¢t HOHE pSRACt phihew Bty eV MgtET b dpeterglectrqricstis further
COIE% %%9& REYibERERANG R Q%gp‘fg)w flg% P%/S? g]%@%e:‘tﬁcg%‘a \Ii]SI%Peut(ﬁQ Weter

onent occur at su te tines in

asdehtbly abdradt [ondkedoddFugmencyl, Withethe ablakeiecasPReGuedty bbRig a
_vibratory flow neter, the neter electronics is further
dif¢eant fgeauency tapithe s ficqeeneyt eaccredbppibyatinabresperse from the

. frequency and vibh e the.neter assenpl at

pig ARG oM Pl ls ke y oV TR Fe B3R PR be HradBs@ioncy component

and FIRAHEERY sRBhA Freduétidyl @n®ftnchf. equency than the first
frequency, receive the vibrational response fromthe

pi ckofét aetvoaspecantithsepbnatirg flomemetdoy the inmater ele@wmaessie further
into the first frequenc onpopent. and the at |eas )
couflghiITa YUIE M MEBREOREINY o) hipedrednEiHerecaypaRt v brational
resﬁ)Bﬁse\’frg’t&laﬁBQP%kgfﬁghﬁg,%g b aBBhE VitRhSall AR 1ii7se' ifito the first
urther configured to vibrate the neter assehbly at a
frefjuersty dongmpmentcand the aeledst sebendvirbyuahtcy nampoegpowberefn thnfirst

the pickoff sensors, and separate the vibrational
fregg@rw@@qpqqlpgt arilthe pt lepst second frequency component are generated by the

vibration at the first frequency.

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

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
configured to receive predetermined component densities for each of the three

components of the three phase flow.
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frequency conponent and the at |east second frequency
conponent, wherein the first frequency conponent and

w0 b@oat74be£ast second frequency conponent are gROBUS100T074711
by the vibration at the first frequency. In yet

anot her aspect of. the_vibratory flom1neteé, recei ving :
t he T PRRAEY B5RSF A b BIRERORLHQW dRetelinsiens dac RssisHg hgtem is

furki® ¥hR %ﬁfeh o5 %cgé%}?@ﬁgrg%iﬁé&é %ér%g o&'s{)ﬁﬁd {AIGAUORENch of the three

conponent and t requency conponent.
compoy&its afthichkrecpbpactiowf the vibratory flow neter,

recei ving the vibrational response further conprises

fi | teyetapothes agpast af thervabrafass ploms metas spsteiRe d¢tprgining the one or

frequenc mponen nd the at | second fre n
o AR R At S oo Tl GBS R FRIBERen of ehe
thre¥ 86:2FbndMEo PRGBS ipRskeSSvem i s further configured to
recei ve predeterm ned conponent densities for each of

t he In fetemotwpeprsh o6 thefvibiatory Mlomemgeteasestéinpdetermining the one or
anqt her, aspect. of. t.he vi brato fl.ow meter systen
i SRS R G clbiPhr i Bt s Barlin (OFF) of
ththgdeiecerpgd speed of sound val ues for each of the
three conponents of the three phase flow. In yet
anofihget aopec hismict bhhewiilmatdrp flow meter sedtem, dgtstreiming the one or
determ ning the qne or nore flow characteristics
marg floperhagasigristise gur&eetr SPPRISHydGIeraRB I R waich fut 9fdhe dyegphase
the three conponents of the three phase flow In
yét anot her aspect of the vibratory flow neter system

det @i fetindehdr Aspcenef e vibmeory Iflow sles 3gdteml el fast vibratory flow
further conprises determning a gas_vold fraction
meteFyitgated laba finstdecqppaesetor gearate eyiast whetivan! raspnmee and the at

of the vibratory flow nete tem_.determni t he
teadl i MG o sl For bl LA F o gy o
gefl@hRItAE Bi 188t 3cViHdBibkbnM reffimsé.hr ee phase flow In

yet another aspect of the vibratory flow neter system

t he I bne tispeicboiatho myethiodshareethodi ferthetrommeteathesprelimgitary step of
frequency to.generate the first. vibyational response
rocafiig AEPKIoT PG COMROBE B TOINS AU O 1 (BRSO Mments of the
ﬂ“¥%gﬁﬁ& Wt an at | east second frequency to generate
t at | east second vibrational response.
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
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
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.
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In one aspect of the nmethod, the nethod further

conprises the prelimnary step of receiving
w@e@detap4ri ned conponent densities for each of P€T®ES2007/074711

three conponents of the thrgee phase flow. |n another

aspect of the netho t he thod fuyrther conprises t

pr el m&?awyleé@éqf%f)g ih@éa‘?tbgﬁgtnﬁ ?%%gf%ﬂﬁ@ww%%@at %R(P the at
e Pt R SRR Qlechi B SR ARTRRAENE Pufh 1%,
vitdeti @alriresipogset he one or nore flow characteristics

further conprises determ ning phase fractions for each

of fh¥ctanogier asgsoAbhednehod Hecaikingdhg Mbsaiqnabigspense further

..anot her as f e had etermni n n

colBhin @B R Kbl oL R psely PBGuPlelEd AR Muency
and ﬁhﬁ{dmvﬁbraﬂn%atmaﬁeﬁépaﬁeﬁlbgﬁ&ﬂ @t (E¥Fechd FRGuédtye®ith the at

phase flow. Tn yet another aspect of the method, o
leadiesaspnd ficagenchdeorgen diffenentdraquoneycthan dut lerst &equacy, receiving the

A SRS 5 3 L TLOATE B RIS S B LSS
vitﬁ&ti&rﬁaﬁi‘%sgéﬁ&oiﬁﬂ) fhe %%kﬁ?@ﬁeﬁ@}@&ﬁﬁ&en‘t and sk Akt &lcbid

superi nposed on the frrequency conponent.In yet
fregnatdyerongspent of the method, the first frequency
conponent and the af |eas econd. frequency conponent
diss eamcr a1 hy Tasehe. P

occ Ya&a@ espact 9 ‘{hy methad,fsedving tae vibratiqnal response further
ol 0y PR B SRR B3RS B 8 e

rede®pg teedbatibhaltrefihnde MehepicheFepioys of tht Meety d3s@hblyy and
flow neter at a first frequency and further vibrating
sepagetingethe vikragend Irgs panseintathel fadisfreagisaen domperné ga¢ the at least

seqtpl By S rePna RS ERE R RO Gt TR a e
sedtn@ fAGueA®) carRiSHRAB SreldeRBraRIdCiNOfhe HIRAEEH &t B firferdRlcaEy.

assenbly, "and separating the vibrational response into
t he I yetstnothes gsipave 91 hermpethedtreemuinglibe atbratemst respemedurther

ComBE RO CPTBERE Do OLiongh e (e BRb Reaufisstdhgmonent and the
at %?&%&mﬁgi%@%?‘%g?n%mt er assenmbly of the vibratory

ow net er r'equency,
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
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
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
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receiving the vibrational response from pickoff
sensors of the neter assenbly, and separating the

wao dwatidonal response into the first frequencyPCT/US2007/074711
conponent and the at | east second frequency conponent,

wherei n the first frequer copponent and the at. | east
se aﬁlarafl%aaaw%%ﬁﬁ% ﬁéﬂffgrgmeﬁg@wgm@@ B %Mewbratlonal
res§59§e‘?‘ti on at the first frequency. In yet another
spect of the nethod, receiving the vibrational
response further cobgcripeibnseiithediandnghe vi brati onal
res%onse into the first frequency conponent and the at
| eadTGsbelms ¢ fleguagey cedrponemt flow majertassgipblyand meter
eleaggl%ct of the nethod, receiving the vibrational
+ ngfse further conprises filtering the vibrational
r espoase id Nflewkhet bf & slethdfy eReYuESMeRehhraidistiboRd three
| east second frequency conponent. In yet another
phasspiéaw aodording toren leotbodieeniof ithgyinvhetian. br at i onal
res se further .conprises receivi the firs
i DI CT AN SEpHE o s it FPmcitsAY Al lsasteicspnd
frefiiehdy e ebiBto deerAbodifRAL oSBE WEnkbRY at i onal response
froma second vibratory flow neter, with the at | east
secdhd. 4shovet dandlof n optomsef theithtpea tdink feemebibcks according to an
frequency than the first vviibbrraattiioonnaall

en}bpé%%ﬁggfﬁw@é(%@qn-ln yet another aspect of the
met , s EECcel Vi [ hQF four -
e b
thd ink/&itidn, equency to generate the first vibrational

res%onse and vibrating at |east a second vibratory
f | oWléred shovws thereitgpitnyets weserabngl a frddirsveyc andyriegshp eecond

frthe at | east econd%v'.bra{i tal. re Bonse, with the at
NS s OIS, PP Tt PLA R dwelBBR 2 ai't £ er ent
f r eGUENT ¥hdhah vtm@tog 16 MbtRF @fsk@N Fbr HBSRBAS Flow characteristics of

Description of the awings FI'G 1 shows a flow neter
a thieaphisi g acfédrdwgre taerenawslambhtyofahel inveheon.

ele opics, FIG 2.is flowchart .of .a nethod far
read ot he T MaweBiaphe fusthed REGRGrTY APuaTBRRLE P9 a three
phg_ﬁ%\g 'aE‘&erﬁ’itg%B aﬁ'éﬁ%ﬂ%éﬁt thd ﬂl‘%z]gﬁt'i"&?.”t lon. FIG 3
shows circul fry for generating a first frequency and
at |l east a second frequency according to an enbodi nent
of the invention, . Lo .
Detailed Description of the Invention
FIGS. 1-8 and the following description depict specific examples to teach those
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
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.
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
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FIG 4 shows detail of a portion of the Hubert

transf orm bl ocks according to an enbodi nent of the
wopooefotidon. FIG 5 is a block diagram of the apel/ysio97/074711

bl ock according to an enboddnent of the invention.

FIG. 6 ows the r try for generat first .
ratF»r\éQi%‘ﬁ “é??éeaé?taﬁlé%gga% fﬁ%oﬁ%al%ﬁaéwe%rgﬁo@e&%ﬁmm&ver a
co Lﬁf’&?l%h'ﬁﬁp‘f 28f Ittsﬁgul'drb\éea@k?]%ﬂt tofthRe i(lﬁ&f’ﬁfth@ art that the present

0 or ow

vibratory W neter syst measuri ng

imehaoachiebe atddcia 2l tapd bf Ceriplatiewhaw wgeaaias og tHeonmiber of
enbodi nent of the |nvent| on. FIG 8 is a flowhart of
drlaelifreplﬁbwff wsosadowicey mlt%wr Heatnseating wede of wibragionh de addition,

it S?l éietze 1§50 grﬁé&%cp tﬁjﬁ% tglglis A p Sgc&%ga?%ﬁatlg%lﬁ&cg%%prlsrq aﬁlla_gtory

deﬂ.sj@n%ﬁ@{‘-the follow ng description depict specific
exanples to teach those skilled in the art how to nake
and The dlavhmetsastsenidg 16finglhdesi apaanof BangerdO1ahd 101", manifolds

102 R ERT, B AL AR AHSEGECH e s Pl PG 1g ana

10§B0%e§iﬁv|e{ ol | hﬂld Eﬂé%léﬁ Bfﬂ@ehiorél@(% 8k 209 aY@EérﬁfebféGSto the flow
fromthese exanples that fall within the scope of

conduisntli3dnandTHi3de skilled in the art will appreci at_e
RIS SRTR L L SR TR
me}tn'i%fcﬁ l'(ﬁrhnd 2ace[net§éjé xeagkgs}gﬂb\égtgghgéq?f DS (56“ Tﬁegiipacer 106

e Specific exanp

mdif@inglteé sFacathdtwed theghani&Jlent G2 arkd (82" I Sﬁi@v\fﬁo clerwndesired
nmeter 5 conprising a flow neter assenbly 10 and neter

vitspiéensriprihe oparonthies hiteenel 828+ Yhansthe @]Q%H@Eﬁﬁ peenddy 10 is

| ead
insefled 1o Peanpyt SRITRorba¥hR Bt GrdrOu Rl Fatgriat pping
mcASSH ! the ﬂmsﬁlafelrﬁ%ﬁ%ﬁ, th¥ ﬂlowme{ek aWehMIe 10 tigbabh aRKlange 101,

mass flow, tenperature, and other information over a
passcnﬂmnugiatheonlepmahlfam 102t whére wheltoed aarprpmrc ehflowonatkosgkis

illed in art that e pr nt| n be .
dirgee § Fsh e o 0ol FEW. operihituigh e B8y sgnduics
10818 Bl{'@@gan‘afbagf( iYt6"tRe O@ﬂéfifn fold"?@? o%/ﬁere lli Q}Yi’ts the meter

conduits, or the operati ng rm \ ation.
asseddily il Othrough dteofldngeli®1t. ecogni zed that the fl ow met er
5 can alternativel )3( conprise a vibratory densitonete

The tlow conduits 103A and 103B are selected and appropriately mounted to the
inlet manifold 102 and to the outlet manifold 102' so as to have substantially the same
mass distribution, moments of inertia, and elastic modules about the bending axes
W--W and W'--W' respectively. The flow conduits 103A and 103B extend outwardly
from the manifolds 102 and 102’ in an essentially parallel fashion.

The flow conduits 103A and 103B are driven by the driver 104 in opposite
directions about the respective bending axes W and W' and at what is termed the first
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
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.
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The flow neter assenbly 10 includes a pair of flanges

101 and 101', manifolds 102 and 102', a driver 104,
W@R@RAOMP4 sensors 105- 105", and fl ow conduits ROBBSZNT074711

103B. The driver 104 and the pick-off sensors 105 and

105' are connected to the flow condujts 103A and 103B.
The The %@%@'1%@%@01% geerate p driye g1gngl %tweprﬁgﬁp%ma

o T reSn 0r e, (! (helRga 20 W SRACPRS frogpencics
incl@@ingatndragims multépls pagdringpdet] iegueidies. mani f ol ds 102
and 102' in order to prevent undesired vibrations in

t he ThE dogteloerandcsifBikeaings Iamsey; sighdh of e lepdind heangt 111,
o BRSSP PR A A D TR TAgh ag i

catifR€ td @ivaranend sbcinntt e bW ohligis NI Lan@30SBD e Hebter
through the flange 101, passes through the inlet

cleetinnico P8 pra@ssesehe leftand raghd Iveloetmvignets fromwhemickrafabensors 105
i i.rected to enter the.flow conduits 103A and 103B, .

and Q8 SF G B RO R T CAIGH P T DESRTIHIISOSE PAHi2p Bl ides an

ingubRd b %ugiﬂﬁ hRbndBat £ HedneteMOIREROdiLs 8t BitdrPRe with an
neter assenbly 10 through the flange 101'. The fl ow

opecatutwr tvathl@tBér encrdi3 Bysaeres.s€he desedipaionl oA ppG opisi beidgd merely

mounted to the inlet ni fol.d 102 and to.the outlet . .
s R ATHBPlS Of Be ORGSATAN plgp ﬁaveilfs Opwnsicr and {p noféntengpd to limit the

tedCH |°q4tﬁéfglie|9§4titiﬁ%h (ypents of inertia, and elastic

es abou endi ng axes W-Wand W-W

I es pakahtgbyuslyl A ail dtdavise idgidrey aBktor dlobOdBteex E8Ndbcurately
outwardly fromthe mani folds 102 and 102" in an
meagwesienshy 9f phred phase flgshwbere tirpamppaipicpva@iiedinigat
and. 103B are.dri.vven by the driver 104,{n,0ppaosi
xRt e b ReBren dndtrb s artnl uBER L A s o
freaﬁ&m@ztofﬂmﬁtatl g ti?l? of BfcRétet bt drb elséurﬁwre@% RBasRnReRirdeh the
e

node o ' ow neter 5. The driver 4 may conprise
prasaeceod! mmaktiphegsl fllowkn olinesatwarhermeteristicsare hdusntagammglyetmployed
nmounted to the flow condujt .103A apnd an opposi.ng coi l
to RUARER 3 TF O dSRaTNE LSBT OAR & P8 aT RN en
I'S sed 1 RoREBL b6 oPR P&%ﬂl&g%ﬁ %égsﬁl‘?né:ﬁH%%h]Qfgctbristics ofa
conduits to oscillate. A suitable drive signal Is
thrap phased1dw atdvedingtte an ehdbotdimerted tixOinventidre larstape201] dénsities are

via the lead 110. The neter electronics 20 can generate
recgived; fopeaghg{dhe diregpiase gerweneHed The depmiesycompiseipopn or

as h?e%“%%séifh%%n%ﬁ@? La e pecgﬁfieéf ?ro‘?ﬁ g?éﬂlot%td&%reyoir #bm an

requenci
operator, for example. The densities can be stored or programmed into an appropriate

storage.

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
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.



10

15

20

25

30

i ncludi ng generating nultiple superinposed

frequencies. The neter electronics 20 recei ves sensor
wa@aalmIon the | eads 111 and 111', respecti veb@T/uI1ve7/074711

nmeter electronics 20 produdes a drive signal on the

| ead 110 ich causes the driver, K 104 to oscill at he
fl 0$P B aévgpémm’sﬂﬂeaﬁ@w ToRiel asveiblyat aforaied et p éwgff‘sérztﬁ
. | ' ' WeTe t. .
rGh R8T BB pR0Mk 500 LR B Y ABLA O Ruain
thofisss frbfwonicy @bmpohbre andramanleat dceond dchudfeypompodest, anthe
_input and an output neans that allows the neter )
vitspigen ploihie daetopssemblytad thagiaglgidriyedrewypesyagasringncanpliple
t her el ectrani tegs. The.d ripti ofy Fl 1.1
b Bt B Palolh TR MBI FRRR & a7 ol Growgh' e fow
mde@ Wil drath vitWai®h B theTbw mef@lasdoitndesh hidlchdt Rbdonldequency.

teaching of the present invention. Advant a&eeousl Y,
Thasvatiltasb besohdwreknepyeroayponich wilbrypidallywerpedighesent dtequency than

oSt BT AR by ol GReBlER T MRS
res§9ﬁé’ee&/ﬁ%ﬁ/couli‘é&5b b &I YRREN iﬁ%hﬁﬂ?u@efﬁaﬁ\ﬂ?é ﬁ@bh@q%é‘ﬁey

ccurately neasure a frequency of vibration of the
compbeentb lovarver, ¢his untrastestcoyd fdgludnicprampenemtreanibe antpdified and

otl%%\gfsggﬁgqqgénggﬁ{e;&gta ‘Zigpafé{ﬂ%\égggqu}gqnh 6935 é(,t%ﬁ\[ggg%@ldt the at least second
ISR HBTs i b AL D98 SR Ly bty

f or reastbéd digbddiment ey Aew endtsit ascembly @f thBk@gldfés eneter is

flow according to an enbodi ment of the invention. In
vitgated ape firstglsiveifrqapenat and is @dsionabiratesk at@ac legst sogend Hriwe

hase nponent s. The .densities .co i.se known o
e 080 G T et Serpdd R PERLL RS IR R BRI ey g ghe i
drik 8 Rl BerdSV IFeR cRAmbIe0 Reais PNV Atreiuent P ca® B&ABOR - 100Hertz (Hz) and
densitieS can be stored or programmed into an
theagpponpdiiat Eegrancagen be pbeutef$ 0202, ltspeeld tofursiomtebd that these
val.ues are received for each of the three.phase .. .
AriE SERERES, Ar Rt ot Bt ST vl g MR Saokfgnifed to any
paﬂfcuﬁ?%ﬁ%?reéﬁ&ﬁt‘?@s: ﬂ_g'l?bugﬁ’ b€ gm@érst%?ﬂ@ﬁat\fﬁé UEs1eCAbraltity flow
received froma renote device or froman opérator, for
megoranpy eccdlocbesqadibrhtad fos botitthe dlrsedrivesitequensy amdtheait least second

praogramred into an appropriate storage. |n step 203, a,.
dripe Sigdnenceyr Thesangle yitsatory {pwraetsr (raybswgatiptagsd ysdng both air and

WaYé.rPfozilteggmp@l y a

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
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 a result, 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
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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single vibratory flow neter is required according to
this enbodi nent of the invention. The flow neter
w@e@emidys can be vibrated at one or nore frequr€UBROT/074711
one enbodi ment the flow metuer assenbly is vibrated at
a singl fre The, single drive fre
can &R r2§ b rabrotienal repaare lrsé%%f’g\’f‘sdeg?l??é aEal YiRtory flow
f
e oS E SARO LA e AR B B8y fhent and the a
leassseohd Yreghiericheosipogblt. diticvi 1éasespcond Yreqaxfndymd)uqmnent is a
,nulti | e frequency response conponents. For exanp
diffgraidrequenex thapyhd figi1 lteﬁldwgrpomf@nﬁnbvﬁ Qrexampig, |the at least second
ale V|br lon in th ter t
refLGRY olleiEhd PRl bE i TR RETR AR rBhudhy,
Coﬁﬁﬂﬁgﬁent wi | typlcally be a different frequency than
e drive frequency. This at |east second frequency
C omb@sltep 2065 the vebrafignar¢sponsc is@spenswl taidbitaio thabist requency

in a tude than the f rst fre
CO@B%@?&@H? TR ks o o s P &bt i prot ST e comprise
RlyiG8RoRE r @sgsehéef in€StRNH O DRI S @oﬂ%%&ﬁ 284 the at least
Th Irst vibrati frequency response and the at
sedoadsteqrecancbrzpdoreat. i Bmpm‘ceﬂmgamycarmmrﬂi&:rmgnhe vibrational

subsequently be processed in steps bel ow.
respRBICHEFO BsHHE Thehency FRMpPRRRt ﬁ%@e geaéhiﬁcyneffreﬂﬂewy

ive
CO¢1ggﬁgﬁé%ﬁgﬁgﬁﬁgglP%%&U?%@g?gdﬁkﬂééﬁf5%ﬁ?@ést second
dri e stfe? 29uentyst ddhgtyaheds@agher &F titdthédd ptisé fleguie peyerated.
is a different frequency than the first drive

The fesfudensiy nresurengnipls generawdiisiyza Grst {requensyenizgd &m the first
ﬁebe abQ%} %ponkbrtz (Hz) and the second drive frequency
R\ gﬂ’oﬂi’? 450 Hz. It should be understood that

t hesesidp e, 4iNeaveReddde RhSitgheaurb@ent df tHS tHrad hRake flow is
only and the invention is not limted to any

gepanteidc Jharat thaswwmceqﬂemlm@suﬂern@h csugeailetaeedJMIeg 81t oblgast
that. the sin brator]%/q{rlowrreter

nee ﬁ
seqogfl RaNFRR PERC BbloR™REoTd Fequcary §amppR ?é;prawaui Kdiscussed,
theaét 1&2%9%00%3?{%39%@6&' i¥8 di ({) ERHEREYyen 9?11 | {hg |fff’st‘ﬂegﬁ1@ﬁ8f y

[ ow neter e "cal i brated using air and water,
Cofneﬂqunﬂmﬂue to vibratien efithedhive phasd ﬂ@wfrhamtlaii&it different frequen01es
assenbl rated at the first drive fre%{eenc and

ang Hgresyl %IIP&éOWPrqSélé’élfty§@°@6‘iﬁc§5@r4lwsﬁlpé&’Gkﬂ’f@y firgt densjig

|
U ARLEATL A el SEORPA e SRR Y rnce
cait B€udd otdetrinige étnqeﬂﬂswcb‘hamebrishes.at | east second

dri¥e fre%uency (a drive signal can

n step 208, one or more flow characteristics are determined from a difference
between the first and second density measurements (see discussion below). The first
and second density measurements can be used to determine a gas fraction and first and
second liquid fractions of the three phase flow. For example, for a three phase flow
comprising oilfield production, the first and second density measurements can be used
to determine a gas void fraction (GVF) and a water cut of the three phase flow.

Once the three phase fractions are known, they can be multiplied by a volume

flow rate to determine the volume of water and the volume of oil that are being
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therefore conprise a conposite of two or nore drive
frequencies). As a result, a vibrational response of

w0 b@ofokams net er i ncludes at | east two conponenPCT/US2007/074711
frequencies. In aII of the 1above enbodi nents, the
S | e vibrator oduces both a first

perus %tf%%mﬁlﬁeé% 90? ABROBGT raAss oA RIGCaRssideulated by
liphatd @ REHSRRIE f { i I onal

il Bl B0 brbL AR ﬁ%"@‘é@ﬁb SobisEn .

f r eqheréfgcts s pansempassibilivg end éinid yorherepyibities BeCotislis meters
the steps below. In step 204, the vibrational response
anqi é’lhfétéf(ﬁ tpbeg depgipnaiers shqaﬁ@ b@erx/mw%tg@?ﬁyi fGanpreatibifity qaelead to

s1g611 a%% nr%lln gl%\lﬁl%ng ur(?naq%ntts gogn G ?Feg%uogntgl)e/ Co%}é%ﬁ%ﬁ{mty of the

ﬂoMaﬁtfrlal e’ﬂﬁé c&ﬁ?ﬁé@zﬁbﬂi‘cﬁ BEFES ¥ait BEBARBA by ithe AibddtfdnesRAs flow
frequency than the first frequency conponent. For

megxrarpleeein aggrestivd ehstiosaan vduse equensyorceipsh ént liged and the

oS BBenant e ATt DR ThLe o Sromtntorndp PR AUSIEY i e

a? Ogessed to obtain the first frequency conponent and
he at |east second frequency component. The
pr odésséamgpresebitiongplifécs és separatd stgnd bftheiabsumbptamalthat have been

respons into the first freque cy C onent and the at
madg 48 thesdr bt on PEGIAIOPS EFrpRT *nigp CIY YIRS Tt is

kn??zﬁ?]?ét etbls AR b Ry WBGe eﬁﬁ@#yﬁ#@%@{ll@%% exhidid Béége

requency conponén |'east secon

phéfi@neRneya W&ﬁ&ﬁl@ncﬁﬂﬁﬁ Astet By dedbn WSk plilce hanetpasses on the
filters, for exang) In step 206, a first density
ﬂowemgtﬁ@imﬁs agesulth dow ﬁrﬁé@ewafsbrafqrm\ﬂwsn@tqﬁ% pxarbgmativye

f t f
coppSUEREY Tols¥: UEA el s v P I CoTLEh Bl dsfpbaRhow meters
will bl @R forcad oh @RsfloR n@a&@x@mnd%ﬁ@éqmeﬂwwn 8X@ AR

the three phase flow is generated. The at” | east second

conlpnsskion omedkphrasereomppsergenta tireephase dlpvanTlag corppressibility effect
e B GRS kab o LSRR A SRS b et
geR&aRNA rfaflsﬂéi‘%@é)}%nbe% Ebtf i rﬁlr\lin hERIERE bié“(?d?nnﬁxjégélblﬁt
i rst requenc Consequent ue to Vi ratu 0 t

cffetis ed @ramsi€ichtianoNtht ebmlresaibﬂdiyfeffmarttn the élopee phaseslow can be
and the resulting co%res& bility effects (see

usesl todesauRe BNSHGS, andpaasq fragtions 94 ithe, ok adnpashather Biees.

EI'E: I@lith]@ Tsé?e';dtﬁ o‘cf‘igﬁ)rpdjfoq TS éésyanraetﬁg W& 'ﬁ‘aﬂfd ﬁ’Halsés eg% kaerx/n and ifa

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

equations are shown below:
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can be used to determ ne other flow characteristics.

In step 208, one or nore flow characteristics are
waledoeorisped from a difference between the firsPCHOS2007/074711

second density neasurenent 95(see di scussi on bel ow).

The first and second density measurenents can be used

to djédzzérq)rimra@g)g@a?s fraction and first and second (1)

liquid fractions of the three phase flow. For exanple,

for RuPhred..pHase f2eM.conPi sing oilfield production(2

the first and second density nmeasurenents can be used

t o ehese thaneD A teyascarppidses palupetricElrye faetion anstte (eutterm

of the three phase flow. Once the three

¢ has ) )
compLises ¢rnsityy I hestvo @q}@yogsaﬁhebgv% 11(4-%1 & @VS%) mixture density

I f i )
(oryl g ok QM b Qb g b FiflGroky PO OhUAR oPlibhbR) A8 dneter
sydtémadaatidioion, thb eeagdtipoafstich RBEHohEMWp;ah &AL R&n be assumed.

cal cul ated by nultiplying the conponent volune flow
For gxamply, theg can hp srwited yrsisey or qnebeppagmed injagnd stored by

conpressj bilj and fluid. conpressipili in Coriolis.
ene PR SRS of of M Pl mGaNRier At s PG D Bt dafivalent
comPyR&itl BadhRHid BORRES St id ddsYehiBy {(Bafistast®indihdtfANSf pressure.
errors in flow measurenments due to the effects on the
Comsapendyl thersire ywotqudient hodvthra¢ enkaiwnsTée, , @, and ©
conpressibility effects can be caused by the vibration
cadf valhmefricophase fiactiomh exmitheraggress iswequirdst mtdrder todme able to
caLéise conpr essi on of. both the Iéqui d and the gas
solyRAQedCicAMPRBEHhTICP} ItighageP fieo@ld Powever ,
o b L : " . ’ ‘
T THESkPb ot Blr ARt ol (oL TheoThe Bt

pedssuaqiodhsgH frédudnay endi@edpomdag iimtHehgedate vatmntedinaf air. It was
equations for mass flow and density neasurenents., |t
foyng thathigh dieatcrayt v mgtem ganeratg unekpectedls dughndgpsity values when

. gener al dg not exhibit.these phenonena, as .a |ower .
airdE B ef Ptt e P By THOR SRR AR Bue Bt L guia
maRk@s EHéeﬂﬁiHQghf@taﬁﬂ &k defe. AHEWEWr! this @WxhEQEURREN is completely

Vi bratorg | ow neters exert smaller conpressibility

explomed dyche apacdrafsopiiswdel and. the nffeen of aemprdspigHey, wherein
frequen fl nmet er N ace higher.forces on th

onieh G RROGY P TRP SR SHseot s T PREEI i rorcases he

co@?f@ﬁi%ﬁﬁ&%’f‘fe@t@. q'h'elﬁ%‘?&&lsﬁ f é{g@fiel%eﬁm’t}ﬁﬁﬁg?%aﬁency flow

ow. The conpressibrility effect” creates bo
mdt¢reoraindredeng ivoyd factamsresult fowi bslastony effeavdummizeribration,
may be useful tq generate vibrational responses both

wherdip gah Bubhlenden't mexs Graplcsely ovgr Bediay fuidy

In contrast, it is well known that low frequency meters, such as flow meters

(i.e.,

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 one

flow meter can be used.



effects. A quantification of the conpressibility
effects on the three phase fl ow can be used to
walewenrisne densities and phase fractions of theCT/U8207/074711
among other things. If theispeeds of sound for the gas
and_the two. liquid phases are known, and.jf a densi.t
o ad i GRERRHATSOIOBE APHU Irh BB IR BVi Efuseg of sdund
[ ter itio
caR ot Sy A IR Bt B B o Bl g hree phase
¢ el can be drj.ye
Al it BB il Tha Ikt ol Dotk U dIRRES G e gL
standard dri ve node, for ex I and in a high
freqdency, mdRu ﬂheqbwwor+qgg£fa ed by differencing (3
thes%ktmém ensity peastrenmgnta’ can be used as the
m ssing third equation. A sof ut'ion to the three phase
flow pro ' Vi ird equation is
5 requi, | ed ment into three (4)
conponent s. Tﬁhﬂtﬂp nown fqgahijns are shown bel ow f

oil + f tery, % gas A (W% ig¥ Jr oil oil r water
water ' Bas gas t m'KVher & tié (F) term conprises a
ol ; . . '
(o ATEFA S8 I O O 3 BN IR acousi
ok BEEE RAPRE THRBA S| o Bt B SRyl o nc i
relaetes tisysjuera robhoddiiicso(K) dve nateesM)| @hivdelf@@bhip can then be

component (pOll, pwater, pgas) can be assuned. For
asatped to glyeanestimgted; figd stiEacyy Kavds whichyis aghiniaite due to the

m
r inte and stored by the nmeter electronics 20
10 CO%PR%%@ﬁg§%€§§%ﬁ%@‘systen1707 (see FIG 7) or other

equi val ent onent [ TT shoul d be noted that the gas
densh £ }aég%hnsm a g function of pressure. (5)
Consequent Ny D ther e \a¥e..t wo equations and three

unknowns Fo , Fwater , and Fgas (i.e., each volunetric
phase fracti g gsAnot her equation is required in order
bo tenalt ¥ g | au = M 5 127) ©)
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 (pnix), and the tube diameter (D).

M 0 {xl } n K e + Kﬂuid _Kﬂuid {xl } _ {0} 7
0 M suwid || X2 -K fluid K fuid || X2 0

K, +K, —oM —K
det tube Suid tube ﬂzld — O (8)
=K K g =0 M g

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



solve for the conmponent densities pOll
The source of the third equation was found by

pgas.

pwat er and

wo o@kiony94 nt o the density performance of hi gh PCEUySINTY74711

neters operating in the pragence of entrained air.
frequency flow neters generate
ensity val ues when air
r‘ m This is counter-intuitive,

id makes the fluid lighter and | ess
thls unexpected result

ﬂ theﬁsﬁped of sound node
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is injected
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and the effects

wherein entrained air lowers the (10)
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experien
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n-iamgli Etda thef
siGpér W&%w

good denS|ty estlnates

it
& ¥ha

This is also according to the

In

200

efsD: subh as fl ow

wher ei n gas bubbl es don't nove

)i

contrast, it is

(11)
Hz, produced very

spe®dB¥ sound theory, as a |ow frequency meter will

exert m ni nal

f1 oW (sSlQwey,, vi

and ‘| ess sl oshi ng.

whi ch has been validated on both | ow and hi

fr ed’\a@r@ﬁpmge)t addPoa) P sl chomeddenseresiat ¢ he
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required third equation starts with

eqeafloat i ons.

sound ( anx ) for the three phase flow that
operties ( a ,

on
and |aod; )
wat er P S

tube/ The
iS
pozlaozl

he i ndi vi dual

o

water

quepcy

conponent pr
X +
g The m xture speed
used t@mdeternVHawthe st #hdi ng

off a
pgasagas i

FF =

water

#or) |

P

.

ts pn a three phase
‘ €SS conpressi o(l2)

lﬁ§1nngM&hapé@dmpf sound t heory,

h
dreg eibfagion/mode
e us

TBeed & JRAG Y hnsicy

)

un

?%'dﬁ@e @ HN6wing matrix

he speed of sound

These equations define a m xture speed of

is based
awat er ,
il oil r ter
(ama ) can| be

Beoustic wave.in ar fl ow3)
aousti ¢ repandbng,

ve

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

oil

water

15

q)oil :

(

1

poil
1

1

pwater

1

1

p gas

poilaoil

7 |

pwaterawater

2

] 1
pgasaéas |

Equation (14) can be solved to determine the volume fractions @

-1

1

plow
f(pi’a’D’fvac)

(14)

gas ? q)water ’ and

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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related to the square root of stiffness (K) over mass

(M. This relationship can then be mani pul ated to give
warooestidpmt ed fluid stiffness (Kflnd), which iBCTHOB2007/074711

infinite due to the conpregs8ibility of the fluid. Kfl

ud=MIluid (6) Were Dis the inner dianeter of the

f 1 oW ut@lEng fryctiog 1 GEFFRguency of vibrati on. ThesélS)

results can then be inserted into an ei genval ue

probl em whi ch defings the refationsg p between the

hi ngterqueheWGJFi—ve—v%g&:t—hﬁﬁﬁx “&"speed of sound(16)
(a x), the mi xt ur & denls biy (15 ), "a t he tube
di aneter (D). Mube 0 O Mluid Were ( x ) is a flow

tube_ di spl acenent velocity and ( Jc ) is a_flow tube )
ac c &iséeagqugHoradidy and (o ntheRscieaeiin g8 oprigmBicest the gas void

e t fregue as fungti f e. .
L e R g A e S
aite @hs FAtSorBRer] Tsidenndabhd@d) bid {1, heRskt dan obtai
Se}équg%i %n: a=1J vgc :S%e ((?0; . St@wat er M Wﬁleor ealn o
estijteiod the wetes cuty T vibraserydfove oresardat flowhaetsosysténohthefefore
thesee@lguati ons results in the final third equation

doSHEM B DS CRRFRLT Q2IGHEEF BCESSh gh) and (piow) are the

Meagik @it fSitioh ©F tRL pitasPicBthpehét §raétiBhet drofir RS 804 to

at a low drive vi brat]%)on/ rmdg respectively, and
prapadatddijionad daagaosties. i examdples at ylavialcae be PensrateguthieddVF or

an_be added to the other t to produce the foll ow ng
Wirathier eserestnrggetermined t O\ﬁ)sater Pg Plow (13) 1 f(P

ca, RygYs %h&v@@ircuitr@é@b 54 ée)ne}[@ltn%ra flrst frequency and at least a second

frequency according to an embodiment of the invention. This embodiment is used with
a single 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.

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 second frequency component (i.e., a high frequency mode in some
embodiments). The filters 302A and 302B therefore create two separate processing
branches. More than two processing branches can be configured if desired, such as if
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
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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This matri x equation can then be inverted to the fina
form (14) Equation (14) can be solved to determ ne

wo b@owoidssre fractions Fgas , Fwater , and Fo .PCTUS2007/074711
general , a user of the flowwneter will want to know

t he wat er t and t qu fractjaon for the
t hr é‘és‘ﬂiﬁ% Fiiswnwrﬁﬂé '”ga%‘a 1t éranfih’@?@ Qﬂ%ﬂsetqlgéal Finite

B SR IO SRTBARGy 250t 15, ST

in a\@t(&:ress(ni@)ie\flc(v\at processirfg @uting of tHe gasr éleetréacs F0 blstheg
equations (1 )ﬁ and (16), the user can obtain an
precgssipgsysten 70 T@ﬁ%,e f;ﬂéﬁ:ra prcp\aé@ apAptimakmgthed fpphlferingpnd

dec?%a%lnig Ql?ea plgegfg rsgﬁ glyl [Q th% Iﬁt&l{lg afid %gglﬁbatlgléu g%ngo%erformed

at m%@hn@r&ﬂrdnlﬁa gicdll nﬁn@&ﬁr ataBe s 8hE abdinRkiod $hte MAllRrvdtiveRe the filters
water cut. The vibratory flow neter (or flow neter

302 4xsnd 02 Braangbomeisd é@ﬁmtﬂolmlvtdstewoascs@H&} filters waodrer suitable

. C ter... The deter at on.of t conponent )
it Bt U SRRy Ty ebdC Tt b s G b ffer ilering
pr@e@&g %ﬁ&/o? $iltefiRg eﬁfb@ﬁﬂﬁ&ts 2R RhaniBIsRA aRE aBeRRhAL tﬁg sédpe of the

WC val ues exceed predeterm ned threshol ds.
deﬁk@ﬁmﬁaﬁhmhﬁnerCU|try 300 for generating a first

an diBd ?h%tr”;?ar% oS04 h P BA A S RSB FRPEen By about
mﬁﬁ%%cu g—gt?%rtvtjre{ﬁrsﬁ}rﬁ{ Y4B %s@?hﬁﬁs "Mb ttlg'éf% el Rh8

S coupled to a s

frellﬁéi@%mmﬁlehh@ At atrky dédrosy. lTHieq5ha5e sﬂiﬁﬁqgcd)ﬁsi‘mdrf ¥enerates I
300 can conprise a portion of the neter electronics
ang@ companentst (- ve iy phaseendiquediatyry coupopeis cafrthe reeeetive

R Do) SRR SIS (R LI B i
caiBé pddéiBac ERFadNladtidrso fPhasdksiR AR hamdm3RPeration.

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 f 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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The filter 302A filters out the first frequency

conponent {i.e., a "low node" in sone enbodi nents)
wo et aes pi ckof f sensor 105/ 105" while the fiPCEUSBO2874711

filters out the at |east seeond frequency conponent

i.e., a high frequency node in sone epbodi nents). The

th@%?ﬁ%%f‘ée@é@és&ﬂaﬁﬁg SETPik A re choBalog R 1afgpirtipg than the

. 2SS t ' a
A B e OPATRS AR RPLA U9 A BRGS0 P AT ffr block
412 ipbrfairhonal degeqphaa dsftanehe mpuayédigitansigngl sample.

enbodi nent, the filteri ngocan conpri se band- pa

fi| tlaeithtpeeiermnsfam bloskné04mane e peeriucafl ?ﬂseaghase-shifted
vet IR Ehof LPo) sBITEES LneY Mindct adhiafaGRYQ) RfmBfent of

Nol
th. kihAIOTh-pledsB &l seadli TheBipat OP@eailRRstraRforBEblocks 304A and
ormed, such as anplification, buffering, etc. If

30¢Rdhsefso prosiidpyahe newmpninaira@) compdegmas BO @ hind PB) Qdkr the
TG A

coﬁ’lggﬁénté rRhOARG andhPicha! seé@lﬁﬁﬁbrﬁfoﬁgﬁleg%drﬂeé ome
e lters 302A and 2B conpri se

odi ments the node fi

di giThalingritnid the [HiheristeariRéspobleek G54 R)or 3oHBahade represented as:

decimation filters. The filters can be inplenented in

a pregessi pggdevi ce or processing routine of the netegy)

el ectronits 50 or the processing system 707. These

filters provide an optinmal nmethod for filtering and
Usdrertharddiibregt transfgrincthefdutmesoomes:gnal , with the

filtering and deci mati ng being perforned at the sane

chrqr@hl_lbogggﬁlsiﬁq’agp and at the same decimation rate. (1g)

Al ternafively, the filters 302A and 302B can conpri se

Infinite I nmpul se Response (HR) filters or other
Coshiniggitee ariginghicrms midrthe eptpui pf the Ihilbrrbgarsdornppigidser |

it should be understood that other filtering processes

and/or filtering epbodi ments are contenplated and are

Wi t Fﬁ@zﬁe[cg%fé?ﬁeﬂém(@‘?ﬂfcfeég(r ?pti on and clains. The (19

Hubert transform 304A phase shifts the first frequency

conmpeiients DylorR Aorith We e ARYEEHl0aI0d06RrHBBB dcording to an
transform 304B phases shifts the at |[east second

enfoodgpen oy twompantent e atabusts biocle8JoAegB6B redkirecsphageal from
o selpsbendRe) slemal o P e Dopoinenots Sor SRE T dpetboditen
sh(g\{/hlg?%?lg%x 51885};%188956% M’“@ﬂ% tcoﬁjhgét@ QW 2, HRERPRALBRCK 503,

ree phase
a complex multiplication block 504, a filter block 505, a phase angle block 506, a

constant block 507, and a division block 508.

The join block 501 receives both the in-phase (I) and quadrature (Q) components
of a particular vibrational response and passes them on. The conjugate block 502
performs a complex conjugate on the vibrational response and forms a negative of the
imaginary signal. The delay block 503 introduces a sampling delay into the analysis
block 306A or 306B and therefore selects a digital signal sample that is chronologically
older in time. This older digital signal sample is multiplied with the current digital
signal in the complex multiplication block 504. The complex multiplication block 504
multiplies the PO signal and the PO conjugate signal, implementing equation (20)
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can be performed by any manner of phase shift
nmechani sm or operation. The | and Q conponents are

w0 e@eiovags and processed by the anal ysis bl ocksp@GD680arar74711
306B. The processing produces the first frequency fA

”dqﬁ&ﬁi;er'f&‘%‘%% 30 Fapgmen Gasd e, TRDaChEGR Bltgpreviously
dlskaﬁss‘éae E1QF Bﬁ%gtS%Stclaﬁ cbhdpike g?ﬁg’rpg‘l s@ﬂglﬁlgﬁorﬁhltéﬁtﬁﬁg is used

second enS| he frequ cy a Ing t

to temv@ret Hapmohi: @@V@mtﬁ@geﬂmshs,pham}uamdqﬁardﬁmltdﬁ@)&%mponents of the
degree phase shift. The frequency in one enbodi nent
seripeB §igZhle a@WeH@g @ ée%méeet@ lignel. ghlee filver wfﬁ@@@i@ G@m A chosen to

proa}:f(lisgec %1%81’? of hferln 1$1§a1 S % gg%o &gﬁ{l%y éﬁtlofr bf Ilé for

exdhfRRU elﬂfé}pﬂaléw&qgl@ blo‘éﬁ¢0|69detﬁ?ﬁﬁrhd§€adphléﬂsé heslb ftohe th’éeiﬁq)hase (I) and
for any independent frequency reference signal.

quidretpue Ry comspaients ofebe Plosizndle Thiemhhse @Izledbl@lcbéoé hms@ments

B GRS LB o, PSS
sarggff%{e ©fdi@dePb} kR g?fastsﬁgwﬁlﬁl? @ﬂb tfo‘h‘?}g?f OTIE@ &b%?ﬁblock 5908

and 304B accordi'ng to an e nt of
peifomenthieahivision dpesatentad diqoaiin @Bawn, t he Huber t

transform bl ocks 304A and 304B each a del ay

bl odikc4ng yswﬁp%%%%vr G implements;t h%fﬁfwlagfquqfw@

del ay block 4 11 introduces sanpling del ays. The del ay

bl ock 4 1ltherefore selects digital signal sanples

thaU%@r%anpqnohogw%@rkM béﬁéL/ﬂgﬁﬂVﬂéﬂthan t he (20)

di gi tal S|gnal sampl es that are filtered in paralle

by the filter block 412. The filter block 412 perforns
Thg aggleelv e ihpacasepitive sampiasds thepefeted digital signal

sanpl e. The Hubert transform bl ocks 304A and 304B

produce 90 deg{eggl(g,hagg ;; ifted versions of the
pi c ket PEjans| , they produce a quadrature(l)
(Q conponent of°¥ & & idinal, in-phase (I) signal.

The out put of the Hubert transform bl ocks 304A and

whigB thé eddedrofrequeney bf 8f Hbfitioexy rasrmkat @bﬁvdrﬁ))l% to Hz:
conponents PO Q and PO Q for the first and at [ east

second Y |ﬁp responses along with the original,
i n-phH conmponents for the first and at (22)
Ieast second27f\/| br atl onal responses. The inputs to the

Hubert transform bl ock 304A or 304B can be represented
whase “TRO isfApaateoof{the Hilpeit)transform block 304A or 304B. In some

embodiments, “Fs” is about 2 kHz.

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
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 circuitry 300 therefore takes

advantage of noise in the flow system. Since small amounts of flow noise will stimulate
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Usi ng the Hubert transformthe output becones: POWbert

=Apo n(wt) (18) Conbining the original ternms with the
woripot740f t he Hubert transf ormyields: PO =ApPCT/US2007/074711

[cos(fitf) + isin( b*)] = ApoelLwt) (19) FIG 5 is a

B N—
o RIS ErnalB oG IeR Sitralyiser.

306 Bhisnmtthed eedactis meush bl tdrirgd digkestha highien nfldeskgnal (which is

501, a conpl ex conjugate block 502, a sanpling bl ock
nothang seiptowendeithal drive) Wélébp 8ha mw@éﬂo‘sgmamahmﬁﬁt Because the

apjgr(? kaatgg?egu cD Prgalﬁgngﬂ h%gmo glbr%lloﬁl%Efesﬁtgﬁsggigﬁown the

1owmmﬁﬁd@gtﬂbtta@egmﬁceﬁiﬁ ?ﬁdﬁbléﬂn) Iﬁaddlﬁuﬁdd@&wr%oﬁ@m is that
conmponent s of articular vibrational response and

begraise eﬁtheWﬂbmp ectbn Jd@gat}ernbamwnmzwlﬂiéﬁmudsnalswr as well.

R TL o hLE Sa L P B3 TR e
av&lag s A3 éa%ﬂl@sdé’f?&sth@ﬁ%%ﬁ%fc& RSeadBlefient H&sotak@r?place To this end,

l'ysis bl ock 306A or 3 and therefore selects
theda\@lret@hg §iltgné09 sanpleeadelmtt thesatdeasoperioad |fmqhb1ycy01hd3eden tn
time. This older digital sig sarrplels multiplie
IMpFQVR thi Begupics seteamdatien agd gﬁcﬁ}ce inQiser@dcinpt @ithe result.

8L AP0, Bl T RE. SOTpY LB

ch&eletigiadseo s tnl phasaﬂberraw@ﬂdﬁ@ t@cumaériﬂ@cmiﬁn%ﬁﬁ bethewivehkien. The
filter block 505 inplenents a_d gltal filter, such as
vitrpferyflrwmeteesystre Vg ua@,qudfzﬂauasfém ew. mateeSAjand et lggsorkecond

505 d t Ll

M03oRael 3Bt B AR aRlR L ABR TR AR B 4" p bk P YFe fow

me@é}g SAUALH 918 BoH e hRAsue@TRRBE PhsseTow ARt angﬁh dReondas 711.
well as to decimate the signal. The filter

The odfrhiory Elotvsmetgn systero W@Q e?nrthe;r 1pcladcsj@pw@cssm $yorenof707. The
the .i n ut te

ProggSSipg Y 2187@%%}?%6 iBe o RS Bt ot fstbidarha fcond
flo% RBRT 8B anﬂ{eeprgg %Q?sﬂe ’Fﬁ‘?ar%@el%%a find MHB%POC 0%96 from the

conponents of t [ The phase angl e
firstrfflve mendrs Aaapdrecenns af leeﬂmcmd (iBiationel @yponkbdrom the at least

const ant bl ock 507 supplies a factor conpri Si

Qv ete i Hhe/PrpsessHiE iespiV7 630 detevpne 3 fqﬁqﬁ&tms‘tm at least
a sggo%?d (%eygft‘y, el aﬁhﬁﬁngnﬂ§§§gg%teﬁ)%ﬁ£s? Eﬁré\h&s‘%} 188 and as

peration’o
dlscussed below in conjunction with FIG. 8.

FIG. 8 is a flowchart 800 of a method for measuring flow characteristics of a
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
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
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The anal ysis bl ock 306A or 306B inpl ements the

follow ng equation: 0 1)X 00 = Apoe J( t XxApoe t) =A2
w@o@9/011494 20) The angl e between two consecuti VRCHEAIOBE74711

is therefore: which is the2sadi an frequency of the

vi brati on respons Converting to :
viRrEd ik a@ﬁa%tﬁég ?Ctueflﬂé 5?4%%@@316%&seqonﬂovzﬂeaﬂonal
res{pE sone enbodi nents, "Fs" is about 2 kHz. FIG 6 shows

e circuitry 300 for generating a first frequency and
at ITeasdr mome@bmxfyrf&qw antyts aat be dinpipyied aacordinpadithignt
of the invention, nponents in comon w th other

H@ﬁﬁwrﬁeﬁ the @RanptEon, elf élméﬂfé e gudgrstoad thatimorg r?b@”uﬁ%mbratory flow

me%r]é }Cc 1 g cglgdegv pl’{"lg Spfon?%gﬁg) a Eesggns% St h%heiecrewed
MtlllhbféWlEﬁtlbﬁ@lQ‘eé/;ﬁﬁlsék dﬂn@@éﬂqﬂﬂ?&d LRPRAY FerthdrabTiidithe density and
si ngl e pickoff sensor 105/105 However, the single

flowi @razaagerystick gplendatiens.i n t hi s enbodl ment may be

;”hglitf %W(ﬁléﬁt ‘gl”m%%ﬂ%(f Q{ag Lhea[ng %%/ﬂt%rya‘rf rvg :lirgqtenrg Inic’u(:'\st operate on a

comBRAONRR pASe RHRWRUS], Mn%‘dﬁﬁi&sﬁf@ f1oW Str&drh Pilist bY aBMdut the
t her efore t akes advantage of noise In the flow system

saiBe posswert bacdinafithe snudfiple vobvatooy slewnmbkterst i mul at esensor

nodes, a self-induced hi her vi brati onal response._node
wi | I Bgp §Q€e@@éﬁﬁtewweﬁnil fICHRANgS PRGNS 4y degst segon Vibrational

resfﬁég%e% e&g 3ece Idifr(%@?lﬂes gps@ Iv}br%g}é ﬂ%f\é et%% e a% least sgecond

requir ter
vitghioee flbanbicg h€he amld@stseml vibiakibedl rbg)dﬂ@é c&mpﬁ@s a different
reinforced with a drive) will be at a much | ower

freaﬁmqytth@letheeér@ewbeatlonél ISPRATERI drerevippey lsﬂéw@wedange of
3 S, DB AL RO oAl SRR By Dnera. o

pr@q&jsq}b@fgcus@@@t her concern is that because of the | ower
anplitude, the density nmeasurement will be nmuch
noi $m etep §§6mﬂeast Asctandgleasity pwsurempoinafehe thres pbase flow is
accept abl e, %b‘ obl.em can be elim nated by

gengrate gzi‘SereWQH y ¥ after the frequency measurenent
has 1 @ﬂé? BoP! &f€or nhBrel s cﬁ&gcteflgt‘?csgg\f? Ha@inmhebifdih dgﬁgrence
can avefrage’ out the at |east secon requency | n order
betweennpe five ahd eedond gieasioymeadveememat dsrewndsly eliicaesed.
noi se and errors in the result. FIG 7 shows a
vibratory flow neter system 700 for nmeasuring flow
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characteristics of a three phase flow according to an
enbodi nent of the invention. The vibratory flow neter
weyEvenm4300 includes a first flow nmeter 5A andpPEr/Ubmaw074711
a second flow neter 5B. The4flow neters 5A and 5B are
connected . jn a conduit 7 11. The flow neters 5A and 5B
Whaihcldmedie a three phase flow that is flowing in the
conduit 7 11. The vibratory flow neter system 700
1. f ur thebratogl floie sneen(i5o fasseasyrisy Stomnehzdacteridies of a three phase
rocessi ng system 707 is caupled to the fir fl ow. .
ol DV B G S Sreker (52 SSPEIBREGHEISE o6t ) atsTudig pickoff
| N |
o AR I DU e RIecl B RA VAR Bublfitb (X FERRMTREors 105,
105 9awith ahsebonoryvildr atdton@l) beagpbasetdizodbihe at | east
second flow neter 5B. The praocessing system 707 can
det &rningier glegirprics hdemg comfiguessto Tacaiecdmibrafeans] fggponse
and addi t | T t gL Sidh previ !
di scusse o%ﬂ%ea%&go:’fg g%gégglgge’l Ig}v?/ ﬁ%e%%ﬁﬁeuanfg{slk géﬁ%lt trﬂeasurement
FI'G 8. bffhe tBrdephasé HlowaRald a BRQ firtuéndyRiongbnbar of the
measuring flow characteristics of a three phase flow
accor di nyitratien! egsponsergencrate af feast hsasand dansityrimeasapement of
801, den it%Fs re geceived forteach f.the three t of th
phase coﬁ% K Rhase Joy UNRGHFIst §S6eqdldienucnyy geigponent of the
802, spegthrfio@¥RBoNa, Uath tRE &t 8G8YGH fr8fuchaf Bodhonent being
the three phase conponents, as previously discussed.
In step 8@fferanf freqteney bhraattbe yirdtlfmgquardtyeconapwheat, ahd @stermine
a second vi brator w neter. are vibrated. The first

fl
vi br at or §1f ObioRe ey sharastastssien om the frdspsicy Baengpent and
and gene ' ' ' sponse. The at
| east se@%ﬁ§q$ﬁé%§?§?§%?$§@%ﬁ%9§?n§§vibrated at an at
| east second frequency and generates an at | east
second vi brati onal response. Two or nore vibratory )
2. 1| oWhgwileptory devwpacerp) sifedrincbovidh iy mefer pliegtronics (20) being

ion, houl be .un

fu ORI e e e YT o ForgR BT IOER R i the chee
compehétde df ardhfRBatdAGwt WO Vi brational responses can

be received. Miltiple vibrational responses can be

enpl oyed and may further refine the density and fl ow

3. nad SENETRYY TRRETGHD F i b o b gk oggra D) beine
furter@offi gﬁg‘gﬁ td Péc%ﬁle??@c?&erfrﬁiﬁ% Shc8Msohit RS foP RacH &€the three

flow st m nust be at about the
components of the three phase flow.

4. The vibratory flow meter (5) of claim 1, with determining the one or more flow
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

phase flow.
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same pressure at each of the nultiple vibratory flow

nmeters. In step 804, the first vibrational response
wa@paInkaIat | east second vi brational response BCEUS2007/074711

received fron1the first vihsatory flow nmeter and the

at ast seco d vi brat flom1neter The . at .| east
6. sec V\I}?rsm Wanetes §éa1€bhmt%é%tegmalmg félf:@ﬁl@ or more flow

chirEQHSRG rult gl ~Camifris 1521'@ ﬁéteﬁfhﬁﬁr@gg%%ﬂ@r P@éﬁﬁ@glglﬁs ?tﬁe;/se flow.

previously n step I rst
measur enent of the three phase flom1|s generated, as
previously discussed. In ste ,. at least a second

7. den&.h@yflbfém ﬁewem@teéﬁ)tqfélatlm bém;ghﬁ@@tﬂfraéwend frequency
7
R R e S e e

di fference between the first and second density
measurements, as previously discussed. Wat is clainmed
8. i s: The vibraiopy &iowrmeter 63 afetlam 1,5yitl dre fimeagequengy tompmonent and

e R RS eSSy e oS, BRSNSk, B Yimes i the
vilrAgb i Qgopickof f sensors (105, 105') and neter
el ectronics (20) coupled to the pickoff sensors (105,

105"), with the vibratory flow neter (5) being
char cterized by: the ter electro cs (20) bein
9. confliguiitsatory flopcwriss (53 oAy |.orish t e@%t@]h% C‘F‘?TBHS (?rﬁ)é being

ﬁm?ﬁe‘f %BBE &fb}? Sﬁ(g ??ﬁ)tr%té Q]?%m%&? % enﬂﬁ? ?%@}aﬁ g?’lﬁ%ﬂ fgesc#l.llegg Qﬁ& Yibrate the

nmeasur e ree ase

mdtéreganily (CoNmanetcaf sdcbﬁd vieQti@icyowah thesplemseecond frequency
generate at | east a second density neasurenent of the
bemlgrae@ffsm§ gefnawyibamgedirst emieney. geevritherabatineal response

o BGRB8 L RE AR BE yolto bl rhBa o the i
fregli@tyiomponBaraddae hi reﬁét seEQALREGIENEP BRRPBANt. and

eternmine one or nore flow characteristics fromthe
first density neasurenent and the at |east second

105y dhsNHTEOTHAOH Rt ﬁ@rﬁ%ﬁﬁ{\?@ﬁ r%ﬁ%@%vsle%?%é o) being
R S g Sy B T PR e e the
viirhti@enl pdspseesd fronv.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.

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
further comprising filtering the vibrational response into the first frequency component

and the at least second frequency component.
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3. The vibratory flow neter (5) of claiml1, with the
nmeter electronics (20) being further configured to

WO e@eiovaIpr edet er mi ned speed of sound val ues fPCT/E8207/074711
of the three conponents of 26he three phase flow 4.

The vibratory flow neter (5 f claiml1, wth .
Bdet é¥ H%Fﬂtﬂ@’ loves e %y.st%&é?% FosaPeHHE floM Saracioristios of a three
N ] o L . ;
S L R e L
5. THastwibraadgrijow hevereAgr (5) of claim1l, with
determ ning the one or _nore flow characteristics

f ur ehlepstaowpPRéVivgtaat Bewimetag(>8)gad voi d fraction
o Dol B LR QU S BEN b o

fl ow chagacitqedss tdcond vitirh floQMEics , SethethBiphddegsiAg system
wat er cut of the three ph??(;e flow 7.(5@he Vi b?lgtory R sy

f1 ow net €F07) Beingf conifigiradito regaive 2 Aiest aibrhearstl respoosedirom the
frequency. conpopent. bein tanti al | uperi npose

on_the. 1 TFE0 ABEN IR ME B SRBrCCe s et g g brational
flow met %sg()ége RomGh@hiMedst sWedud Fib@utdry idw heBGYSBE Yvith the at
conmponent and the at | east second freQuency component

occur ri nieaat sesubd vematialal yesponserheaigea tiffeesntifrequbecy than the first
Vi brationag response. 9. The vibpratory flow neter 1£?1)

of cl ai mVIOragpas reSREntfe LERCIRC rﬁbﬁ‘?@@@%f‘ﬂ@@?eﬁbo thie three
further [ Vi ﬁﬁrﬁl 4

at a fi r?ﬁ Q{Erfg%%ie}%ggﬂlaenﬁ {u@i %5{02%@%? é%? assgn%ll%gl29 bry flow

(10) at ametat(Shgagdnetreamndt lehgGuentlydenwity dali@emient of the three
| east second frequency being a different frequency
t han t he phaseslow g@@mﬂw@t leasegaspne vithetionap frggpensyresponse of the

response omthe pi.ckoff sensors 5, 105! .and

Conbon oot 8 ERY BN ASDBRES (SRY St She or more
f r equency|oGormeRestistRE ol ehedirs! @381ty HREMNEnThEAUPINE Yt least
conmponent. 10. The vibratory flow neter (5) of claim

1, with sémndetessiteimessureoments (20) being furt her
configured to vibrate the neter assenbly (10) at a
first frequency, receive the vibrational response from

141 he i Qflﬂﬁfa{oi FBRANMS ek g&@emj(gé(')))qf c@eﬁ%f PERAAIR prb&ssing system

vi brationa esponse 1nto the first frequency
(7@ rponefutthancbrifiparat tol readtve pexdoretnincd poanpoycatadgpsitien for each of
wherein the first frequency conponent and the at | east

thest@EesrRPIIRAEGHB L Breroplase T9Me generated by t he

vibration at the first frequency.

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

of the three components of the three phase flow.

16.  The vibratory flow meter system (700) of claim 1, with determining the one or
more flow characteristics further comprising determining phase fractions for each of the

three components of the three phase flow.
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11. The vibratory flow neter (5) of claiml, wth

recei ving the vibrational response further conprising
waepanaidbng the vibrational response into the PCT/EE2007/074711

frequency conmponent and the7at |east second frequency

. 12, The vibrator l ow meter (.3) of clai
175 %sw raEo8Y omgmetse Ssoﬁtﬁ“flﬁ@@reﬁclaﬂesb‘{;ﬂe? figiFpapmg the one or
t
R e T Do A YU AR RRink SRRVER kol QFVE) of
the‘ﬂhewgﬂmse/ﬂownponent 13. A vibratory flow neter system
(700) for neasuring flow characteristics of a three
phase fl ow, the Vi bratory fI ow neter syst em (700)

be| L& r| Z8 W bratory. . .flow er

1875 RSP RE FOLAGR D KBt s PRl LD o o
make @b@ﬁ@(ﬁﬁédﬁ&ls&ﬁ@ lflﬁﬂie(r%@ﬁﬁprﬁﬂlgm&&[ﬂlﬁmg rélewitbf &lt of the three phase

vibratory flow neter (5A) and to the at |east second

flowi.bratory flow neter (5B), with the processing system
(707) being configured to receive a first vibrational
response fromthe first vibratory flow meter (5A),

197 ECThYG ik P A Aekf §3g§3é1n‘('7@(§)36f' Al 17, saReaatnd { FifiVibratory
the at least” second vibratory flow nmeteér (5B),

floshacttr (54 pstvismtaled aVirtbt fiedquenay to gaeoats ehebﬁrsnglbaatlonal response

|fferent frequency th the first. vibprational
ang theineast a@%weﬁatﬂaagory ¥t Mgk £ B isnalietadatanat ipstsggond

fregp&ftﬁ/ etB %@ﬁ@rafel Hq 691&] steP(ﬁﬂ(f {/1515#10\%%%&%9 al response

rst vi ra ory generate an at
| east second density neasurenent of the three phase
flow fromthe at | east second vibrational frequency
20y es ponsthogiior pagiiringedew chaeetetisigsoriat rse fhaseilaes dre method
COI&%BI%A and determ ne one or nore flow characteristics
b htghe first density neasurenent and the at |east

secondivg ga WViBra B3 YEPOBEY frohth wm%oﬁgﬂ gt f 1 ow

met er system (700) of claim 13, with'the processi ng
Sysgemrgingy ﬁbﬁud@gsﬁwmmemwtfofghw thaded phase dloiwesing a first

predeterm ned co onent feFS| ties f or each of the
three co%&H%t}ﬁYsC PONARt Qi &1HEHAR F‘TSBWS%S The
Vi brLal Qhind howadales g1y (A £oh Hﬁée'"ﬂ t
t he pr ocen%%ng sysst eOm ( 707&1} %gl ngreﬁﬁlt er con gur edOW using a
t o recei Veaspa sgtehe fraquedysqegmbneht sfthodibratioresd résponse, with the
each
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.

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.

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.
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The vibratory flow neter system (700) of claiml, wth
waledennispi ng t he one or nore fl ow characteri stPCBEUS2007/074711
further conprising determ ngng phase fractions for
each of the three conponents of the three phase
flow 17. The vibratory flow neter system (700) of
23¢! a1 94 Bf‘clgﬁﬁ 8h Mt r&gtehlﬁﬁnﬁg heQne B fiore! W characterlstlcs
characteristics further conpris etermning a gas
furdedr dofpais tngatetdridiiingghatdiradtivne éomhe)f ftheothreclémpdients of the
vibratory flow neter system (700) of claim 13, with
thf@%?h?sﬁ’lﬂfﬂ%g the one or nore flow characteristics
further conprising determining a water cut of the
three phase flow. 19. The vibratory flow neter system

24( 70Ghe YhetRd@bME1ABn 20NQTLR |d6teh‘ﬁﬁnﬁ% Ett onél dHraéRrlovk bWacteristics
meter (5A) is vibrated at a firs

frequency to
furtfenmeoanpeis trigedct¢rnyningiabgaa tvioghikc traas(§OYE q)eOﬁhd thriee phase flow.
| east a second vibratory flow neter (5B) is vibrated
at an at | east second frequency to generate the at

25! eagt e $&GR M EIRIALDOR AN d@%ﬁﬁﬁg the2(916 o AE TRy f:l%actensucs

measuring flow characteristics hree phase 1l ow,
furtthree coetphnie thgadetgrniisingg: watec eutwifige Ehme bhaat iflomal

response froma vibratory flow neter; generating a

first density neasurenent of the three phase flow

26YST A dthd $be élﬁfﬁ] 496 n&?%{h ?ﬁ%ﬁ@%@%e&kdgﬁ@gﬂﬁ{ §&tﬁ19&1%ht being

response; genera a secon

sulﬁﬁtﬁﬁiﬂl?@ﬁpérnﬁfmidﬁ%nﬂhé eestfhapendy @m%meng at least a
second frequency conponent of the vibrational
response with the at | east second frequency conponent

[ f n nthe first fre c
7o omp o anithO Rk abuPAF R LR Iy Sobgne HITRE K cas
seé&iﬂarf?e@h@ﬁéﬁédrﬁﬁoﬂehpﬁéduﬁ‘ﬁn% h Ribs@aNSIlY XitéFRaS lﬂfn@éﬁﬁﬁtth@%ratlonal
he at | east second density neasurenent. 21. The
respetseod of claim 20, further conprising the pr eI I mnary
step of receiving predeterm ned conponent densities
for each of the three conponents of the three phase

287 | O%he method of claim 20, with receiving the vibrational response further
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;
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.
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22. The nethod of claim 20, further conprising the
prelimnary step of receiving predeterm ned speed of
waeouwng1ad ues for each of the three conponent sPOf/USIve7/074711
three phase flow 23. The nmethod of claim?20, with
determ ning the one or pore flow characteristics
29 ur (10 rmf‘ég%PP Slpivg See‘fﬂéﬂg?(‘ﬁi“ﬁ@g Eryﬁ‘a%l rationgk iesppnse Syrther
co%@?i@i{l%f the three conponents of the three phase flow
. e method of claim20, with determ ning the one
or wibretiid @wetdraissahiglyiofthesibf oty fsw eang@rdtai fivgt frequency;
determ nggvgq a ‘gas‘ void fraction ( G\/I;) of the three
phasecefvipgthepgbrafigaalyesnamge fonepigkedf 3ensof ehthe meter assembly;
deterninhﬂ the one or nore flow characteristics
further co%prising determ ning a water cut of the
t hr egppasethb vitwatigdal rddpnEinbfPtheFrsiChréd udnéP combbierit RRd the at
at | east second frequency conponent being
subst ant ileast secgup Sriinpuyednpontiie whieresn therfarguiraguency
conmponent.. 27. The thaod of claim20, wth the first
£ equencyoughbenan T o el seord ottt By reriperated by
conponent, OGEEHL Y il figbRef@cyal |y alternate tines
in the vibrational response. 28 The nethod of claim
20, with receiving the vibrational response further
conprising: vibrating a nmeter. assenbly. of the
30yi g&é@ @@fg;g@ci 8#5@1?@@ P> with geqeiving the WREIRRY! tapRPISE fyhsr
[ i ] t : I
cop B P nehehif R PR on B 1 T s F g B EP hponent and
theditflée estontl FRQqUERSycdniwhehtie first frequency;
receiving the vibrational response from pi ckof f
sensors of the neter assenbly; and separating the

vi brational . r on into the first., frequenc
3 onp SraRBoh AFTRET2E 1 Ehdecelus s pilGRHE) Ponse further
coﬁ?ﬁ@ﬁ@qnieri%%-thé' b%rﬂﬁlﬂé@ﬁ%s?éns%'iﬁﬂd’fh@ GirstWrdgiehBC&IMpdHEnt and the
the vibrational response turther conprising: vibrating
at Rastesceondaie@rebby cofpomentyi bratory flow neter at a
first frequency; receiving the vibrational response
from pi ckoff sensors of the neter assenbly;

32. A method for measuring flow characteristics of a three phase flow, the method

comprising:

recelving 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
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.
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and separating the vibrational response into the first
frequency conponent and the at |east second frequency

waeommporamst , wherein the first frequency conponeet/uswd7/074711
the at | east second frequeney conponent are generated

by the vipratjon at _the first frequency. 30. The ..
Vet 168 BRthes ﬂﬁ%?%ﬁﬁw SUBPRIRG ﬁ}@r{gebma&y SR receiving
: r
e GERAREE LA SOTRLL e A A A RO phsc
flomeast second frequency conponent. 31. The net hod of

claim 20, with receiving the vibrational response
further conprising filtering the vibrational response

i nt h i fr e nen nd i.he at t ..
34 ok Wothdd B lbrR 3 oR e PCOTRBAARE RSk RFBY kB3 roceiving
prdde@MnERRT Peb@ bf §dundsyaffesFot SicaSfIRAGLed t@Mporiche dTRhO Effee

conprising: receiving a first vibrational response and

phase fJaw| east second vi brational response; generating a
first density neasurenent of the three phase flow from
the first vibrational response; generating an at |east

3ssecaid 8RS bV c19RASY R TR @Ete%iﬂiﬂ@ tH ¥R rRR&RS1dW SMracteristics
fromthe at | east second vibrational frequency

funthees monpeising deternhringtphhsafbctioms dodeach b dlié thinad components of the
frequency response being a different frequency than

threg, ghasetqW.vi br at i onal frequency response; and
determining one or nore flow characteristics fromthe
first density neasurenent and the at |east second

36dengiht yndieed of aenB2 3with Hoermting theddnecdrahdfcIRow characteristics
further conprising the prelimnary step of receiving

funthes gerprvingedetaviposargas yers fractea (oY Feelcthe diree pbase flow.

t hree conponents of the three phase flow. 34. The
nmet hod of claim 32, further conprising the prelimnary

37st erheimdtB&®bI¢1AEN BL eRRh AehR@Hns RRESher HONTbW ahat8&teristics
for each of the three conponents of the three phase

furthepwomprising determining a water cut of the three phase flow.

38.  The method of claim 32, with receiving the vibrational response further
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.

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



35. The nethod of claim32, with determ ning the one
or nore flow characteristics further conprising

walewenrispd ng phase fractions for each of the tPCBES2007/074711
conmponents of the three phase flow. 36. The nethod of
claim32, wth determinjng t one or nore flow
chavidhe dlFes aﬁﬁ?qr}ﬁiewtegwi}f%v At ar at lpigeaonghigequency to
voi d fract] ( t .
ot how. SEPLPRCURIB IR £ HoRRoRARS e rur e it sccon
f1 ow chawk@mhiesras késpendelvdimes doftarpriti fséquegnclethan nhafing vibrational
wat er cut of the three phase flow. 38. The nethod of
cl ai m 32ICSRPRYF- recei ving the vibrational response
further conprising: receiving the first vibrational
response froma first vibratory flow neter; and
receiving the at |east second vibrational response
froma second vibratory flow nmeter, with the at | east
second vi brational response being a different
frequency than the first vibrational response. 39. The
met hod of claim 32, with receiving the vibrational
response further conprising: vibrating a first
vibratory flow neter at a first frequency to generate
the first vibrational response; andvibrating at |east
a second vibratory flow neter at an at | east second
frequency to generate the at |east second vibrational
response, with the at | east second vibrati onal
response being a different frequency than the first
vi brational response.



