WD 2007/ 022118 PCT/ US2006/ 031713 METER ELECTRONI CS AND METHODS FOR
PROCESSI NG SENSCR S| GNALS FOR A MULTI - PHASE FLOW MATERI AL I N A

FLOWETER +Bgeigiooynd of the Invention 1. Field of the bpy¥edhessiFhe
present invention relates to neter electronics and nethods ftor

processing sensor signals for a nmulti-phase flow material in a

flowreter. 2. MBIHEEEHCTRONICSPAND MBTHODS RORWROCESSINGOSENSOR
mass flowreters to neasure nmass _flow, density, and vo! une flow and

n
ot her inforn%ﬁW§fF%t%ngﬁWE§1@W %R%éﬂ AdL{IWMETER
disclosed in US. Patent No. 4,491,025 issued to J.E. Smth, et al.
of January 1, 1985 and Re. 31,450 to J.E. Smth of February 11,
1982. ThesBaékgronmd ef thellaventiore or nore flow tubes of different

configurations., . Each,conduit configuration nay be viewed as having a
set of nathrgfsd‘%’/?fﬁt%%{’fvgﬁ ‘ftbdes including, for exanple, sinple

bendi ng, torsi on@ preseadlirdbnticnd]lLaup hegerrakdasnick Bnd@nieytoide &b frodessihg S
mass fl ow nmeasurenent application, a conduit_configuration is

exci t ed i nsepp@ sgnalidera wubi-phasslovs geteriaking Hev@eteal f1 ows t hr ough
the condujt j ) he conduit is nmeasured at points spaced
al ong the ‘(b':'oﬁt ul .ng%%g\?? rlg%i onal nodes of the material filled
systens are defltisthovm tpast Coyiolihmasscibovometer: irasesae mdse folwpdersipamd
and the material_wthjn the_ flow tupes.

Naterial flo into the
1 owret er ¥oumedlovy _ %rdl%@ﬁl?rh_ BAter NG thég)l{ggs ad@1p{elﬁg as r?:hsclosed
flowret er. i P%ﬁﬁ%.@i,@f 1?02‘5'1@5131&&6 8! Sahith QUG Thifr | OWg5 e R

fl ow tubes ang"em ts the owneter to a pipeline connected on the
outl et si d31,420 tir | §.mitippf Fehwuaryfldy t82 dhebreflovmgicrsibave onher fripne §ow

causes the_flow. t.ube to scillate. .\When there is.no erial .f j:

Chrough. + nEPT BhAEER! SonRiien Eaningtut St G B LS TeBbg ke
an i denti caketRfagiral Afbratidhefdsahcibeib®r boarhploVimblesgbingh@rsidriad wadial
tube, Coriolis accelerations cause each point along the flow tube to,
have a di f fed eawpledsnedss. Wi & ypicad powiolis mag ey mrarHeRen] apRbcation, ¢ pepguit

tube. Th . : I ' e '

whi Te the SARErAn Sl fl o2 a6l Jififion kiBlled MiEmb@AR AV B SThe
pl aced at cordduér @ntmpihomdthenoddudt it hwastredea domntp sjexbad elosi nuesaindait.
sighal s representatjve of the tion of flow tub t .t he

di 19 f erent _Boi nt he ‘i’h@“ﬁﬁaalé’éo‘g? :éﬂ?:t%nﬂé{l%géﬁﬁf’li\a’é aij‘l\/\%ﬁglgﬂ%]?argp)éwgl s
'S Proportyighed b\t BASW LN diliSe RbickHPw{IhehG Bbuitiel Marbiiloweh

the fl ow tube or ow tubes. In one prior art approach either

Di scret e Fouw iterflavmeter from a connected pipeline on the inlet side of the flowmeter. The
material is then directed through the flow tube or flow tubes and exits the flowmeter to a
pipeline connected on the outlet side.

A driver applies a force to the flow tube. The force causes the flow tube to
oscillate. When there is no material flowing through the flowmeter, all points along a
flow tube oscillate with an identical phase. As a material begins to flow through the
flow tube, Coriolis accelerations cause each point along the flow tube to have a different
phase with respect to other points along the flow tube. The phase on the inlet side of the
flow tube lags the driver, while the phase on the outlet side leads the driver. Sensors are
placed at different points on the flow tube to produce sinusoidal signals representative of
the motion of the flow tube at the different points. The phase difference between the
two sensor signals is proportional to the mass flow rate of the material flowing through

the flow tube or flow tubes. In one prior art approach either a Discrete Fourier
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WO 2007/ 022118 PCT/ US2006/ 031713 Transform (DFT) or a Fast Fourier
Transform (FFT) is used to determ ne the phase difference between
t he sensor v goab=11sThe phase difference, and a vi bratigmabszo06/031713
frequency response of the flow tube assenbly, are used to obtain the

mass flow rate. In one prior art approach, an independent reference
si gnal i s Teedotno JAETeom Rest Bourter Jiratstdrin EFdnad used égdetanyine thegthasss by
using the f. uency sent to the vibrational iver st.em. |

oot her gt SRbR BBRALE PHCREE T Goii By R s VB o e
frequency @dquehfiereBhdilse 0f the@low ©he bEBEBIS NAkd tOoBHIR (BE iness flow rate.
frequency. In another prior art approach, the vibrational response
frequency generB88 PHYT &t ppRIReY ans wdapandentyefseenge sigppd inaseddy determine a
centeri:ng 1. I Yl j i i Of.al.t
{1 owmeter Berape (BB alh £L SR A et flenol WAL R e ol Pl
pi ckof f sesystem. fineguther ypprddvhse plse dockad toopt(@ERNisqsed tanock tifeaieduyncy of
wel | under_, quj escent conditions, re the flow material. in the

' ownet er TEPIGTALPricHIHRRE fHfEE ARL PR EXOPHeS PEABE: FPSaRiGnty
i's rel ati wabpiiond] aRnsd BUWREEEy cdnbRuRNBRSEpRRATYERBES 10 ddidi i

art suffers when thé flow matéerial is not uni form such as in

t wo- phase dentonsgih s Megeenty owa neick filtal, whergit theawion artiftpyrietebatipmpteio

solid re t e ' ub S Lquid flo terial. In
such ot uelie e MHIFPE nfih A BB ploalid ot ufbaby  SERIB B o
rapi dly. Ddghmi@ues ok Thiflp svetifunbigsquiesdent doadigiond, megrethe Yok aattitl ianise
it is possible for the pickoff signals to nove . outside the filter

bandwi dt h, 19WEelsr wguitvesapd sthepihs sesulimemidwiicnsipl fedumncs ipraivelyh s
also is a i = f = I f

s epeat Gl onarel B HERhES s B oL BbAAL A Gkl o W Rl e
Al so, if tiheof wefpusneychaf it tveo-phase dlowsovtese thedpiwdimpierial cenmdlek afiqonr
process w ||, not, be able to kee with the, ual or, sured. .

P equericy XA IHAGT A S ST MU e Rud b mg@intyh SHet Shatio
be under stig@gribMat detbfmihBe eQlBEPLALAdHAOHIRY. Dorinp ¢ORdiA6As & fast and

i naccurate, then subsequently derived values ©of denSity, volune flow
rate, et c.lpragifdquenaydrameitions; étris possitla dorithepickesighalyibe swwe optsideghe fier
error can bbe co ouniﬁed AN sup eguen{%ﬁf | ow_char act er itst i ﬁ .

det er ni nat1°ons. 1°n 't E“g;%??%rrecal?st%"{ © BIUEREY FeaTgards capisglo s a
digitized @oeleg iﬁiehi}itjr-ﬁlllr&ﬁb@lﬂa&ﬂ-@%, iwhereothe Elowingetdr Tk tlytdperanatigh
filter. The notch filter accepts ony‘Xl a narrow band o frequenci es.

Ther ef%r e, aligrefing gaptniyiillceaditiont yAlse, i hierfgravgncest ofdhe ganspr mpyeser

may not £+ : j | i

Tyoi al 1y PRl §defholfBln biteelsdifizio B OIS ko kBl PR If¥hclle bt ffacured
seconds t drdquandy, tausinpeddiadotatiah ianan irpogedt fegoamly. IDheutdbd drelerstaoaehat
required hy the prior, art to . determne the frequency, the resulf is
not only tlﬁﬁ’te depfgmin FRSY 18 HIFOP R RACCEAlf ﬁ‘é?PiSH TRIHYAHVES YoPes

but al so tdFandiRevEIubRN IR A%l LRITBRL also be incorrect and inaccurate. Moreover, the

25  error can be compounded in subsequent flow characteristic determinations.

In the prior art, the pickoff signals can be digitized and digitally manipulated in
order to implement the notch filter. The notch filter accepts only a narrow band of
frequencies. Therefore, when the target frequency is changing, the notch filter may not
be able to frack the target signal for a period of time. Typically, the digital notch filter

30  implementation takes 1-2 seconds to track to the fluctuating target signal. Due to the
time required by the prior art to determine the frequency, the result is not only that the

frequency and phase determinations contain errors, but also that the error measurement
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2 WD 2007/ 022118 PCT/ US2006/ 031713 enconpasses a tinme span that
exceeds the tinme span during which the error and/or two- phase flow

actual |y oGgglhee7dfdifs 1S due to the relative sl owness of p¢EepRASHA1ARE 2
notch filter inplenmentation. The result is that the prior art

fl ommeter cannot accurately, quickly, or 5 satisfactorily track or

det er m ne encpmpkists a sigrsPan fiae guendythe tifiengai doriphas Rhfithowr@fantie two-
flow material i.n the flowreter. Consequently, the phase deternination
is |ikew sedSPOQ™ ashuligope- divnis dug o the selafivegiowngss géresnense oha nikhse

di f f er encefisiiR@ldbgidgper m ned pickoff frequency. Therefore, any
error in the fréquency determ nation is conmpounded in the phase

det er mi nat i on. Theereswisithatitise priorastfievineer cmobhadchetdly.emirkigor

determ pat | 0 .and in t hase .determ nation, |eading tq ingreased
error i e SRR e R S RO e Bl P Mok bR e
det er m nedfléwesHie Yn tHalflivihéet) %s&@eﬂﬁ?,&h@’?ﬂzﬁe@eﬂ:ﬁﬂﬁiaﬁﬁn iMadedBse slow
(density is approximately equal to one over frequency squared), an

error in t#He e PERRen aytha erier mit dativesiihg rhase gfrenre gsing shpdeiratioed n

t he density: ] i L i r ' '
volune 11 ohioFEF SCMARY eret s my cfipPlsitfe el ferk oo B B 1AL BBl
fl ow rate uithe pheie dytedeinatioy.. Theweanlt isphaaisedietroni the ftehgensg ldeteaniinatitn

comon i ncj.udes not .only. ol but.also can _include varying anounts
of et b L HAETRS R ion, iR B R ered PR Chm detrh e thedhass How

out put  t hepef anedliviBh ClchyscaREbS S A8 chty PRES & dskitddstmEan déﬁsit?
result, the well streamis usually fed into a separator device. The

separ at or '#3Ys CleneRip approxisratelyeqne te opdo s fisanentysqharod), tiherroeinlthe

t T . i, C: i 5 . at .
can conpr 1 SR MR8 1oRR BT POS RrBie RO B, SEERR B i,
extracts estisaitedogadettmoiibitordf olurbh H6® rhielNvHere Hevling Wlowddatd 8 @qual

t wo- phase separator can conprise a gas output and a two-phase fluid
Wit houfssentprl’é?sﬁgﬁwgr&?dlﬁ@?“‘@&&ﬁ‘bﬂl@; where the wel | stream conprises

oil, water, an ] : , %-PRQ I Ul
out put can cong%liasqgﬁlgéltadv%%ﬁ’a%é Q‘%I'IH c;ugér?"étcvva er ﬁ@S@S??@Z‘W gﬁ tbh{r %gé gan
phase sepanealuide vagngsepanst & wattr dddmagnilrgas ietheged] anputcasadl The oil well

ol ot ol yLGRNRGRene RiPieallsCorrishan A are TOLHIE: (he: Extitabe atl
gas can i ngleb@as aseiBlibd &0 YkpRhiof 88iRIalhd itatbr GBS ekBiact$Bne or more
commonly terned carryover or liquid carryover, as the gas outlet of a
separ a%%r qosnpoppite dhdny the vvall smesen. pthsi ssabtaior hiayfrer canheompridei g uivd-phase
outlet. | rlseﬁg'gf-opo?ncant cpo }'g:-llsle & "t'l%z&l:{tphgs]; separator. A two-phase separator typically
extracts entrained gas from a multi-phase fluid. The output of the two-phase separator
can comprise a gas output and a two-phase fluid without entrained gas. For example,
where the well stream comprises oil, water, and natural gas, then the two-phase
25  separator liquid output can comprise a two-phase oil and water flow stream. A three-
phase separator can separate out the entrained gas and can also separate the water from

the oil.
However, separators do not completely separate the flow components. For
example, the exiracted gas can include a small amount of residual liquid. This is
30 commonly termed carryover or liquid carryover, as the gas outlet of a separator is
typically positioned physically higher than a lquid outlet. In addition, the oil output of

a three-phase separator (or the oil and water output of a two-phase separator) may still

3



a three-phase separator (or the oil and water output of a two-phase
separator) may still 3 WD 2007/022118 PCT/ US2006/ 031713 include a

smal | anouRfo &fy768R4{sal ned gas. This is ternmed carryundepcPisReSisi7is
carryunder, as the liquid/ water outlet of a separator is typically

posi tioned_ physi cal lf\:l) | ower than a gas outlet. Measurenent of the
separ at or Biusate wedbanpwy dfentrhimep gaor This tis tompd icsiegundsr OE pscarR@nder,
each separ r ut. streamw th a fl.owet of . so ype... The
neasur eman?SI glg Slﬁqirﬁ%u;)wgﬁétouﬁ%e ¢ PN |%?5§{Yepqsittﬂygg Pﬁi‘%ﬁlf&%ﬂyv]é’l‘*"’ef fhan a
t he gas ougpuintlef the separator and assunes that there is a
negligible gaseﬁ‘%rryunder in the oil/water output. This assunption
i s made becauseMepsuEeBenS plotheyseparsier entnua| aseerdings tartti¢ qridri gyt amprises
cannot 5 bepsabstanidal ' e y. determned and.therefore
cani ot be accur a?e%‘:ﬁlgé%}e#g%%% ed. ﬁ%e\ygﬁi %t @8%&@8%@“’&@?‘3' The
car r yunder maassrenygit esdumes phat sieart is « esgligiblatiquid d@rrysi&h fthe gatoutput of the
inaccuracyein Pri or, art well| producti og asurenents. The I naccuracy
is  conpoultddd By e BTt Hercgs e negleibigeasecaspuaferdntthe oil/water output.
measur emenThis aSUMPEoY 19ihalh 8eSRket 88 piie

isisn c¢Be P aﬂt{fié’ @W@%ﬁ%&gﬁqﬁhg{@mot

are solved and an advance in the art i's achieve

provi si on B sybsteptiabye dastansineousdsid detetnhivets 4ok therefoes stangos s abcurately
signal g fo ?l.ﬁ.qggt' = e.flowmaterial in.a floweter. Mter = |

el ect _r(f;(]ni _C%Et of pf olg%‘gg%g’gthég s ‘éﬁr’é""fn_g?r a&ﬂﬁé{ﬁl‘faﬁg’ﬁa@g@ fPging in a
material isignificdnt Gmageti@ly i ppiod\ard 8l 3e6@IclbA ndaSud et OthIBlcctficy is
the invention. The neter . electronics conprises an interface for

recei vi ng @HHOPR{edheupbiringthe sasrrddioyidauing ateneasirea®ntsi gnal for the

mul ti - phas&llﬁngys& gp{;]ﬁr%(gﬁﬁ@lpd a processing systemin conmuni cation
with the interfiace. The processing systemis configured to receive

the first sensdhesbgvmtndatbier firbidlese amdlwenadan stignrb if HeMA-tiBechieved
interfI%ce, phase shift fromthe first

ate a first ninety degre ‘
Sensor °si gﬂr’n‘gﬁ%&g RI&HEPELS n}ffegéfi af“ﬁ? ﬁlﬁ ethogs & nupresEng panser signaly for
the secontnsigngeke SbeNAdterif AR Re&! equency using one of the first
ni nety degree phase 25 shift or the second ninety degree phase shift,

conpute a phas&@drrsleqtenics foispragessing sensor signals 6fr atheltifpirasé flownedtyrial in
degree ph £ : nd, ni_ nety .deqre hase shift, and
i G e S R =

conpute one or nore a Nnass a

rate for tehetromikt compiias en fidtembdsefoerebailingA At £B580r BnaPLRLS 80T sensor
sensor, signalaf for a nulti-phase flow material in a 30 flowreter 1s
provi ddd & fafﬁlj i tiphaseHevinveial end e peodessingisyistsm inTrermetibaithn with

the interface. The processing system is configured to receive the first sensor signal and
the second sensor signal from the interface, generate a first ninety degree phase shift
from the first sensor signal and generate a second ninety 'degree phase shift from the
second sensor signal, compute a frequency using one of the first ninety degree phase
25 shift or the second ninety degree phase shift, compute a phase difference using one or
more of the first ninety degree phase shift and the second ninety degree phase shift, and
compute one or more of a mass flow rate, a density, or a volume flow rate for the multi-
phase flow material,
A meﬂ}od for processing sensor signals for a multi-phase flow material in a
30 flowmeter is provided according to an embodiment of the invention. The method
comprises recefving a first sensor signal and a second sensor signal for the multi-phase

flow material and generating a first ninety degree phase shift from the first sensor signal
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conprises receiving a first sensor signal and a second sensor signal
for the nulti-phase flow material and generating a first ninety
degr ee phasgoshrbifsromthe first sensor signal 4 WO 20P#f0<xdkB1713
PCT/ U52006/ 031713 and generating a second ni nety degree phase shift
fromthe second sensor signal. The nmethod further conprises

conput i ng and geaguaéng ¥ serdnd gireiedefred pleasé shifitfrom tetsgcateieasor sighal eThe
shift and th caond ni nety degree ase shift. The t hod .further
conpr | ses MEORD ST S BHES SORPEY LS b ACaIY HY"EARS OF Tirdhe Twre fesiee
first ni nefhaselganeadpiagsositihbtydeghd phii@ shEEONE REMel Yudegteaphiase

shift. The method further conprises conputing one or nore of a mass
fl ow r at e, canpIGHgianhaseodiifaropot usies pProw meteeol ey fitsheinatyl deigragiphgse shifow

materi & . [__Drocessj eRns si gnal or a nulti-phase
row mat erdg b §8nb Rlnl GERRSHDS. SE0° 3 e MARR Ak cBuliied s Rg e
of the i nvenhberf aihas fethat, 4 deesdiypsd S estume Ckwiatedfod tHel thslti- s How
signal and a second sensor signal for the nmulti-phase flow materi al
and gener aPM§§%a first ninety degree phase shift fromthe first

sensor si gnal  ARCLOEISE AdoBlirk S Dis 6 ¥ milRe Asiathhiih of rom
t he second sensor si gnaf.ﬁ}d%ﬁ%u%rret%gg ursmrmco %%seg@ clgl?rputll]%\lg? a
frequency fewmgteoireprofidehacchidisg todmenyodimgnied thepnaemeiamhThe methalhe

second, ni nety degree. phas hift. .Th t hod further c rises.15
comput 1thy LTSRS e et oanaen e a0t SSHOPd SHROL Heal1piehs Aiisphese
degree phagew sftérial add gerdeRRinRCRABENINER Aleyred PRARSHINAER BB it senkBsignal
met hod further conprises conputing one or nore of a mass flow raté,

a densi ty, 2WrEeRCAENgG Arsedopd winehy degres Phase sififtam Bissseortd ssnsorsignel i Hie

and conput f I QU] I ; nder
M the " mireRoR ARk Bl coftolifi'h oGy BB oRf pRel B YR8 e
aspect of phaee stéfter thel secdrrdninety degiee phaseahffa Chhd methud ésrtteer dogptisezer
confi g}éred to di itl:{hze .B_e sensqr signal . Ir% an&tﬁhe_r aspect of the
meter e eciPYNEE 2 ﬁ?‘iﬁ BReBES PR SAsTaReTeL! thi HiseRinely sicereg nhate shelt
det er ni ne HiaGhOLecHRA Bi n e i

the 25 nulti-phase fﬁllnglf\yv c%ﬁgtg.%?lhgléerm{#n gée#%gir?gt her acgg‘@gsg%(%\ﬁﬁ%ﬁlg one
met er el ecarmaere ©f 2 mdsefigwreteas dergity ompr vodawe fisimngteafor theldrgtitphase flow
transforrrat‘iaton ltodg;ener@te the first qi nﬁit degree phase shift, and
the second AR HRGIIE PR ms o ¢ lign %j/a@iyo Vot 7e32s SepEudepin e

nmet er eI_eqhm@iqj,kgg@ fibRengemmut i ng the frequency

20 Aspects of the Invention
In one aspect of the meter electronics, the interface includes a digitizer
configured to digitize the sensor signal.
In another aspect of the meter electronics, the processing system is further
configured to defermine one or more of a gas carryunder or a liquid carryover in the
25  multi-phase flow material.’
In yet another aspect of the meter slectronics, the generating comprises using a
Hilbert transformation to generate the first ninety degree phase shift and the second
ninety degree phase shift.
In yet another aspect of the meter electronics, the computing the frequency
30 comprises computing the frequency from the ﬁfst sensor signal and the first ninety

degree phase shift.



30 conprises conmputing the frequency fromthe first sensor signal and
the first ninety degree phase shift. 5 WD 2007/022118

PCT/ US2006A33063:322413 yet anot her aspect of the neter el gef;@nhGS1714 he
conmputing the phase difference conprises conputing the phase
difference fromthe first sensor signal, the first ninety degree
phase shift, ardyeharclesansecsefiiho mesdrgietronics) tyetoramoindghe ke diffatnce

the neter electronics, the co tl.ng the ase differenc 5 )
oror  os SRS R PHnE Ha BoAR TSPk ok e PRSI S Emas St ety
si gnal , tf&g@ééﬂiasé‘ékﬁﬁ}éhdtﬁ@%c@ﬁd Eéi@%iéxml.ft , the second sensor

signal, and the second ninety degree phase shift. In yet another
aspect of the rntyetansiteartappnst ekthe metersiastrosich,ibe egrpwimgithe phgse Wifiference

configwed, to break out the fr ito.at-least a.qgas. fr enc
conmponent cie PiimPiting F pih SUBARGs i R o el okt AL FESY
a void fraddgre@rptabe gdf, e secont §enisdr diBndly Agltthe fecbhd finkeheddot @oplaneshift.
response and one or nore of th)gqhgas frequency conponent and the
fluid frequencyBdEhinisaspegbridhfréer slretigpichiheripressing sysicar is fadher
density of 10Ul . : i i,al
o '3 gas PrACEiR Prokaft ERTRGNARY M b Mk TaNARS oty oAl
fraction diuvigdsguenmy wetpenentndetanenoonenmrmorefof a vgakiraatianrof gagera bdquid

t he rruﬁ]i -jgh%se flo¥¥} terial or a liguid carrygﬁ}eer U%i nﬁ one or nore
of 15 tthe VRTHTATREHTHBPIGHE RIS F Peciifeore PRIE &5 Treffienrd ComRERTt,
aspect of JdaanhsBlRIreluRAdY hSohent B&eiBd khe O Pbfe HQNR{UIG BRase density of a
processing the frequency response with one or nore filters that

subst ant i ailqud flepeemnenent athe multigphase fleyuasieselos meehehasealedsityne a gas
fluid fre |0 0 of the neter

el ectroni g%l&gt% %%Bg@gaﬁ% ﬂ%?u‘{&%%%%ﬁ}lsge%%’f%a%? fe%rélr |en0télet 8T 8fq% Erlls’cy
response wWaryuaddriof slie hilti-ptase flatv reatbddlan bilgjuldcarsibeatsitdenegasnore of
frequency conponent, and substanpti.ally passes the fluid frequency
corrpon]gnt tgﬁggldfﬁ'arcf@?iegéast‘i’f ?1%B8§f?€9°9-esponse with a second filter
that substanti gl loy: 58k ' [ﬂﬂlﬂ
substantially pasyses t%képa%hﬁ%gumggeéfi%%ﬁ%hgﬁg%? El%%gggﬂ{nc t ése?i rst
filter outpratsssingéhe frequinty equene withomp onentre hicrstited ssetanll irdjectone
out puts the., 25 s frequency co ept... A n _yet anot her aspect of the
neter el ecc?r%%g%sg?eqtuﬁ_gcyd‘éot[@#% aﬁgqﬁ%ﬁu@ré%%écyo@n?on%i d fraction of
gas or a |iqui dnfyeBioiRn aGROPE BE ebedlctdlrahict nBreOMAE ald cHgnskt ¥
fromthe frequency response, calcul ati ng a fluid conponent ‘density
from tWe filiprigethehoeiragy rasoense et a fishfilien thet substantipdly reisats daeges

density f rﬁ’éﬂu&:tf'c%/ &%?p&%%%%ﬁ%t&%%? r}‘)?i&tes the fluid frequency component and

filtering the frequency response with a second filter that substantially rejects the fluid

frequency component and substantially passes the gas frequency component, wherein
the first filter outputs the fluid frequency component and the second filter outputs the
25  gas frequency component.

In yet another aspect of the meter electronics, the determining one or more of a
void fraction of gas or a liquid fraction comprises calculating an overall density from the
frequency response, calculating a fluid component density from the fluid frequency
component, calculating a gas component density from the gas frequency component,

30 and calculating a void fraction of gas as aratio of the fluid component density minus the
overall density divided by the fluid component density minus the gas component
density. '



30 and calculating a void fraction of gas as a ratio of the fluid
conmponent density mnus the overall density divided by the fluid

conponent deassbtmAisnus the gas conponent density. 6 V296066634438
PCT/ US2006/ 031713 I n yet another aspect of the meter el ectronics,

t he processing systemis further configured to break out the
frequency respdnset amitierakpdoe adtheana@sldetrenies thy pooaptpesystemain duréher

" oquoncy eRRhsRaRbRRE bt eSO Bl e B P g
conponent , P4 ﬂﬁimﬁfeﬂquemwoglpt%ﬁgﬁtggé;e&ﬁn@én 8gall HQRL) B HRANQDEEY

response and one or noré o . frequency conponent and the
fluid freqeep@ye.cstepainer gasaledsitefrean hngesdraguercyfaompones, fetemminge void

void fractkon. of .gas.nultiplied aratig of th i i.vi ded
by the Dyelaricd SRALHPY iy BebifheDesPrie? il oBt of QP e Bk dbehly

el ectr oni cepmpidreniendals finddrayshenedngpoherit] AT detdrthicon hiagsifrediondrom the
determne a nmass . flowrate of the flow material fromthe frequency,
response a¥iddReigemeiaes sultipbed bipgeatigror thergas density iy ided By Hiermverms s
and a secoggsffow conponent mass using the mass fraction and the
mass flow rate. In yet another aspect of the neter electronics, the
processi ng systlamet sndthartabesct of te maerredstironics,ghapmctdsmgf sysigomen dyrther

respon to nerate a sguared frequency. response 15 i.nvert the
Squar old 1 r SyRets 1o SebuRee Aersdlol aleotibe fRv AT R Mrdteditieous
flow str eamspaRs bk detGPRE BElch ¥nd BPS HARHLH donpon8ita3nds8 REQH Sedon@Wow
streamdensity to at |least one of a predeterm ned gas density that

i s represefABRINGE! BAssAsashe mews fracioniapd thefmessdlogesaie.f | ow material
and a predeter %gﬁgaﬂd)'gfeg'rag?e%?Qﬂhte%ettgraetlec'trﬁgff'og,gﬁ$ ?%E%%Er%%vs <2k i@ thl'g%' d

flow fraction, ne one or nore wTtrac

or a gas féaofighredad squard themreqR@ndyhesponsprrdeneratd disqunedaBq@eicyabsjdnse,
met hod, _ t he net.hod further congrises det er m ni nore of a

one aqr
gas cab} yuRaer tsrSagates Giereency TPSpevErtoiRRnTRiE PRt dRstuptggous flow
terial. t . i i
material. dm.anehie), c@ﬁg% th® butlsheiti A8} B%t&%g%ﬁ%@en@% ééc?(gaét

using a Hilbert transtformation to g€enerate st ni net
phase shi f ¢eneafck prédetgedustdzasidensity th@Ss thpgrsemtapivackn sdsifiaw fihetionedf the gas

oot et RSt i 1 PO OB RS SRR FRTRE L85 o
ni nety degfgfioRhaRitietdhidd ene or more of a liquid flow fraction or a gas flow fraction from
20  the comparing.

In one aspect of the method, the method further comprises determining one or
more of a gas carryunder or a liquid carryover in the multi-phase flow material.

In another aspect of the method, the generating comprises using a Hilbert
transformation to generate the first ninety degree phase shift and the second ninety

25  degree phase shift.

In yet another aspect of the method, computing the frequency comprises
computing the frequency from the first sensor signal and the first niﬁe‘w degree phase
shift.

In yet another aspect of the method, computing the phase difference comprises

30 computing the phase difference from the first sensor signal, the first ninety degree phase

shift, and the second sensor signal.



In yet anot her aspect of the nethod, conputing the phase difference
conprises 30 conputing the phase difference fromthe first sensor

si gnal , theyd tdoshaziisnety degree phase shift, and the sgeppshos@RsAs
signal. 7 WD 2007/022118 PCT/ US2006/ 031713 1|In yet another aspect of

t he net hod, conputing the phase difference conprises conputing the
phase di f f er enck ¥at enothtreaspiat of theanstbod, sbypating theehbser diffefthsetdmprises

degree pha j.f cond sensor.signal, . and the second ninety
degree p haggmgl%ﬁgtthe P %J&;%/ & ﬁ%{ﬁ%?el”é?m i%epférégt S%B?OYtSF?é‘aﬂétﬂarﬁH‘f NN qegesgiase
further cosfftj hesedomeakngog siphsl, bnd e sédoRAUBREY dédhtOpike kigaSt a gas

frequency conpopnent and a fluid frequency conponent, determ ning one
or nore of a voird™f PERIEFIGIIPet of e agihed, thequethod futher opmprisan bréeking out
frequengy +H; e} : : fr e conpanent
and T he T e R R A el el oo S R B B R0 Bonens,
| i qui d phadecainggtope of mere plaioidfftaotion chymsepeiqui fridien Bt thethagency
flow materj a.gas phase nsity of a gas flow 10 conponent using
the vord 1 TaRFTEAT neg‘_é%gl?o quﬁ%%@rﬁ\%qﬁf’fffg %ﬁ@oaﬁntﬁﬁﬂ@%ﬂmé fepqgency

car r yunder cqrhpdnber, BbeirhmphasR drinte 8R4 BEhRlbHQke @enkfttﬂb‘f ?li%ﬂﬁg%%yer

e [1qui

using one or nore of the void fraction of "gas or
fraction. foRBREeRER{chnemltiphsetilont matedaltagrd phadealchsitadd mgasdidw

conpri §es i esponse with one or nore filters
Thar sibot SARrErR, R B8 vold SEBRES ols SRPQSE g sRE s BorpBheRE and
the fluid ¢arggodarey teanpbinpitise flbw rylﬁbriﬂmﬂfahﬁlhicﬁ%%%ﬁjsiﬁg*@ler@hﬁﬁg of
t he breaki Oﬁt cgrrgr%ses &LI .ering the frequency response with a
first filt@y vPKachonof & o ?bq‘ﬁléjﬁé‘éftl%‘l-the gas frequency conponent
and subst anti althYePamses a ' q C nt .and filt.eri.ng
the frequency rgsponse W&;ﬁ%‘t gf%ggéefrt\ﬂéﬁf ﬁ%trb g‘?“?%@ﬁ%%f%ﬁtﬁrgﬁswg the
rej ects tHeeqPudydespasge eiibyon2@r ommp filiem thea sobstarbiall a it alohy optesas the

as fregu en ei.n.the first filter outputs the fluid
?r eque%gye%%%%%% é’ﬁ%ﬁtﬁ\g@%@%@%}lﬁ‘ HAPPIETCOGIOREREs t he gas frequency
conponent. | n JeyermotiaebsRenethe ﬁfetHo'a,eﬂllE}%Eél}iR%gf&ﬂ%oﬂgfi%srﬁr%%%i?g élgene

or nore of_a void fraction of gas or a q raction co
cal cul at i iFHREVesRonpe wihsifirgt Hliw that Rebstapsially exjereniby goe Spquesey

1 bty o SRR (T e,

conponent, cal culating a gas’ conmponeiit

conponent ,freqaerdycaiponbawithg sacondi ftltef tae bR RnGAlERTecRShA il ifr@q&hc§ he
i the overall density divided by"the

]]: : 3: g 2@8 %gﬁ@ﬁ%eng %@ %li%tq%igﬁép@%s @gga&@mﬁ@hgomponent, wherein the first filter
outputs the fluid frequency component and the second filter outputs the gas frequency
component.

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

fraction of gas or a liquid fraction comprises calculating an overall density from the

25 frequency response, calculating a fluid component density from the fluid frequency
component, calculating a gas component density from the gas frequency component,
and calculating a void fraction of gas as a ratio of the fluid component density minus the
overall density divided by the fluid component density minus the gas component
density.

30 In yet another aspect of the method, the method further comprises breaking out
the frequency response into at least a gas frequency component and a fluid frequency

component, determining an overall density from the frequency response, determining a

8



density. 30 In yet another aspect of the nethod, the nmethod further
conprises breaking out the frequency response into at |east a gas
frequency cegpmpeniisand a fluid frequency conponent, de¢&EigdoidRg &N
overall density fromthe frequency response, determning a s WO
2007/ 022118 PCT/ US2006/ 031713 gas density fromthe gas frequency
conponent , gad @bgdityi For thedzay Gleduodohponatt, Gasniiiapa vohtfridtien wéaeyfrom
response agd one or nore of the gas frequency conponent and thtg%fl uj d

frequency 'CHREBHERY resapRpedet SRR of Ha g FraserbPrrpeRnt 3nd Hoflaid
fraction ofefi@fcy dBtidnBhil SCH BternihRblaOnaS HaBEoPRSAREShiEKtiNh BEehDY
the overall density.” 5 I'n yet another aspect of the nethod, the

met hod t hrinhéipliebbpe rdiwoidet gasdensingdizidedby shd denalt densitpf t he f 1 ow

material from the frequenc espons nd determning at | east. one of
T TSe 11 oo anSsrnier gL Re et e PR oS BrePie
the mass hikGlovortasiihé NewTRgErill fonn kel fesqubicyiRipaBO b dctasiigiel abfeast
the nmethod, the nmethod further conprises squaring the 10 frequency

response t@eqdadiaitiovacaapeieatimeseyenegorddpys fIapongn) B1ess hEng e mass
squar ed fﬁé‘c@%ﬁ@ﬁ&'tﬂe@ﬁ&%}%%ﬁa@e.ge”er ate a substantially instantaneous
flow stream density, conparing the substantially instantaneous flow
st ream densi t y Ihgeadnotleastpeonef thé nethop thd et ahod fueithegasnphses sdquaring die
is representative of a gas flow fractjon of the gas.flow teria

and & 1 edRIRERPHEP e SO A HECT eI paE Rt R aYervee B sdhfui o
flow 15 f gk redifhsd8) Qe SRRy ARf8Rlod ddvilstidn] QWty,
fraction or a gas flow fraction fromtHe conparing. Description of

t he Drawi rpsrrRNeg sembstaftinllyringanianisus lowptresndensithie 2 taasl aveeent on

all draw LG .1 illustrat. ri.olis fl er..in ex | e
of the | nentoreriis et endtS oS Rrrbindt ot ses BT btichroitie Sy
enbodi mentmattrislh@diaprefitdrined Ik dehsits tiat {J repebafitiveiofa eidpehyof
processi ng a sensor signal in a flowneter according to an_ enbodi nent

of t heldi nViEstipBrandetsriting eag o Rererafadiquid Bow dastiens ont sasrwm§aetipmn
embodi mentg. tﬁ%&fﬁyﬁg_ﬂ on. FIG 5 is a flowhart of a nethod of
processing first a sécond sensor signals in 25 a flowneter

accor di ng Peceiptienbbthe®rdwiapst he i nvention. FIG 6 is a block

glnf)lg(rj??e(r)lz gf pt L Isgﬁege];f?%egﬁg llilg eersrg}l)rggen?sytﬁé garpng gl%?nreg’é g}?aﬁ 'a?vri]ngs.

FIG. 1 illustrates a Coriolis flowmeter in an example of the invention.

20 FIG. 2 shows meter electronics according to an embodiment of the invention,
FIG. 3 is a flowchart of a method of processing a sensor signal in a flowmeter
according to an embodiment of the invention.
FIG. 4 shows the meter electronics according to an embodiment of the invention.
FIG. 5 is a flowchart of a method of processing first and second sensor signals in
25  aflowmeter according to an embodiment of the invention.
FIG. 6 is a block diagram of a portion of the processing system according to an
- embodiment of the invention.
FIG. 7 shows detail of the Hilbert transform block according to an embodiment
of the invention.
30 FIGS. 8 and 9 are block diagrams of two independent branches of the analysis

block according to an embodiment of the invention.



FIG 7 shows detail of the Hilbert transform bl ock according to an
enbodi nent of the invention. 30 FIGS. 8 and 9 are bl ock di agranms of

two i ndepergendyrbrajxches of the anal ysis bl ock accor di pgrit:@0edhs1713
enbodi ment of the invention. 9 WD 2007/022118 PCT/ US2006/ 031713 FIG

10 is a power spectrumdensity plot of a pick-off sensor signal of a
fl ownet er underFiGorItalis aopsiidri gastruril densitt pidtows aapicklofe sénsbr apmbbiofna
bl ock according to the single phase shift enbodinent. 5 FIG 12 ‘
shows the SNEMGET g ré’@iim?cﬁon@lﬁ@n%i ngl e phase shift enmbodinent. FIG

13 shows the S%"I@Prllpgi%@'ss§'}ﬂgse?cftrExﬁ?oﬂﬁ“ﬁ%k'é%@or"& fgcmﬁﬂ gfeOpHale shift
prior art, wherein atime difference (At) value of each is conpared.

FIG 14 sh@nlsoctlltmenﬁreter el ectronics accordl ng to anot her enbodi nment

of the | nvent i 0, Fl 15. s of. f [ enc
responses f or aﬁ?{ 11%8]?0‘5 &p%lys%ﬁ@%][(%&%e 8186 éﬁt F@ggﬂfnﬁ X
(i.e., for a fIRGd1B REbWEIHBGeBbE PRIzl e mﬁ:rﬁonh@ cofiparefl k@ wWehalol art,

of a nmet hod for determning a void fraction of gas in a flow
mat eri al fWBWlﬁ@tW@ifﬁWnﬁe@F)dW%@Pa%%?W%@i to an enbodi nent of

the ‘invention.ptd 1 Gowk/tmb Sr?f’texf LRushard fi&;fOfcﬁnv\%Tﬁg tﬁth@',lo%ﬁl%g&iﬁ{éﬂ R gk

av0|dfract|on of gas In a ow materi a roug
f | ownret er iavewicdi ng t o an enbodi nent of the |nvent|on FIG 18 is a

can belsed to BroAR ‘DREEHEL TR Uro T SOy RRBOChE ol ARG G0 1 2

frequency codfbhic@MBeAaH macGe!, %r%ﬂ&&@dhcﬁﬂ@@ﬁfdﬁ%&itan‘)f the i nvention.
FIG 19 is a flowhart of a net hod for determ ni ng a void fraction of

gas in a flowlf&tdeiala flowdiadgok . methl @rfdletwmm aaf@tsbfr@m@ plgagnn a
mbodi ment
requency 10zl DERRNL ooyl % ARvisfieh REORb g e Bfidghhbh bt the

det er m ni ngventivass fracti on of flow conponents in a fI ow materl al

flow ng through_a flowreter according to_an enpodi ment_ of the

i nvent ?% FIG. 17 is a owchatt of a method for determining a void fraction of gas in a
flow material flowing through a flowmeter according to an embodiment of the
invention.

FIG. 18 is a frequency graph showing low-pass and high-pass filter responses
that can be used to break out the fluid frequency component and the gas frequency

20 component according to an embodiment of the invention.

FIG. 19 is a flowchart of a method for determining a void fraction of gas in a
flow material flowing through a flowmeter according to an embodiment of the
invention.

FIG. 20 is a graph of a notch filter frequency response.

25 FIG. 21 is a flowchart of a method for determining a mass fraction of flow
components in a flow material flowing through a flowmeter according to an
embodiment of the invention.

FIG. 22 is a flowchart of a method for determining a mass fraction of flow
components in a flow material flowing through a flowmeter according to an

30 embodiment of the invention.
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FIG 22 is a flowhart of a method for determining a nass fraction of
flow conponents in a flow material flow ng through a fl owreter

accordi ng tvao anoR@senbodi nent of the invention. 10 WO p@fvéRazbits
PCT/ US2006/ 031713 FIG 23 is a flowhart of a nmethod for determ ning

a mass fraction of flow conmponents in a flow material flow ng through
a fl ownet er acdifidi2Bgisto flamwchentaddi metitodofor tdeerminienta mass FeGion2df flew

a flowchart of a nmethod for determning a liquid flow fraction in _a
gas 5 fl oWHRIEENS alt 3 HAYhgRANH {PJE’ gg ef g@@’é‘?eé?rnﬁc‘f%glgﬁ to an

enbodi ment erbodidignt JrmYERLESbn. FI G 25 is a graph of natural gas
density VerSUSﬁ| ycol percentage (i.e., liquid flow fraction). FIG

26 is a flowchdilf. 8 isa flewnbart phr mgthod fen drtergriningindigués flewwarter in dEas
an anboci nght ST Ae T ientr O EOVBYE AR i SERUNR (e

of processinnenti®@nsor signals in a floweter according to an

enmbodi nent of i_.nvention tailed Description of the Invention, 15
FIGS. 1-27 andﬂﬁeﬁdﬁ IPoRFRY ogeéﬂémlp&aﬁcﬂ?nﬁsfpmfﬁuss@éreﬂfwce& €3 Hagid
teach thosgyyskkdhidgd in the art how to nmake and use the best node of
the invention. For "'the purpose of teaching inventive principles,

sone convent i onaflGagpes asflldvasmribaenmsthop forf deendningeniiquie dlowTfregien in a
skilled in the art wil| appreciate variations frgmthese exanpl es

that fHPI easi oW matpdalsBewmeothrows ¢ dlpswmsten acoprdns 19 an prbodipephaf the
art will appreciate that the 20 features described bel ow can be

conbined in various ways to formnultiple variations of the
i nvention. As &IGegilis a fidvechartwefret method ©f podceksing sadot sighdle iis pdhrwmeter

exanpl es described below, but .anly by the clains and their

equi val ent%qcoﬁ‘éfrétofn?mmghﬁe‘@@fﬁm%@%%mt er 5 conprising a neter
assenmbl y 1fe@ied BREG@iptidil SCLeIAVGRiIR0- Meter assenbly 10 responds to
mass flow rate and density of a process 25 nmaterial. Meter

el ect rbhi cs 20 HI&Sc bridesddlie fallovenge desqeipléorhilspitGpedific Pramsles @oteadh those
provi de depsi L.y flow rate, .an rat.ure informati ver

Deh 26, Calnigin B g licCondlRS ACHBERRAY L8 i RPER, Y M Rprpose
i nvent i on. ofAteSiiing bdventil © WhtBless bsH€ tedfientivBaldgpedts hade detheughlifidd or

LS apparent i hse Siled 2he Mt Wi arecimts At ions s s eR ook St fall
within the scope of the invention. Those skilled in the art will appreciate that the
20  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 Coriolis flowmeter 5 comprising a meter assembly 10 and meter
electronics 20. Meter assembly 10 responds to mass flow rate and density of a process
25 material, Meter electronics 20 is connected to meter assembly 10 via leads 100 to
provide density, mass flow rate, and temperature information over path 26, as well as
other information not relevant to the present invention. A Coriolis flowmeter structure
is described although it is apparent to those skilled in the art that the present invention
could be practiced as a vibrating tube densitometer without the additional measurement
30  capability provided by a Coriolis mass flowmeter.

Meter assembly 10 includes a pair of manifolds 150 and 150", flanges 103 and
103" having flange necks 110 and 110", a pair of parallel flow tubes 130 and 130', drive

11



could be practiced as a vibrating tube densitonmeter w thout the
addi tional neasurenent 30 capability provided by a Coriolis mass

fl owret er. Whbgyoagsenbly 10 includes a pair of manifol gl@Tli:@gO@@ql—m
150', flanges 103 and 103" having flange necks 110 and 110', a pair

of parallel flow tubes 130 and 130', drive 11 WD 2007/ 022118
PCT/ US20061281a01:3n 186 atrapdratmd Ssort léﬁpmrdaet pairofSehsdty sk@drs ML andilaioR.

of velocity, se 170L 1708. t ubes, 13 130’ ..have, t
ossent | al | YISt RGP0 it D" s SV ool R e R o pe B adgd iy
134" whi ch1%9 NYLEGE] IOV HScR9ElTe WREs @lohidiiWat HER rﬁwﬂbuﬁtglgml@&dﬁzo
120 and 12 Fl ow tubes 130 and 130" bend at two synmetri cal

| ocati ons ahdhi't Ko tubembtthas! BRtbendet Bussmunealricy! lpeatipns elong their length
h h i f h
L UINOU o PR o ARG RO AR 100, 1Ay BEYR01 00 9B/ 4RE 4 e

131, 131 dﬂiﬁhe]tﬁéamiman@W'fabOWWMbESach&&vﬁﬁdebBﬁﬂat&ie fixedly
attached to flo e | ocks 120 _and 120' _and . these

inturn, are fi %ﬁl@el ESL ]nagni?f Pﬁ 0W5@%ﬁ§0%@130!m?§xed
provi des azgQmbi RUOMS ofd Qﬁ@&ht 5@l 20801 3 ahdh £t
assenbly 1% When flanggs 103{%% 103’ %%av?{ﬁg ?kﬁes 1§g§ ﬁog@ﬁ ey
connect ed, atfdched i1 menifadd] 3Dandafd'. oliik ptovainad aTodtinious olosepmetebpdti ne
(not shown rri es t he ess material that is being
rreas_urm ﬁfg\é\%hi(g?n ﬁtné? r%ﬁ?ﬂ“@é‘g of the meter through an orifice

101 in flange 10&ehSlat@ndusted 10BT Baah Reaed f0D halled' 4@ chhewiddubR inlet
mounting bl ock 120 15 havj ng a surface 121. Wthin manifold 150 the

material i $&1 %A aputlste tnte ppeegs live| (el shawes whid carrips taoprocespon
t f | '

exi 110, {1 Bt PR A80aTHok 0o, 0 PEAREER: 1B BBl 3 SERARbOSHL

exit end 104in ﬂmgaé@i m:bcmxdu&tbaﬂgeugtﬂﬁémfm& 1 hytcoiddw tiktel resudkRe bidak 12he

D bor onFi at BRGAh oriten 1ob: TRER PR EEhE ) TDOMAstiRtIo B BreRerouiRs. Bipueh
120' so aSﬂé@rﬁl?e\é%@uHétl@@t rLﬁJolnkxitL}@ FRAMELERES) st %%‘%@W %EIPESS

of inertia and Young' s nodul us abo bendi ng axes W-W
respect i vetegombined an b singlersreameitigo ntanifoldgls Obarsicie theasafiet atuiediah ek#@nd

| nasnmuch a I tubes change wth
enper at ur L4 Aot RH Y aig 0P ot peles 2t B AR RG0 e st p
density, resistFye thes¥pS0anEN180ueE 8ééd AddTp ré&ﬂtdlysnﬁaﬂﬁm@itﬁeql%mbe
flow tube 130', to continuously measure the nperature of the f

t ube. Fhe H@éﬁ%@r‘é@@kﬁé%fﬂnﬂﬁ@of%&ﬁﬂ@ e S&hﬂarﬁ@&la’éhq mwmam@@mbunon,
appear | ng A6LAAS drifrRTR Pbulls @Al S BllRASRL A TRELLRPLRMAN 1S

governed by t e tenperature 0
respectively. These bending axes go through brace bars 140 and 140". Inasmuch as the

-

Young's modulus of the flow tubes change with temperature, and this change affects the
calculation of flow and density, resistive temperature detector (RTD) 190 is mounted to

25 flow tube 130", to continuously measure the temperature of the flow tube. The
temperature of the flow tube and hence the voltage appearing across the RTD for a
given current passing therethrough is governed by the temperature of the material
passing through the flow tube. The temperature dependent voltage appearing across the
RTD is used in a well known method by meter electronics 20 to compensate for the

30  change in elastic modulus of flow tubes 130 and 130" due to any changes in flow tube

temperature. The RTD is connected to meter electronics 20 by lead 195.
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passi ng through the flow tube. The tenperature dependent voltage
appearing across the RIDis used in a well known nethod by neter

el ectroni csy@hob/pe@npensate for the 30 change in el astp&r Qi 45719
fl ow tubes 130 and 130" due to any changes in flow tube tenperature.
The RTD is connected to neter electronics 20 by |ead 195. 12"WO
2007/ 022118 PCRoUSHORGHE23 17 3nd BoY' hrd drdsntbyhBBiel 380 mnehpdSit dissceons
driven by driver 180 in opposite directions about their respective

bendi ng a@esutipeintespyctivg gendingpsgs Vand &Y \aed o weatis fgmeg e i 0'thse
bendi ng gsseoéenhg}g r{]é) VUFRE, EFlowiates. Q‘Bis\&?ivgﬁfé&ﬁ&hﬁml%%ag%ggﬂ

any one novvn arrangements, such as a ma unt e

fl ow tube ohB@fnmn}zl vl ldmovprosingenents, sushoass magre nfdunwdttq iflow1t8be &34 and

t hrough which an alt.ernati ur r.ent ssed for at i.n bot

1 oo 2 apedn hpain toif ogred o BPRIEH 140 mgRRRRE po i atiatteRia B8 st ia

20, via | ¢asked 88 vibRtidp bY@ ARs ARk SAskitbble MRV sigplleck ;s;maa@? Iﬁ@er

receives the RTD tenperature signal on |ead 195, and the eft and
ri ght vel ¢tgefrpnisp é%a‘{lé 16@9;38&&@5%%@@@%@1&% and 165R,

respectively. t ody r

appearing on | 2@%8 eé%&%n?égﬁﬁvrégég?%ﬁr%gngTﬁé O a%r%ﬁ%lé Elgna%edn;ﬁu cglssgjg dglr?d
130" . Met eéft eheriflitoriaiy 2nplseppsang dileadsabtLand 165Rhtespweetioayt eter
S oD ot O R ot ol B B S0 an
i nformati %ra%lt%‘& 1‘B'Otalﬁdng'erMbt@1f SEMRIE R0 ﬂ1§ces§e@%é I%@t ) r@% %locny

el ectronics 20 over path to utilization neans . shows
met er el ecigrekiand tlzeoRa?chgrml pycanpuie the miassl ﬂmtatecﬁndtth@dmsww thgrmaterial

pr ocossi nd ey BRYEnety i RSl dRaCRrREk 355ethn S8 Armpedgns

second sengglicdbghates clet@FMibNB0 GRdrPatharpsi niglliyatickOmeE14C0. as
pi ckof f/velocity sensor signals. The nmeter el ectronics 20 can operate

as a lfmss fl oWhEt 2FhYs maler slselrenies Aacsordingsioranrpabodimen of the ingention.
operating 2 e

processes ]Iq’%erg?tgp&%&%dﬁ aS gcé;ah eé]ega{grmt:sgffgc‘!?dsl %nr%Ie 1 }g@ E%Sg& §§Sot%19a2|0r%' The
fl ow char asdterdlsittonics @0 rededvds! forse amﬁtsecrmdlserﬁsioomgngs filorothg mdtérenspatidy

assenbl r e t he meter roni cs, 20 can_determ ne on
o?srmr eym31 Su“%ﬁé?é":& W@%"é‘ﬁ’é&nm& SIEP% ih%?lelﬁe&sé jectranigs ?gﬁ%ﬁ@éa’%ﬂf?

a density,nag %%&ércﬁﬂv cﬁﬁbﬁeraﬁ‘:rég a%enéiﬂﬁﬂé‘ﬂ@' AW ASfRrdiin@ s altGorRAms or

signals, for exanple. In addition, other fiow 25 characteristics can

be det28r niffesxeier; GFii mefet decthenicsRfarbiasses ﬂ’rmﬁrsd em@sawm@semmsszmm in

di scussed el o, The, Ahase LG L SP6R 415 SR APHbR A L% hsdvency
assembly 10. For example, the meter electronics 20 can determine one or more of a

phase difference, a frequency, a time difference (At), a density, a mass flow rate, and a
volume flow rate from the sensor signals, for example. In addition, other flow

25  characteristics can be determined according to the invention. The determinations are
discussed below.

* The phase difference determination and the frequency determination are much
faster and more accurate and reliable than such determinations in the prior art. In one
embodiment, the phase difference determination and the frequency determination are

30  directly derived from a phase shift of only one sensor signal, without the need for any
frequency reference signal. This advantageously reduces the processing time required

in order to compute the flow characteristics. In another embodiment, the phase
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faster and nore accurate and reliable than such determ nations in the
prior art. In one enbodinent, the phase difference determ nation and

t he frequengg 6@oerid nati on are 30 directly derived frosrayuRhes&i713
shift of only one sensor signal, w thout the need for any frequency
reference signal. This advantageously reduces the processing tine
required ﬂﬁfmrd;eﬁs tarived fpm phdsh ehifts ofbothaemot sighslt, wisile the faznodrvgds

enbodi nent hase, 13 022118, PCT/ US20Q6/ 031713 ference
o Gr | v ou P B SR e S, SErals THEP R ATt ey af Bitb How
frequency tlaradledidieshnbinem ol RiemBRa s uichThdtér 1Bhd Bothe plibl &t.
increases the accuracy of both flow characteristics, and both can be

det er mi ned nuchThagxietart ﬁafﬂ‘lleilﬁ}’ fetermination raethodsTaicplly ke 4rd sebprdpiency
det er m pat ?ﬁr‘? I{EJP" 105k ot pt‘h h,?f i&@teﬂmi%aﬁ@& Q&gﬁ?fé&%ﬁe B‘R@lﬁéﬂaﬂ ik

contrast, requency He ion accordin e invention can
be perf or padornedas ak littlel a8 5a}sm15lﬁbemﬂdls i(Bec dhcta fém)freqﬁ\zﬁ@ daathefiation is
frequency det ] t enpl at ed, . dependi g on the type and

er n .oNn IS
confi gur at F%ﬂ%ﬁ#ﬁedﬁ%@@gaﬂﬁ e padron %‘fﬂt@&ﬁ% %@"%S@l@géyst@ﬁethc
vi br at i onakahGaROARS thdWGibFdtichfl resioR&S thetfﬂﬁ'erg?z@é R &ﬁhlétfi’érﬁ%teseétﬁ Aft

the 50 ns frequéncy determnation raté e neteér e ectronics 20
accor di ng ths Yrmes feqienvEdeteoningtion tate, discutteridedtioniss Heascerdingtarihe he

pri or nt er.f ace recgive sensor signal from one of
t he ve OCI nmgté%é&bea%?ﬁfg&ﬂﬁeﬁ%ﬁ @1;15% &ds 100 of FIG 1. The

interface 201 CThe PBedfRE M) 8 Mk vRS ER S AdOY sfghalci&ﬁhlbﬁéoﬁﬂﬁ%locﬁy Sensors
conditionin such_as any nanner of formattln 2gﬁ)llflcatlon

buf f eri ng, 2@&&“‘%\”@ Hatthe/erds 1 ke Igr L.aflhe ﬁﬁerfq‘?é @ﬁlape&f@‘ﬁtlm oni ng
can be 15,petd-of BEGks! ?d 15, alWoﬁ&ﬁ%ﬁhg%sﬁ%ﬁ% %) 1?19%11 rlo? s (?rﬂ%'ttﬁﬂ the

interface 201 can ena ommuni ca
el ect r oni cam@bficaiahnebulfaring] etdemihraﬂmtwaly,esomet@*raillaafehéﬂgnaia:ln&momagamEe
of any nner, of . .el.ectroni.c, agé or wireless conmunication. The

i nt erfé Eﬁfowddﬂg‘eé?%%eﬁf’lﬁﬁﬁi’ upled with a digitizer 202,
wher ei n the 20ISRMIS RN, ﬁiegﬂﬁkfa@eozmrdaﬁ%ﬁam@o&ﬁﬁiua&aﬁ&mwéérgﬂ@heﬁhe

digitizer 202 sanples and digitizes the analog sensor signal and
produces aclg¢tenies "Os@ﬁls(t#ers@lgiﬁaices THe idiegfacs 2@ ca202 wanblalo§ eny menteooi

any needed ti n the di.gital sensor signal is decinated
in order g&%()é{rgo 8%1 ‘ﬁ%&ﬁ%“%?fm%‘%“d glo Pprocessi ng needed and to

reduce the proCEssinkgfact 081 inlhie dhepidibént cotipldd Wigh 8idsGiss 202, WhdiBth She
detail bel ow. 25 The processi ng system 203 conducts ogeratl ons of the
8

met er #] ecioRenysnad gorapidses 3p GREES 8epspT Bgnake Abe digitiver 307 pumplehend digitizes
fl owret er ﬁé%ﬁﬂg!g)éeﬂsgr sigi'ﬁ aﬂﬁg?&iéésrwdiéi’fﬁtsgﬁaor signal. The digitizer 202 can also

perform any needed decimation, wherein the digital sensor signal is decimated in order
to reduce the amount of signal processing needed and to reduce the processing time.
The decimation will be discussed in more detail below.

25 The processing system 203 conducts operations of the meter electronics 20 and
processes flow measurements from the flowmeter assembly 10. The processing system
203 executes one or more processing routines and thereby processes the flow
measurements in order to produce one or more flow characteristics.

The processing system 203 can comprise a general purpose computer, a
30 microprocessing system, a logic circuit, or some other general purpose or customized

processing device. The processing system 203 can be distributed among multiple
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203 executes one or nore processing routines and thereby processes
the flow neasurenents in order to produce one or nore flow

char act eri sy em70k® processing system 203 can conpri sep@r/98R6ddh713
pur pose conputer, a 30 m croprocessing system a logic circuit, or
sonme ot her general purpose or custom zed processing device. The

pr ocessi ngpreystiegd2fides; Aheleockssibg sjtdre 40 A omnigichidt tip remdr dMitegral or
2007/ 022118 ,PCT/ US2006/ 031713 prqcessi evi ces. The cessi ng
syst em 2031ESRFRAFE elrdBoRAyIRgHTEF! wﬁ%ar Stypge Wffé‘bg{% ent

el ectronic st Orﬁﬁ%)rg&géiﬁghyﬁéiﬁQO@%réc@é%ess{h@rS@i%r ¥ 851811048 brdef B8 determine
processi ng system 203 processes the sensor signall 210 in order to
det er ni ne omgme nure fowechiat avteristiey Bromdhd snbasignab?i Q. hBhss@resyrmaese ghos

210. The one_oQ re fl.o characteristics can inckude. ha

i 11 er enoethutier BhtrcsroySetds § AR SRl S iflor FUHE SRR B,
and/ or a dg@asiflow fa, ahfver b densityerbeme @ow heerig fstRlkemplen t he

enbodi nent shown, the processing system 203 determ nes the flqw

char act eri st i cdnflresmpeimenichesis e PEIcganSsystem Avgdgarmigesthe faw

si ngl e sensy i i I i : an
determ ne %’%Eﬁcgegg’?@%%%ﬂp a@éos I %‘%res?%%%:seﬂ?%ngr%gf?’ﬁ%%@é%‘g%\%gb@ r%ef t he
t wo sensorplssgsiaft£121Thapehc2dsingndiehZ)3siangleerpivese laki tht ph2eIliffédsne
result, eithe first .or second phase shjfted nsor. signal . (such. as
one- of 14 herridihe Rraiie o e v SOpRERIT L bR GhaN P ddan ShE e bEeth
by the progessiidreyis afbr2dBrst BE&RLAH Achst ohikbe _s'éﬂQM@églg?a? Isuch a9 bﬁﬁxg e

determ ne a phase difference, a frequency, a tine erence (
and/ or a nesstredrh ondewnwreoy pickedt s Jrran &e ipsdcessed byhke progessie systemei3

204 can store £10 [ raneter da f t.war rQutines, ..
S e SRS TR Bl M AIRE AL S0 06 AL A on 3R d MRl oc W UNLORS o time

system 20differptaidey aholst bmess floatraRrfer by €lout @etekiyl. t he processi ng
system 203. In gne enbodinment, the storage system 204 stores a phase
shift Youtine ZHE storagnwysiemi?04 eanctire flopginterparameiers and daigy wiyare
routine 2 Anct ] i {Ak) i

char acter 312)%1 fin'lgesS ’ %dﬁ%ag%{é&%lsg Qﬁf‘rﬁ one ‘Fea%d ?[?ngﬁ%gm?ﬁdgglg ?té frﬁléeg%b% %%%F%m
204 st or es2Bfanclafdsesuinssdhitaropecat:e ba the provereing systamcid3 adn vhe

Coriolis fl ter 5. The storage system 204 jn one odi, nment.

Stor es. varTamIgLeL, Bk ket ST dahEbpias ghil S5fer 2T et ereace
sensor  si@ighe 2kl o MBLEIRYELRINELDS, ¥ AfheldBERAOE A RIS Y1 Plgk Affow
sensors 170L and 170R” In”"25 addition, the storage system’204 can

st or e A 9(chdeagtenistigsirauénshif.t 213 that is generated in order to

determ ne the fﬂl e 81?1%5 G leS ,I d étgr%ge system 204 stores variables used to operate a

flowmeter, such as the Coriolis flowmeter 5. The storage system 204 in one
embodiment stores variables such as the first sensror signal 210 and the second sensor
signal 211, which are received from the velocity/pickoff sensors 170L and 170R. In

25  addition, the storage system 204 can store a 90 degree phase shift 213 that is generated
in order to determine the flow characteristics.

In one embodiment, the storage system 204 stores one or more flow
characteristics obtained from the flow measurements. The storage system 204 in one
embodiment stores flow characteristics such as a phase difference 220, a frequency 221,

30 atime difference (At) 222, a mass flow rate 223, a density 224, and a volume flow rate

225, all determined from the sensor signal 210.
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I n one enbodi nent, the storage system 204 stores one or nore flow
characteristics obtained fromthe flow neasurenents. The storage
system 204 wa 2008221bodi ment stores flow characteri sti gsygiels@s1a
phase difference 220, a frequency 221, 30 a tinme difference (At) 222,
a mass flow rate 223, a density 224, and a volune flowrate 225, all
determ ned fronThdghesestgnrosirgrl p2iformd H 9N 0OFhA32 2AiTBon an input signal,
PCT/ US2006/ 031713 The phase shift routjne 212 perforns a 90 degree
phase shi ft%of SF‘F\“’BH?‘%&&ﬁQi heip.h%‘?e,Shg?FOPH’ée% wmegmhodfmento " The

phase shi fim1gibi0e FRkeriha0REneaRONLIRRa P! ements a H Iber
transform (di scussed bel ow). The phase difference routine 215

det er mi nes a phBesephdiss ﬁiéielm@er@éim@lﬁ Ide‘flegi‘iimgi’r @phﬁggﬁf@egzee@ir@‘ths single
hi f 3. L] | 4. tJ i . t
comput & PO T NS A S e P Far DRER! Pk Bocnmane

i s conput ethefphayi differendd. e HRBS Qiffefdngd &l ordldhbddife®as ondp e s the

signal 211, and thegr?;x? degree phase shift 213. The determ ned phase
di f f er encellEhienser Sensl &H0.ithe sacend prnser siendl &1 e rad 1o dreresiehase Jrkiges.

system 204y J @&eﬁhﬁé@p%g% gﬁgeﬁggegﬁg o&%tiﬁgm nﬂ&%ﬁe ?i?f%?éﬁc@%%@gf@lﬁ%‘t&ﬁa e

shift 213, can be 10 ¢ tal ne aster than i
prior art . sybieins2@hnl o mhasel differamre.t wioal detatimfifedrfeons ¢hd 90 phaoemtefied]3, can be

application Vi, n i.gh fl ow r.ates, or, where mnul tj.-phase f]ows ..
ocour 4 n R Fo AR PHEgh ah G St in s EiprE LSRR Magios & rtical

i ndependengifefentd e fsWABRA GNP R0 R BRIz ISENASK rHtedBAYHELI@-phid flows
Mor eover, because the phase difference i s determ ned i ndependently of

t he frequepsyt brpdditiosy the plhpesrdifferanee eandbeplstaintidfindepsndent of hedinggency
t includ 0 f e f erm-pation, i.e.,
There | s not Alebtell SATPANERL o0 Nd ol U EBLEE BRGNS o

Consequent deterntihe iphgsadentlyf dfahefegueRty,ch dn®r todpesht QVee phageSeence
di fference of the Prior art. The freq ency routine 216 determ nes a

frequehcy $688R" Beludp af CEMFBNRRGIHYL ﬁ%’ﬁrﬁw@mﬁz Aelermingtion ds gheraisgival
210 th : i
or t he;acRAdins RSP ‘ﬁ? gﬂ@ée (ﬂﬁféx)enéerxﬂgéeshﬁﬁle%g éﬁﬂgeﬁﬁ%ntggg%%%%y

shift 213. The determ ned equency can be stored int
221 of t hedifesnagereyis remedddver Biphase diffeency/of thhpriodat.er mi ned from

t he single 90 ase shift 213 be cal cul ated, and obt ai ned ch
aster than i n Tiatssprse apfi 31 Sledin i fiuehd B o Caf eied Bince
i n 1 owret&hepitielfirsiabh@n §ighald 10br I8 chbhONnEH B0 1 WBES 1Y T dsphase
flows occur. 25 The tinme difference (At) routine 217 ‘determ nes a

time BYfahapeehiftAly. Bbe delerming &efiansy carbsBerediinthe franonen2l It dfghe
second se ns?(%tgé é}g&:% 2@41 by heTﬁqu{ekgS?, vﬂ{e];}fd%{e%ﬂl%%d Gi‘Aotlﬂ the single 90 phase shift
213, can be calculated and obtained much faster than in the prior art. This can provide a
critical difference in flowmeter applications having high flow rates or where multi-phase
flows occur. |
25 The time difference (At) routine 217 determines a time difference (At) between
the first sensor signal 210 and the second sensor signal 211. The time difference (At)
can be stored in the time difference (At) 222 of the storage system 204. The time
difference (At) comprises substantially the determined phase divided by the determined
frequency, and is therefore used to determine the mass flow rate.
30 The flow characteristics routine 218 can determine one or more flow
characteristics. The flow characteristics routine 218 can use the determined phase

difference 220 and the determined frequency 221, for example, in order to accomplish
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can be stored in the time difference (At) 222 of the storage system
204. The time difference (At) conprises substantially the determ ned

phase divi dedbotdigs determ ned frequency, and is ther gfpredeRd L0
determne the mass flowrate. 30 The fl ow characteristics routine 218

can determ ne one or nore flow characteristics. The fl ow
char act er i thesecalditoma] fiew 2h&actanistitg e Itsheuld e endtmiedd pha aéditidhdl figfoenaen

220 and the determn frequency. 221, for exanple,.in order to
Bcompl | sHIEb SRR 3R CEH Bag 0 e Bt oS T B E5SM T | ow
charact er i glinfpte. The 860 ¢heberitRdesgiRods thaticadsiht %Qﬁh%ls floff Qe Bdrh i

1
may be required for these determ nations, such as the nmass flow rate
or densi t ytimg differenceph)e222T o theusiore fpmaibe phesstdiiferenen2i0rmdzh g frequency

det er m ne owrate . fromthe ime di.ffere ,
Crereione ol Lhte B Gl ik Moss BT il HELFROS o AhdknfRB: 5 605002
forml a foto Tidbererelyiand isragsrpolavd licdtia bysefgianed The dlaks fliatents Mted to

5,027,662 _to Titlow %Oéx{al . ,a{Ld IS i ncorporated herein tﬁé ref erence.
The mass fingwrasaflawiaf melsgal B the meterassemblsold): Fikevew Radem al i n
the nmeter gssguhi il ' Iﬁ)é/\{(]? : M i

218 can al so det g??n%tl%%g?%\%%lﬁﬁ%%gﬂ an fg{rgﬁs[i ezgoa;naﬁr?g@% %c\?v%!raglt%g
225. The deteeiddi ride detessrifiddonass dkow rathe density, andnabluos fow riteman bat®rabin

be stored in 10 the fl.ow rat 23 he densj,ty 4, and the

Dol ool 6o e Bt hOG BRI 10 M hih D S b Sali b r iR o dar sy 20%e
f1 ow char aehgictisélly C $n 6ADLOE the AR FThirk&eridtRs 8t BE Badsnda¥d &PSkierBY! debRes
neter electronics 20. FIG 3 is a flowhart 300 of a nethod of

pr ocessi ngbié@ﬁé%ﬁtefsq1%@ﬂ§33i2ﬁ- a flowreter according to an enbodi nent
f the i ti [ 15 si I
of gt he Lnventi afig. bie $80AREs00 B LLligh o pbcsREoNd, SEnRaLIR Slanale:

are received. irSt sensor si‘gnal can

or downstaceaniiny lkafdntsehaatt of tignalention. 34 app 300 thd fisst e sRbNG b@B&] S
can be,conditioned. |n on%S odi nent, the conditioning can include
filterthg TERaAHETEreREs & Bandst SRR FigRRl SRy RANBLISY Sithshan URsHsaE fent |

the filteriqiehGahin pUMRH SRsPapsdapass filtering centered around the
expected 20 fundanental frequency of the flowreter. In addition,

ot her condi ti odhstgp@der theisemsr signals ban preednditivedd. Eumie asbodiment, the
anplification,. bufferin etc..|f the sensor signals.conprise analog
Signal s, (HECECBRESER Hpds TG in PR I R BT B R ASIEBIST A o

di gi ti zat i @ibodaAeht, the ¥k @ EdiabriRRNASkIATIBRgIcBrefddef ot tRE SLheeRd
di gital sensor S|%nals. In step 303, a single 90 degree phase shift

i s gerdr atfsgda dpaueryed tthdewmets. bhadditianeaihet erulitordng desgrtéms can
phase shi fy, ﬁ%@fohggd,%ﬁ&? 2l aﬁf;l%ﬁlciOn,ﬂﬁ?fe%gg,de?g rl?%heos%%gc% s%gqliaistcomprise
analog signals, the step can further comprise any manner of sampling, digitization, and
decimation that are performed in order to produce digital sensor signals.
In step 303, a single 90 degree phase shift is generated. The 90 degree phase
25  shift comprises a 90 degree phase shift of the sensor signal. The 90 degree phase shift
can be performed by any manner of phase shift mechanism or operation. In one
embodiment, the 90 degree phase shift is performed using a Hilbert transform, operating
on digital sensor signals.
In step 304, a phase difference is computed, using the single 90 degree phase
30  shift. Additional information can also be used in order to compute the phase difference.
In one embodiment,. the phase difference is determined from the first sensor signal, the

second sensor signal, and the single 90 degree phase shift. The phase difference
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can be perfornmed by any manner of phase shift mechani sm or operation.
In one enbodinent, the 90 degree phase shift is perforned using a

Hi | bert trm@fz@nmzmperatl ng on digital sensor signal Spct/BsHh@R1894,
a phase difference is conputed, using the single 90 degree phase 30
shift. Additional information can also be used in order to conpute

t he phase dififreseenpbase differenes mrthorbispene sightlel @hiasepidkdff esrBOG ehat & seen
det er m ned fro the .first sensor. signal, the econd sensor signal,
and the si M 8%?)88%@]1’% aoh s e Sihr Yﬁlgl’i?ﬂ:gf?)?ﬁ% vd %fference 17 WO

2007/ 022118 PCTT&&%Q@%Q@EE@%&&@&HM g&srmanBRERodithd ﬁé@%ﬁmﬁécﬁ@my
response S|qnal i.e., Inh a pickoff sensor, that is seen

Coriolis ef#erinthycelpelatiomnr Bag wgulm efnasaﬁsf&mop cggbe vh@meésmmﬁm fnger

h di f f L gl
Vaiue i 1 e Afals AEHRES G bR ped RISt Pl B EHRe s
obt ai ned nugfeafeastairacy thinam phasp ldfseetteichietRRcastR LHéQle@tly.USI Ng a

frequency. The resulting _phase difference has a greater accuracy
than a phase dlﬁ"fS e 2 dEABENCH AL ePriisty thf?wggqycgpcoqchn%ﬁoetbe BUSHU%

frequency iusaoaiibedy HBulaHeREOIIRENE AR iy BS: FOYRALY Blbnd

advant ageously conputed fromt Ift requency
in one endrobiddimant usseﬁlet%edegﬁ:edégwwlmm*éleshrréipoadnitgtshmor signal from

e dor Foea LR Peieabneios SRR Ao nde o Rugbn e Frulimanes e one

of the firgtqeensefos (ﬂﬁﬁé fiesh SerfshesiSRe aREhS QBRI sehdbh algnbf (Rt Q:ﬁ‘equenczes
frequenci es of the two sensor signals are substanti al l&éél dentical in

oper at i on)9f trpBve pegoyisneals esspbstatislly identealdn eperptisn)e dhedepuenssponse
f the fl
o e Tousueoi ot bss 0 MCBLAL S0 QFURE 1 A Bk s 11

any i ndepegmerdted Hyr thedeivey180ef er ence signal. The frequency is

obt ain fromthe le 90 ree phase. shift_ in an_operation that
is rrucﬁéjf aster ﬂ}‘?di “gn‘%@uf)g?r Yedds potaippd wiGey) the Aged o8 gue Réspeent a
great er acGsiRaYy lte@&en& sﬁgﬁwﬂéﬂ V@f&he}u s%ﬁo?ﬂnéd’h*&lﬁ‘%hé&%@%?@rdte%la Bhase

step 306, a nmass flow rate of mat'erial I's conpute
fl ow rat e sheft v ereemginnclatfis mnchtﬁastmélmmlmrth@prmrm Tiefieardtng frequredcy he

resultingfr enc ute St d305 In addition, the

mass flow Tt 'é n%fﬁcﬁ %3%689%635‘@“8 H PHigF fer ence (At) from

the phase diff qnete@es, 0818l miabeflbw ety e yw nthtbrial i Gorhhured dThd %W&N rate is
(At) being ultimately used to conpute the mass flow rate. In step

307, t#e cowgisd fxem teptoswlitiae Phassdliffeerqeminddn revwising diegiengy sappbisd in

steps 304 and 305. In addition, the mass flow rate computation can compute a time

difference (At) from the phase difference and the frequency, with the time difference
(At) being ultimately used to compute the mass flow rate.
In step 307, the density can optionally be determined. The density can be
25  determined as one of the flow characteristics, and can be determined from the
frequency, for example.

In step 308, the volume flow rate can optionally be determined. The volume
flow rate can be determined as one of the flow characteristics, and can be determined
from the mass flow rate and the density, for example.

30 FIG. 4 ‘shows the meter electronics 20 according to an embodiment of the

invention. The elements in common with FIG. 2 share the same reference numbers.
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25 determ ned as one of the flow characteristics, and can be

determ ned fromthe frequency, for exanple. In step 308, the volune
flow rate cgp0@fkanpal |y be determ ned. The volunme fl opcratkas§@ihe
determ ned as one of the flow characteristics, and can be determ ned
fromthe mass flow rate and the density, for exanple. 30 FIG 4 shows
the meter el ectTignhesr d6cteqtey 20 Mghiks embbdierenotticheies theffirttvensor signal 210
i nvention. The elenments in conmon th FIG 2 share the sa

[ of e ence. FBEFONT SESOLFIZHY 7/L00 3% BoseSF NGy B8 B oeesseprae it and
el ectroni Cgc20q gﬂ%rm s%n&ffté?@iaﬁeﬂt{) eene@h Pﬂ?&d&% JekdrlinesSGRIR Mk 917

210 and the sec sensor si gnal e processing system 203
processes rtltveadtmrrsgts fo the eigoald. M@gmcaisw dsmssed, ‘élegmalosnml@ﬂa*ﬁd 211
in orde er m ne an w ch racterlstlc

Slonals ARty hruthe BBi dHdthuet SPARe ¢ 1S aikeRe ds, -

char act erlﬁﬁabsﬁﬁmﬁ?&iela"@e}nbﬁ@ﬁ sadfpbaselueid ey ene tor the flwauancsl, a tine
difference (At), a nass flowrate, a density, and/aor a volune flow

rate for the flBiherambedigent shovi, teduersaiing mistasm dh deteraings Hedlosi ng
system 203, &?&&%%@g%a&;@} hl%%o%gﬁéoﬁﬁgﬁ&g AT dﬁf 10%91%{1%}1%%?& PR any

sensor signa wi t hou need or anfy externa
frequency estaselr &mﬁcgamdasmmhm tnd wéthoeiehe herd fanaexttemabirequeaguency

10 referen nal . rocessin 03 can d ter e at east
Lhe ohil e sl DR R Sy i A e b ca g B st Giteraice
210 and Zl%dﬁéﬁ@aﬁer%z%n?ﬂl%'t)ﬁvo%ﬁé&@%ﬁﬁs 2ibendbpr.age system 204

stores a phase shift foutine a phase difference routine 215, a
frequency routi Aewzaﬁxevwwlyrtbs@sseﬁethe ﬁt@éageﬁwtemr%ﬂétﬂ‘mes 2pizase shidt rutine

15T rot carBameieGRE REge P REeaBhab ARRUTV G B g BT Ao

storage sysh€ae 207 a@li&(ﬂovs bioh@Serdtiks Foditin® 01 8leTheop ?asyastahlzf)n stdis3 tand
a second 90 degree phase shift that are generated fromthe sensor

si gnal & i nfigh sRxor Benpd 280 andihersgeord sepsor pignalcildr jIdeistosagenysiggs204 also

previ ousl ygy

difference géeg%ﬁ%?é qe%%@%%&%g%ﬁﬁcg%%%d g? ?F%?%h@%e?’ﬂﬁﬁﬁz , the
mass fl ow gaie&taﬂﬂomtthesaﬁemsﬁggal%@rdamdde’fﬁﬂnmbehe/ﬁ)dm wharbtioristicat As was
225. The phase sh| ft tine 212 perf ree hase hift on
an i nput sPTgi’Wéﬂusydﬂ%’?Eﬁsﬁaa fh@ SOFREEI SWW%Q@E?@?F&%F Pg d™n t he
second Senﬁ@cﬁueﬁbﬁ@@ﬂ ﬂ;’é{%neﬁteereﬁmgt) Bhi b nqa@,yhb@erat%lzésl ﬂle%ﬁmty 224, and
embodi ment i npl enment’'s a Hi | bert transform (di scussed ow) .

phase 2 f f deconbeng Bowirate 2235 det er mi nes a phase di ffer ence USI ng t he
first 90

The phase shift routine 212 performs a 90 degree phase shift on an input signal,
including on the first sensor signal 210 and on the second sensor signal 211. The phase
shift routine 212 in one embodiment implements a Hilbert transform (discussed below).

The phase difference routine 215 determines a phase difference using the first 90
25  degree phase shift 213 and the second 90 degree phase shift 214. Additional

information can also be used in order to compute the phase difference. The phase
difference in one embodiment is computed from the first sensor signal 210, the second
sensor signal 211, the first 90 degree phase shift 212, and the second 90 degree phase
shift 213. The determined phase difference can be stored in the phase difference 220 of
30  the storage system 204, as previously discussed. The phase difference, when
determined using the first and second 90 phase shifts, can be calculated and obtained

much faster than in the prior art. This can provide a critical difference in flowmeter
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25 degree phase shift 213 and the second 90 degree phase shift 214.
Addi tional information can also be used in order to conpute the

phase diff eg8neenilpe phase difference in one enbodi mepbrisS2066684uEed
fromthe first sensor signal 210, the second sensor signal 211, the

first 90 degree phase shift 212, and the second 90 degree phase
shift 213. afffiecatetschavinpddglpfiaweatds 6f ehen cali-aphasdeeflstooedr.i n addeioplihse

di fference 220 of. 30 the_ storage stem 204,..as_previou di scussed.
The phace. BReeaREsRRe: oh bR (BT BERITERORER Y hrCaTerey oL Inh SuRE HAREH
phase shi f $p ag@P1 heveloss BE@dsnd pﬁ%@&ﬁ@énoewq&eﬁﬁﬁ%@mde atiehtly bhe

« 2

b
prior art. This can providé a critical difference in flowreter 19 WO
2007/ 02211 85eHTnHues20 66 £ag1onpongpphitephiaondiffezanicn goes i seifeniromer srer

wher e [ti- f Qccur .. ln iti.on e di,fference,can
o ot ovm REPARG bRl el B 80 vl f nR ARl SR g 20
and 211. Mph&e\kfisreheoatisarehitat. phaseqkntll sthe phsseidffeenes ditdr@dreduced over

i ndependently of . _the frequency, an error conponent in the phase
di f f er ence2@be¥® difereatn oidhe PRATAN error 5 conponent of the frequency

det ermi nati on, irhgﬂe%%éﬁ% Foulifie B96 B%Hﬁ;rlﬁsgé gﬁgl?ernwfsdcﬂ ab B «BNBR&I by

di fference measurene Consequent se difference error I's
reduced ov eitherdhgpfisss seendirf figrak Atkonthe stveng sensor sigtal ZThpIbmetye&mt $0

the 11 78c SefEs b gt wha B Rt d 3 bt Sulel b a5 HePhmisBih ¢ e
first 90 £Qq6le@s een PORASRISH d frekhdnantb 1t dTahs 86RBE sPletl 008 o8 (RBASRLY

shift 214. The determned frequency can be stored in the fre uency
221 of thedistwradelhyEeRINo0a easieéx@meémthedirmég?é@pnm% ase shifts,

frequency, i ; I C . hiits,
can be cal S%{%%Sgﬁ%@%%fg?t%%g%%ﬁ fésgéﬁe@%p%éi&?%%?%zﬂ lﬁf??%irs& gr]{a.% 2

Thi s can pegndaldifferemdeiiti Floanmettrfabpli catiogs havidg eigheloer ratds pir ind@td QOS-phase
havi ng gi gﬁ flowrates or where nulti-phase 15 flows occur. The tine
di f f er éhcellPRE PCFWut i ne 217 deternines a tine difference (At) between

the first sensofysiigRakradfleqRE bifnSLOOMERENS A 1irss Btfkerd }Ap;ﬁﬁ%egn

time difference (At) can be stored in the tine difference (A
of the st ofledesisyrs@migaold?]landihesdcond bgnsomtigall 8§ edThad timetdifference (At)

difference (At) .conpri.ses s tanti t det er m ned ase 20.

i vi ded by e SERARR Gt S Etrane /) afpior Be SRfieraren QUGS geviousty
det er m ne HR3EusI®s SThd @k diffthéhce TR coh@yisGhabasiieNlyshé aSiefPnbd PRase 18
can determ ne one or nore of the rmass flow rate, "the density, and/or

t he voPQimedividsd hydhe detanipedfp@ienry, anidcihsrpdere used to determine the mass flow

rate.
The flow characteristics routine 218 can determine one or more of the mass flow
rate, the density, and/or the volume flow rate, as previously discussed.
FIG. 5 is a flowchart 500 of a method of processing first and second sensor
25  signals in a flowmeter according to an embodiment of the invention. In step 501, the
first sensor signal is received. In one embodiment, the first sensor signal comprises
either an upstream or downstream pickoff sensor signal.
In step 502, the second sensor signal is received. In one embodiment, the second
sensor signal comprises either a downstream or upstream pickoff sensor signal (i.e., the
30  opposite of the first sensor signal).
In step 503, the sensor signals can be conditioned. In one embodiment, the

conditioning can include filtering to remove noise and unwanted signals. In one
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FIG 5 is a flowhart 500 of a nethod of processing first and second
sensor 25 signals in a flowreter according to an enbodi nent of the

i nvention. woasi:epmisl, the first sensor signal is rececyad2oobosi0ne
enbodi ment, the first sensor signal conprises either an upstream or
downst ream pi ckof f sensor signal. In step 502, the second sensor
signal is ewbediven, thafibertngrribodinpent bandlwssﬁhaﬁmg as preg/oouslyi dsaksed. In

corrprlses ej down eam or stre nsor_signal
(PRrtSeh Bl B SR GDera R GE LRI, SR R o ¢ e
sensor si gbafferi@rRtd af aRNEhidr 812abls chipAsLar@dpQsiE ) the difiecan further
conditioning can include filtering to renove noise and unwanted

si gnal s. | AOBAESe oy nymaep o sappiinggdipitivatimp coé Aednation thah#rgderfermed ithe
filterigg gﬁ&r&?ﬁ%ﬁh&e&gﬁ?%&?ggﬁégt ering, as previously discussed.

In additi er con i'oni ng<operations can be performed, such as
anplification, Ibstéf 804, rmgﬁrsm&:degkefe Jihase shifio ssogensiagehl Thecfomt( é@rmﬂaﬁg

i gnal h i.ng,
i i i 2ht ecLehcan, Lyther o con 8 Bl bt For st o TRRD0 668hes phrse e
di gi tal Se@ﬁl?trcaﬁ'bggﬁﬂ%rméd“b}?&ﬁpm% ofmbtH S tsnd O @}f@é&@l rzﬁ%ﬁe edBbditnch®

generated. The first 90 degree phase shift conprises a degree
phase shi f theft0 dageed phase smgnewfmd aping THEleO tthngfose, ppfaete&g erhdligttal
can be erfsé)rsmed b% any manner of nmechani smor operation. In one
enbodi nment ; SPHEERHS ‘degree phase shift is perforned using a Hil bert

transform oper & 89503 abe@iddd0 delfeesAsOthif igfmetted. Mikts@porkl0N) degree
second 90 degree fFhase shift is generated. The second 90 degree

phase sm f PhessBifl ewnprises o 99 slgeise PhrwSBIfEef the sesond sensepsiand- Ssris e first
|
sonsl. b%e?gwezsh% . S5 8e Page i8Rt be pLitn Bl et S lingE

In step 50mecharpha$3eoﬂerhﬁm ence is corrput ed bet ween the first sensor
si gnal usi n he first: 90 de

ohTe 280 e TR Rl e R is CORRTha bR B 1 SoeeE HeE AR

can al so behgeghd %n@dr%‘%‘%nal Qnsfﬁ%%‘élﬁﬁt 9@8@?9@&%5@ 91!11@@1'&1%&%0011@9@8@@%
enbodi nent, the phase ditference is determned fromthe first sensor

signal, t heh@secsbtfﬂ Addional ditigrmitiontdas aisprbstuse@uwgclete cohwyte thephase
and e CEReA0 SERREER RS Sl TS NORG S SRE, o
two pi ckof kigagngRrsscoddiRhsdrsighal thedfitet $(0ddghe: (ERkd sHifisarki the edcohd 90 lAegree
vibrating nmeter assenbly 10,
20" phase shift. The phase difference comprises a phase difference in the response signal,
i.e., in the two pickoff sensors, that is seen due to the Coriolis effect in the vibrating
meter assembly 10.
The resulting phase difference is determined without the need for any frequency
value in the calculation. The resulting phase difference can be obtained much faster
25  than a phase difference calculated using a frequency. The resulting phase difference has
a greater accuracy than a phase difference calculated using a frequency.
In step 507, a frequency is computed. The frequency according to the invention
is advantageously computed from the first 90 degree phase shift and the second 90
degree phase shift. The frequency in one embodiment uses the 90 degree phase shift
30  and the corresponding sensor signal from which the 90 degree phase shift is derived.

The frequency is a vibrational response frequency of one of the first sensor signal and

the second sensor signal (the frequencies of the two sensor signals are substantially
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The resulting phase difference is determ ned without the need for any
frequency value in the calculation. The resulting phase difference
can be obt yspHueRk faster 25 than a phase difference Pé’ilfﬁéi'eé’lﬁogfjm
using a frequency. The resulting phase difference has a greater
accuracy than a phase difference cal culated using a frequency. In

step 507, 1@erft1rc§1CIH%B§ﬁét1b1® CIQﬁFfEHqﬁQﬁcymﬁ‘x fneme@moﬁ@lc:ﬁaécgm@ fesponbeof the
invention is advantageously conputed fromthe first degree phase

shi ft and flayaubseerdieviobes tgagikation aeneraisd ot the fiiges Felyuency i n one

enmbodi nent use &

sensor signal ?I’%%%\%ﬁl cﬁ%ﬁe&gggﬁgseorbz%{ﬁg%go@%%&?s dér{ﬁﬁ%e%éﬁh
frequency freguencyirbfeadricosighall eEdpdisgedayes| u‘mnmy,d diforrothe Q@fdegh:e phasesshifts
sensor signal and, the seco sensor. sj gnal hg fre es of ht he
two sensor &R GRgRdoT gt ﬁ%t?rat?\ t%% Obhessiitiae feduency has &

PCT/ US2006/0:3dr ek Surabyitinh h%@équeﬁby%ﬁh&&edqﬁ)the P et equency conprises a
vi brational frequency response of | omt'ube or fl owm ubes to a

vi bration generlasfepl 50§, a masscitawzate ¢ %@owm@erfa& scpearyed hile ress flpstratesis
bt d t h d
o onal TSR AetE RSB PR AROSRERLE Bl e B B P L G ARE in

in an opersidps 306 bﬁ@b‘(}’r SIner@mdh@ﬁieQﬁaSE fiaty rate dohguptioarcaakbmplibe time
resulting frequency h greater accuracy than a freguency

cal cul Bt edlifferepgra(48} fr@m tm phasp Aiffsreise 3ng thefromency; vath aflélecsiﬂff?rpm
t I ted f th
gsﬁ[;?ng'(@;@% flateQSseﬁqégo%h%ﬂg% ss!fﬁaw%ﬂému ed from the

ce an e resufting frequency computed in
st eps 506 and 30%tepl5A9aticidensiy,cat bptiormlyg b Idetermaned, asqupatedy discusagtl.

corrputeatlrre 10 dif ence fromth ffere ce and t
£ reuency, i A1 o8 4 PrAbE ol e Pl PoBARGSx e S pSlipbE°
conput e thﬁsclﬂj%g flowrate. In step 509, the density can optionally

be determ ned, as previously discussed. In step 510, the volume flow
rate dén opti ondG § iseblael diegiane600 @fsamvm@ﬁ@wm@smwm% FI G

ccor ai ng oA EdhBR R Eiosf of il iibuft b PROFCER S Sk fl Hiher

bl ocks repiresesihg eirtligy or pfodeRER ddgosd/tottinds! YTherblgukadiggamgo includes a
actions/routines. The bl ock dlgg am 600 includes a 1 filter

bl ock 601,5tagedtializs bhodkia{ et stageE iiltgiocky643, P%P@WW%@F&W% ISk 2
and an ;

pi ckof f s:%lhg’?fsl }]&Ugg&gngﬁ%rﬁ ﬁﬁ?t pI ﬁ%#ri%:{%ig I n%dﬁﬁg%% u%ﬁd .
t he LPD orthé hghﬂ'-ﬂ?&afﬁmgm Iiqunit.sEltherftth EPOsetisoR POsiag wainprise a first sensor

signal.
In one embodiment, the stage 1 filter block 601 and the stage 2 filter block 602

»—I‘U

comprise digital Finite Impulse Response (FIR) polyphase decimation filters,
implemented in the processing system 203. These filters provide an optimal method for

25  filtering and decimating one or both sensor signals, with the filtering and decimating
being performed at the same chronological time and at the same decimation rate.
Alternatively, the stage 1 filter block 601 and the stage 2 filter block 602 can comprise
Infinite Impulse Response (IIR) filters or other suitable digital filters or filter processes.
However, it should be understood that other filtering processes and/or filtering

30  embodiments are contemplated and are within the scope of the description and claims.

FIG. 7 shows detail of the Hilbert transform block 603 according to an

embodiment of the invention. In the embodiment shown, the Hilbert transform block

22



In one enbodi nent, the stage | filter block 601 and the stage 2
filter block 602 conprise digital Finite Inpulse Response (FIR)

pol yphase qebiek filters, inplemented in the proceg SySL-Am
203. These%?(ghers2 provi de an optimal nmethod for 25 fil t(ZIF/P%S éelmd
deci mati ng one or both sensor signals, with the filtering and

deci mat i ngsomﬁblngemmm@hamotah@amb@hﬂpm ODheClal O biraeh J00 imfludeh e
sane demmatlon rate. ternatlvely the stage 1 filter block 601

and the stlag@ dslayiblack708|ipprraBelovidnaL EEhlts SOk TR Aillkewipenbhy 'SBO branch
Response (ihkRed dd #BOH UM b@&{keng%ﬂ 35@9&1%% Rab fikditedck . Fink 90

processes. However, it er stoo that other filtering
processes datay bock 70t &rd theg RPO miaohﬂpdeﬁihmdumﬂnpgdsbﬁls ahle BP@

of the i 40t DoroAut Sne RS SapStaRE g1 Giriters salft Trdl abr RER CERA, 1
i nvention. sikikl kie l@ﬂ%ﬂ&%ﬁfoﬁ%ﬂ%\éﬂgﬁy‘m& 1H|tin19§ﬂhht the apsS ﬁdﬂ%@@éﬁaﬂ&gﬁ@

2007/ 022118  PCT/ US2006/ 031713 I ncl udes a LPO branch 700 and
RPO br anchsapanles tiptere Hitesd i dlre IO filise blogle 90 and tho RRP Ajienbleeik 7 7 1Then .

et udos o RABetEgy bt Bhq B ARG BT Srocto (g RSP hin om

712. The Lm@mpi@deamg@dapﬁmﬁ@mma t he RPO del ay block 711 i nt roduce
sanpl i ng del ays. The LPO 5 dgﬁs bl ock 7ﬁ01 and t he RPO del ay bl ock
er

711 thitef or e~ sEieddrbartiesnsiRy 199 %5 5 & firststepigIprauipedae Pise ar e
chronol ogi ﬁ@éslu)’enll%ﬁ efhé Piélﬁolgﬁ?raﬁﬁéﬁm bk %B@r@d&ﬂoggfg ietd, %'ecﬂa%QiPO

sanpl es that are | tere LPO filter b 702 and t he
filter bl oa:dd}'x’lﬁ(z sxg‘:ﬁbks an&@érfblmhi @Hilb¢rdtrknsf@2n. ahice HilberRPOn o modbd;e@(%

saml o5, 1A DETEd FPATG? Ot bl bhao ek i f idies §ladiftce
providi ng oﬁﬁﬁﬁ%ts BFﬁ‘félb'i‘%iIﬁmm hae (b d@% Eoﬁaﬁ@{%ﬁfsorﬁmetlhw o

receives the filtered, decimated PO an PO signals and perforns_a
Hi | bert5t rHﬂbffrt)'FrﬁﬂiIquIﬁeb]HPk Bes thererfawssﬁr@‘rma&h@a@&é@a@eﬂw%a}féénponents LPO

phase-shi f

Guadr at ur ¢ B e BRad valilfe bAoA T 3 Ruorponiys LED t
conponent s. TheTlgiihputk t©fhelHitbedGrads fobarilodr G3xha row&qirmteﬁ&s
therefore provides the new quadrature (Q conponents LPO Q and RPO
Q along with thepar g| g(lm i n-phase (1) signal conponents LPO {g)and
RPO |I. The inputs to""’t he Hil bert transform bl ock 603 can be
repres¥ht ed as: RPBT 4,£05(@ddd(wt) (2) 20 RPO=A pocos(wt+0) (343
Using the Hil bert transformthe output becones:

Using the Hilbert transform the output becomes:

LP Ohi.’bar! = Alpa Sin(&)t) ) (4)
25
RP Oh!n’bcr{ = ‘Arpa Sin(a)f + ¢)] ] (5 )
Combining the original terms with the output of the Hilbert transform yields:
30 LPO = 4, [cos(t) +isin(@r)] = 4,,,e’™” (6)
RPO = 4, [cos(wt + ) +isin(wr + §)] = 4,6/ P (7)

FIGS. 8 and 9 are block diagrams of two independent branches of the analysis
35 block 604 according to an embodiment of the invention. The analysis block 604 is the
final stage of the frequency, differential phase, and delta T (At) measurement. FIG. 8 is
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LPAO ,rnbart = Apo sin(wt) (4) 25 RPCGbnM, = A po sin(wt + 0)] (5
Combi ning the original terms with the output of the Hlbert transform
yi el ds: 30 WdGdomoAls [cOS(W) + i1 sin(w)] = A ,, e (W $&usipiidsims
[cos(wt + 0) + i sin(wt + 0)] = APO ei (at+0 (7) FIGS. 8 and 9 are

bl ock di agrans of two independent branches of the analysis 35 bl ock
604 accor ditage p@maﬁ 6eméaaﬂhprm5rtg ofirst bemtihitantétaminddreplasa Htfﬁ'reaob tﬁ@ﬁkthe
604 is the flnLI ge of tgﬁfre uency, differential Bhas
delta T (ARPHRE fﬂt‘iﬂ’P ) gomgonests. R Tob A hegipagy portion s0b. that
PCT/ US200 G [ ARG o

det erm nes ag%%%%ea %@%ﬁ%ﬁnﬁﬂetﬁhoﬁ@é@e Hyﬁgéﬁﬁéase (I(@gﬁﬁp%ﬁ% usﬁ&gé
(Q conporegnsa sighals, Tl dingle sénsexpigmed pampemyprine TBOUBOtshgmal, ad ehevmionem a

frequency om.{ i n- phase quadrature (Q conponents of a
si ngl ergc éegtatgf&gfncé’npgﬁﬂj é‘ét%ls@nglensor signal can conprise the LPO
signal, as showath®¢mbalimentdfF@GN8thy Shase POFTdM 6D8a bhtheRNR)ySis BiRk.604 N
t he enbodl ment of  FIG_ 8, the Ehase portion 604a of the analysis

bl ock I604 inplydes igisbipeksrf 0B p ek 80 Bo paonjgats lask 892&;%9%131{ engmeat;eoz
804
gnglogpble)c()c@‘gggﬁ ‘?‘%kgﬁﬁkgp %Eld%g% ﬁidélggéﬁ regel ve bo?ﬂ |(rjt1 Bhg:g

(1) and quadr atﬂreqo{n@locﬂ@ Sﬁmmmm&imb&eoéiveabcﬁhm&phassl(bmﬂ gaadtapeas@)t hem
a_sensor

T bl k 802
Ol 0 o Sie B StnsRa s A A P b Smba Fry et DR 507 R
signal . Thengnepé ugEE@ &t Qgérfé@:t sh@ﬂﬂ PheRE e8GR BUhin, %hﬂ?@nﬁé%éﬁ@re of the

si gnal and the LP 85@ , i npléenenting equation’(8) bel ow.
filter bl dslessey $1@¢1e aesmplex gigjtipldatipn btosk 303 mtltdsestﬂhmRFOFszgmalm

et mat 1 ort P oY Lo et e B UG, TR RS e b fReee

i n-phase digitalantr, q;uatdwﬂhafFﬁ{(t‘ Qbr g0omedtabove OThé HReSK18EO805EMRIMpries a
well as to decinmate the signal. The filter coefficients can be

chosen'st o RwRAesRedesinatan filgh tart it weditp Frreedarmspyip pntesf fom dke in-phase
deci mati ony Péﬁdaqpt{a]t&%ﬂé $ee]r$;?oneﬁtrs o?)ﬁ?crg%h gﬁ? Q?@o’% a@@cg @cu?kt@(ﬁlﬁa 805

determ nes the asea omthe In-p ure (Q
conponent sigifal.t lee ﬁﬂeﬂ_déeffs:n&ymsatanmcbhbm tREEmscﬁeg@mmatTdmoﬂihaﬂ@uaﬂg | e

045 show b RrGh 250N opihe o BB D8S e anele Block 805

determines the phase angle from the in-phase (I) and quadrature (Q) components of the

20 LPO signal and the RPO signal. The phase angle block 805 implemenits equation (11)
shown below.

‘The phase portion 604a shown in FIG. 8 implements the following equation:

LPOx RPO = 4,6 x Ay, e/ = 4, x A, /49 (8)
25
where LPOis the complex conjugate of LPO. Assuming that:
ARpo = ALpa =4 (9)
30  then:
LPOx RPO = 4%’ = A*[cos(@) +isin()] (10)
The resulting differential phase angle is:
35
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LPOx RPO = A, Poe-JCvo X ARPoeJ(a'+q) = Alpo X ARPoeic "'+ +4> (8) 25
where LPO is the conpl ex conjugate of LPO. Assum ng that: ARP, = ALP"

= A (9) 3 9 Q(RPO:AZGJ(O) :A2[ COS(O)+i Si n(o)] (
resul ting %@F@r/gzﬁﬁal phase angle is: 35 24 WD 2007/ 02%352‘55@03”13

PCT/ US2006/ 031713 O = tan-'F (11) cos(h) FIG 9 is a block diagram
of a frequency portign of the analysis block 604 accordi ng to

the i nvention. ﬂh@fiﬁegﬁ%gy portion 604b can operate on either(lthe

left or 5 right picl fi ignal (LPO or RPO). The frequency portion
604b in the enbodi nent shown includes a join block 901, a conpl ex

conj ugat e bl ocKFIG02 is abkekdidgran bf 08kq808y porionSRHP ekthewhalypis biapkiceh
bl ock 904, a filter. block.90 hase angl e 0 .

bl ook 907, e Giear WSy b T RUERT AR B onbls e M o
j oi n bl pck:i @0 bidkesaiipes 0D By RROphTBE fréduenay dorldn G0l irathe letbo@ment
conponents of a sensor signal and passes them on. The conj ugat ep%l ock
902 per f or #eWa ieliftsead oubipelg a0 e 2 GAMRlex sRBIMERIS DR 90Zna sEnpling Blpek 903
signal, an . i j i i

b1 ock 003 | ReTaT, aRuidRIEuA pRckbol IRl RCRODY, SpBaghneld SR S0
604b, and tdwstaaftloek 86!, aad a divisibgbloak 988.gnal sanple that is

Tl 1ol adwi ¢ At Brevious chichgiee. e it hiock ofh BreeFis ol TeohgnaD d ©
mul ti p}@ Ca&ﬁaﬁfhﬂ@e%@i cSPBonehREoCORRYR SignAldrid fakdes #ldn®Bn.PITRE Ko te block

mul tiplies the LPOSignal and the LPOconjugate signal, _|r§) enenting
equat i on (30 pevteirmwa cPhgpldy donprgals| cwcksc0ds signgl. daerihe LBOdignal.aind forms a

filter, h. . FIR filt j ously .disc: i,
005 cah coNRRICEoH RAPBRAL SHbCl TRAT P B HERETLer ASninpli otk B
renove har fie fiegué&s ippitior 60K hktetherafirbsalectf b Migialsighl guagicabstie (Q

components of the sensor signal, as well| as . to decimte the signal.
The fil t ephreesdegicelisepider isding o hineldendigtalmian senrle s rﬁﬁlﬁlrpgﬁg B‘Ft?‘tdh%

(ot £8 L ouichsap AL MDN LA B4 Ml
(1) and quadhplivateonKhclcoivpmnkipliss e IPesipROasd grdlPO conjugate signal,
implementing equation (12) below. The filter block 905 implements a digital filter, such
as the FIR filter previously discussed The filter block 905 can comprise a polyphase
decimation filter that is used to remove harmonic content from the in-phase (I) and
20  quadrature (Q) components of the sensor signal, as well as to decimate the signal. The
filter coefficients can be chosen to provide decimation of the inputted signal, such as
decimation by a factor of 10, for example. The phase angle block 906 determines a
phase angle from the in-phase (I) and quadrature (Q) components of the LPO signal.
The phase angle block 906 implements a portion of equation (13) below. The constant
25 block 907 supplies a factor comprising a sample rate F; divided by two pi, as shown in
equation (14). The division block 908 performs the division operation of equation (14).
The frequency portion 604b implements the following equation:

LPOuyx LPO,,, = |

ﬂpae—jml_l) X ALpo e/le) = 47 ngej(cvf—w!_u) (12)

30
The angle between two consecutive samples is therefore:
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The phase angl e bl ock 906 inplenents a portion of equation (13)
bel ow. The constant 25 bl ock 907 supplies a factor conprising a

sanmpl e rat ayfagjpdified by two pi, as shown in equati onpgdfidaooddd®rss
di vi si on bl ock 908 perforns the di vi si on operation of equation (14)

The frequency portl on 604b i nplenents the foll ow ng equation:
LPQ(,,-1)x LPQ(") = A) poe- Eﬁf@t %%rAB oe! (0+0 = A2t poeicnt - a" &@2)
30 The angl e betdieek, Bien sarrpl es is therefore:

2007/ 022118 PCT/ US2006/ 0317P5 @ m =t an-"' ~si n(w - cot_l)l (13)
cos(wt - wt_1) J which is the radian frequency of the left pick-off.
Conver t i ngwhichHz theGradigpmtfrequentcy ,0f the 168 p{ck4)ff. ComveRtihgnodile "Fs" is the
rate of the Hilbert transform block 603. In the exanple previously
di scussed, "Fs" is @gu ;_%w FIG 10 is a power spectrumdensity
plot ofSa pick-df al of a 10 flowneter under normal (14
condi tions. The f undameital frequency of the floweter is the

tal |l est spi f I,he ra n s |.oc t u 5 Hz. The [fiqure
al so shovvsv@@ a1 tB?F?é? f@’f’g@ befitiea OFIH @%&%Beﬁﬁﬁwﬁa@a&&fmﬂﬁ}’ he
first non-fjupdasertat isnpee Jsihe twist node at a frequency of about
1.5 times the frequency of the fundanental node). These spikes

conpri se har monFEG.fildsaenweespestumitsnsiyapterfarpiciafsentsr signprafee

ot her, ,15 hend
i, 40 HRSERL ARG REOAPLAIIES, the Rindefehill ShafTBEPof Ao SRRRIT1ERR
603" accor dilRgt ipﬂce&:fﬂd‘@hﬁh afthR96casddl 4t kbt 8 iR Mhe fThee ks Bi@rs several
transform bl ock 603" in this enbodi nent includes a LPO branch 1100

and a RPO BHgh&gespiles it freapenayamerivam (6 find naadundemsafal yodg inir twist
701 in par ﬁjédggl nC g\léﬁo{! 'OF Lishut lﬂ%eﬁﬁggﬁaﬁ%ﬁﬁgﬁﬁbﬁﬁ%&&é%dd&) tHh e

enbodi nment es only a del ay ore, the del ay
bl ocks 701 spikey aehyperse hampbriiafequinkay sf thad]dveficiercsnd die cEdnhprfsc offlenck

702 9 h hift on th tted digital signal
amph 6151 1 VRASRHe B0 RORS: Geu SEHA MRRE A APy e Vber

transform bl ocki®Q3 sheRY kA aﬁéﬁ%e?ﬂﬂﬁé‘t ﬂraﬁmmﬁo&%bse a8dAding {dﬁa §11%16

processi ng enbodi nent uses the Hil bert transf orniphase shi ft of

one 25 sepb#e sbifigrabodimeny dée Hitbedidrangiorm dlerkiGed” v dipemmleydiment lnﬁedes
phase diff gﬁ_,%gral(ialeﬁ()': la% a RPO branch 1110. The LPO branch 1100 includes a delay

block 701 in parallel with a filter block 702. The RPO branch 1110 in this embodiment
20  includes only a delay block 701. As before, the delay blocks 701 introduce sampling
delays. As before, the filter block 702 performs a 90 degree phase shift on the inputted
digital signal sample, It should be understood that alternatively the Hilbert transform
block 603’ could phase shift just the RPO signal.
This processing embodiment uses the Hilbert transform/phase shift of only one
25  sensor signal in order to derive both the frequency and the phase difference (see FIGS.
2-3). This significantly reduces the nurmber of computations needed to perform a phase
measurement and significantly reduces the number of computations needed to obtain the
mass flow rate.
In this embodiment, the output of the Hilbert transform block 603" will provide
30  the quadrature (Q) component of either the left or right sensor signal, but not both. In
the example below, the LPO signal is phase shifted.
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2-3). This significantly reduces the nunber of conputations needed to
perform a phase neasurenment and significantly reduces the nunber of
conmput at i ORgHBReHed;4 0 obtain the mass flow rate. In tBrfusiensnsi71s
enbodi ment, the output of the Hilbert transform bl ock 603" w I?

provi de 30 t he quadrature (Q conponent of either the left or right
sensor signal, g&,g, In the exanpl e bel ow, the LPO signg) is
phase shifted. 26 V\D”?OO 22118 PCT/ US2006/ 031713 LPO = AlPa
cos(w) (26) RPO = Arpo cos(wm + 0) (27) 5 Using the Hil bert
transform the BBOpud dse8@ed) LPCa, rbert = APo sin(at) (28) RBO =
ArPo cos(w + 0) (29) 10 Conbi ning the LPO original termwth the
out put pf Uﬁﬁgmém%én&&%?&{rpﬁm&utput%eeozmsth the 90 phase shift)

yi el ds: LPO ="AP, [cos(vvt) +0 sin(wt)] = ALIPO el ("') (30) 15 while
the RPO stays t sane; r+4) + e 1(6r+4)

RPO=Ar Pocos(wt +g Oﬂ(i‘”PoLA’PZ %\L’a&r FIG 12 shows the anal ysis bl 00&28)
604a' for the single phase shift enbodinent. 20 The anal ysis bl ock
604a’ in this eRBOd: Apos(ateldddes one join block 801, the conpl €X)
mul ti p catl on block 803, a lowpass filter block 1201, and a phase
angl e i

ol ement S %g 0 EQW@I%%%I?&%%%@?‘%@%%ﬁ%@%ﬁf@%@fﬁ%“& o Vil the
lei (-nT+m(% ?%‘F(S&F 1 LPOxP20=Aloe x A,.0 J 2 2 25 (32) The

| ow- pass filter block 1201 corrprlses a Iowpass filter that renoves a
hi gh- frequencpr@n_pgn% 184 tdienconpl ex nul tiplicatiog0)

bl ock 803. The | ow pa%s ter Iock 201 can i npl erent any manner
of Iovvl?)ass filtering operatl on. The result 30 of the nultiplication
oper ation ﬁ’ﬁé@ﬂ@e@)@\ﬁ@yﬁ@erﬁéﬂw‘rhe T-cot + cut + 0) term conbines

gllorvd) 4 o—Jlartd)
RPO = 4, cos(axt +¢) = 4, 5 (31)
FIG. 12 shows the analysis block 604a’ for the single phase shift embodiment.
20  The analysis block 604a’ in this embodiment includes one join block 801, the complex
multiplication block 803, a low-pass filter block 1201, and a phase angle block 8§05.

The analysis block 604a’ in this embodiment implements the following equation:

Jlot+d) ~Hai+d) ) )
LPOx RPO = Afpae e A I:e ze ]= Afpo ZAR_DO [e_;(—m!+mr+¢) +ej(a)f+a}£+¢):|

25 (32)

The low-pass filter block 1201 comprises a low-pass filter that removes a high-
frequency component produced by the complex multiplication block 803, The low-pass
filter block 1201 can implement any manner of low-pass filtering operation. The result

30 ofthe multiplication operation produces two terms. The (—wt + @t -+ ¢) term combines
and simplifies to a phase-only ¢ term (a DC result), since the (~ot) and the (et) terms
cancel each other out. The (ot + ot + ¢) simplifies to a (2ct +¢ ) term, at twice the
frequency. Since the result is the sum of 2 terms, the high frequency (2wt +¢ ) term can

be removed. The only signal of interest here is the DC term. The high frequency (2ot
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and sinplifies to a phase-only O term(a DC result), since the (-cot)
and the (o)t) terns cancel each other out. The (cot + wt + 0)

sinmplifies {83726 +0) term at twice the frequencypcpiuBsfssiies
result is the sumof 2 terns, the high frequency (2c)t +0) term can

be renoved. The only signal of interest here is the DC term The high

frequency (29eém2danWe 2094d 82T 1B RSl d46R0DBMOBAsE ¥iter: Dhe uvoff efathe hgv-
filtered out of the result using a |owpass filter. The cut-off of

the | ow pags iflier car belwnatbé aovkere tetamewirsp endbdodween zero and 2w.
After filtering thf resul.t is:l._z 5 LPOXRPO=A2e' (4) = 2 [cos(O +
isin(O] (33) Tﬁglme lg?rgl,g’#ﬁereﬂﬂlfs'er ential phase angle is: 0 = tan-'
sm(00) (34) <cos(0) 10 By taking the Hi Il bert transform of one

pi ck-of f signal instead of two, ;£he conputational |oad needed to
per f or nfphase addGaRRfhenty’ Bstinmos@rism(@driolis mass fl ownre{d)s

i s advant ageously reduced. The 8hase and frequency can therefore be
determ ned using two sensor sjignals, but using only one 90 degree
phase shi f therpfore the differeyfighghaspangleisor processing of the invention
as conpared to the prior art, wherein a tine difference (At) val ue
of each is conpared.  [Tha(ghart shows a flow material including €4 gas
flow (i. e., ga DEBb "g’{ﬁ—)for exanple). Under this condition, t )

fl ow nq'ése is substanti gﬁ y reduced in the new al gorithm because of
t he rat'e of phase and fre}&wency calculation. ]t can be seen fromthe

graph that the P¥dufies geliikss Fpstona aippe ikl tigee mueadd t4Psihfay
the large B%E%a%@&izgajdlﬂée&tﬁ?&fﬁﬁﬁ Pﬁgsfelaﬁﬁrﬁ% uddy Rkt At G i(%; ddMalis mass

measur enent s. shows t neter electronics 20 according to
anot her enfilodimgert isddveitegedusiyendiced. Thtpghaseted feljegicy om teredGredfe

thi s enbodi,nent. can .include the interface 2Q1, digitizer..202,
the procesélFtﬁﬂn’éVgP%‘ﬁ%%6%,53158831@?25’E‘Pg’fséﬁ%ogyé’%%?%ﬁ&r,egggasﬁﬁé "ously
di scusged. ConpprenBsheReihekedsoiilrbBR8ing Bf 16O MVBRLOM dslRoRbRed to the prior art,
enbodi nents share 25 comon reference nunbers. It should be

under st ood vibirsin 2 fie diffence (&g valemoloegelpiy comparefh She ehpdrshovanilpyenaleriel
oo U P g3 D ORR BXe
processes tlistahiislftredend ar the new algorithm because of the rate of phase and frequency
calculation. It can be seen from the graph that the result derived by the invention does not
20 display the large peaks and valleys that are reflected in prior art (At) measurements.
FIG. 14 shows the meter electronics 20 according to another embodiment of the
invention. The meter electronics 20 of this embodiment can include the interface 201,
the digitizer 202, the processing system 203, and the storage system 204, as previously
discussed. Components and/or routines in common with other embodiments share
25 common reference numbers. It should be understood that the meter electronics 20 of
this figure can include various other components and/or routines, such as those
previously discussed.
In operation, the meter electronics 20 receives and processes the first sensor
signal 210 and the second sensor signal 211 from the meter assembly 10 in order to
30 determine a mass fraction of flow components in a flow material flowing through the
flowmeter 5. Mass fraction is a ratio of mass flow between a first flow component and a

second flow component in a two phase flow stream. The mass fraction can be used to

determine masses of the various flow components. For example, the flow can comprise
28



signal 210 and the second sensor signal 211 fromthe nmeter assenbly
10 in order to 30 determne a mass fraction of flow conponents in a
flow mat eriwh 47w through the flowreter 5. Mass fragkt@80bS033713
ratio of nmass flow between a first flow conponent and a second flow
conponent in a two phase flow stream The mass fraction can be used
to deter m fitidesgoacfiant Agay asmpoient. | Tiv icolpeBeflbw rattof tlexttovwheteriahe
fl ow can conprise . 28 WO 2007/022118, PCT/ US2006/ 031713 a_fl_ uj
conponent &RdPednyEBliedbmhsanass trpgidon igroafer fo deriyq s Frapresfa f1 ow

mat eri al G&ﬁ? S ifR}vs'} d’éﬁ@ g L @Bw BteO R i@ Qﬁdohﬂeﬁ i
one or nore o &lanﬁ%gls c%?rcb%deén?%nas 6?Il{ct)\?\tlgrsgtgg and’ a gasu c%rrpon nt
mass fl ow #rgtmansikhef fliidi add tlangasaap comprisecamy manmeef gifs. flhaigds eavdconipmise

gas can. conprdse an nner of. gas. The gas can_ c ise. 5 ai for
e - THE i Seltly of o rariof Biloadtwea s & A 2R, 3 Budid pe
shoul d be uneesstBGht BalentifiCappheent irgibagppl i €s to any gas. The
nmeter electronics 20 receives and processes the first sensor si?nal

210 and the sebriaciseelsgronisspfbrecdyes andproqspise dissiiihseasersegnal 31¢ #pd
ti f 4 . fr. \
gener at i ongafs. 18 L0 \blﬁgg%ﬂsq 1 };F gﬁ%@%&&s%ng%xﬁleowfgﬁlfeﬁgeéﬁer%omme He bRy

sensor signals, as pre ssed. guency response
1410 conpriespmsa 140 Eqfienoye of botheof izt ensasianbl 3 mevionsly dkposse The a
The neter out

suppl i dri ve vibration. el ectronics 20 brea t he

T oqueliy TEERORL B 64] 0 PO PR gAEIRFsY e h mEGRPSHeND e scgse ©
the fluid §egqueneyve omRARANThE4dder cldblnitEbE bréks 6hi 1AP He§uetly response
determ nes an overall density (pnx) 1420 from'the frequency

response 1HIP inta the ghsiequengasompmsonelit asdld fyidfrguencyemponent 1416.

el ect roni cLogoit St U LA BRI b SRR el e AN B ey

the gas fregpeeeYy4onnpgsent, ddkloaipdnémaefdity (@..0)NequendsterntatinBaa fie
1416 to determne the void fraction of gas 141%. The neter

g .

el ect r bhi c&astpauerpyteEronses 4 he Themeter clestrprigs 20 4ses theEegigagaresponse
density 1420, ' ' q

fraction 1718 Aenboendfeol 8RR Meddbidy L diBhel ot iPai hagency,
in, + nit ¢ommmentifiéds demtmint tie: vwid &atticncdfigan 14 B8rpThemsteaclrais@ics 20
fraction o as (nfg.)...The racti of. conprises; nzfgas =
In gas (36 Fﬁ‘b‘g?h% ‘)ﬁ%frﬂﬁimge&‘? O?"fraﬁﬂﬁ%ﬁl%fg@éetﬁ%ﬁékggﬁo@ﬂﬁlﬁé?%l to
al ter nat i Vedrymdiitethle WYARE baOtforL AN 99 B R A 8 Eradtion (mf) is defined as:

20 mf = e

(35)

my + 1y
In one embodiment, the mass fraction comprises a mass fraction of gas (mfy,).
The mass fraction of gas comprises:
m

mf = —— (36)
gas
Mg + 1M g

However, it should be understood that alternatively the invention can determine a
25  mass fraction of fluid (mffy4) in the flow material, or any other mass fraction. The mass

fraction of fluid (mfp,4) comprises the complement of the mass fraction of gas:

e Juld

M g = 37)

U P
However, this discussion will focus on the mass flow of gas (mf,,,) for purposes of
simplicity.
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25 mass fraction of fluid (nffl,,;d) in the flow material, or any

other mass fraction. The mass fraction of fluid (nffl,,;d) conprises
the conpl erpaboebilte mass fraction of gas: nzPmd n pdact@<ioesdstgas
+rngund However, this discussion will focus on the nass flow of gas

(nfgas) for purposes of sinplicity. 29 WD 2007/022118
PCT/ US2006/ 031711 préteesips o@ess 203 caysd fmha0nGianrddeo detetrhize a overall

configured to determ ne a overall, densit 420 of the s flow
material UAPRY (e 9 thegasiare gt Hapg% g snicheiatal ol kenddin sspnd
signal  211s.,conparne, i NeoR¥aEahd oxgiz_?ﬂ?ﬂér%éit%éggbs io?eit@’éasﬂ GRS ON8 d@ﬁsit?eng!S

density 1421 that Is representative o g ow fraction of the
gas flow rthees irgiressntative af 4 pasi ftowl fnstiianofshd gaflawn atatdrial pepraddddgnsitve

of a liguid £l fraction, a det.er.m liquid fraction.l1427. f
Che over i TRt Ebies@Rayts SRESEPWIEatioh S fickuld Aitid Sduor! 127
the fluid fre@nsd berdid dehsity N430 8k fITbRCLIRH e g @neve 41 1| ardians fltid
1420 is conpared to both the gas density 1421 and the fluid density

! y . !
1422. |In a¥RIsty dfe2. tInsope setbodimgits jiag evpratbdensitn 143{bis compatgdiie gothghe
det er mi ne | | &Y fiobh - i al '
10 fr equen%ét}%reg%%f\isz é a‘%ﬁ%géﬁ%gﬁé %E’g?’glrd'r%bhgntg %guﬁglli’% ]gl%%%!é} isgé';\léllh %tcgﬁ:
and/ or t hebgemffguedito deteriihd 8nd omnll tensiy e420 of e gsd flyw bd@€rial Thieg ffas
flow material can conpri an as or m, xt ut e. et of gas..
1 ow il or FETUeBEYEFEPEwe 141 48 dEierping U Haid Aogiqr ol andjeg heggas Arscton
the gas flpysg ABhehd MerGPderSRPRAIGE Natural gas. However, other gases
or gas mxtures are 15 contenplated and are within the scope of the

descri pti on andlld ghsifiow Mhteripl epoi confpriogaty gastar @as swruien (Pralepanlgas

liquid entgained i.n the.gas flow.material. .., Adigquid flow.fr i
can conpri ﬂ%wéng?rdﬂicamg{lgeéaﬁﬁas geﬁ’ %m%%)élrvf’eﬂdr rie%ﬁlln %thc?é 8&]]9%?
exanpl e, th@tekiaDsHnthoadRsS AARFAl §8s. \Fé®Ever otherpabdircrlgagasxidited\are

Alternatively, the liquid can conprise gdl ycol. in a natural gas flow,
such abd a epnjeraplatedeng sigaritliindhs wwope of the dotpripiiae asd clajms. anot her

alternative, t I (14} ] ' [ : : ' “
such as oil i méol'&ﬁig%goﬁn 008§ ﬁgéﬂgglglu%gw [&a‘%u@%lngﬁlﬁgé k’gﬁ{ﬁ%gg Bk haerial
regul at or sA liguidfibefrabliancdresaitprizg a lngithareasis lighdwayer, or dithidrdrops. For
liquids or liquid conhinations are caontenplated_and are wthin the
scope. of t HETHNSART BTN AHLSRITRISEI LT TGP Acpss Y- AIUTRE frbp Ghe iquid

assenbly 10, Wonln5B30861 heindal g4k, khavasd @68d1@8Brryover from a drying
20  process. In another alternative, the liquid can comprise oil in the gas flow material, such
as oil introduced into the gas flow material by pumps, regulators, or other flow handling
mechanisms. However, other liquids or liquid combinations are contemplated and are
within the scope of the description and claims.
The frequency of the meter assembly 10 will change when a liquid flow fraction
25  passes through the meter assembly 10. The frequency will decrease as the liquid flow
fraction increases, in contrast to a pure gas flow. This is due to the increased density
when a liquid flow fraction is present. Therefore, the flow stream density can be used to
determine the liquid flow fraction.
The first sensor signal 210 and the second sensor signal 211 comprise time-
30  varying electronic signals that are substantially continuously received and processed by
the meter electronics 20, such as signals from the pick-off sensors 170L and 170R. The

frequency response 1410 can be determined using the previously discussed processing
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25 passes through the neter assenbly 10. The frequency wi Il decrease
as the liquid flow fraction increases, in contrast to a pure gas

flow. This g 04@24198 t he i ncreased density when a |i quipgrfds@eo31713
fraction is present. Therefore, the flow stream density can be used

to determne the liquid flow fraction. The first sensor signal 210
and t he seblpakls GenELES.-Yaad IR Mdwmatagedsky, tihee uS0g Ve yrevigudy dsensad ¢

signals that are substantially continuousl.y received and processed
the et er BiEBgRR a0, dduatind N i Briibe o W SRowRI ER TS
170L and 1d&Bmifbeme i€ aueNGYoT@sPONEEe 1410 can be determ ned using
the previously discussed processing 30 WD 2007/022118

PCT/ US2006/ 031718 pigkessiog sysferm 40P dsthisembegiment canayadr ageiddsaciion when
usi ng the i i SC - hi G~ S r.m j

e Pnvont RBEbe 251 % A ACHRE S ull 90 SPREG SR She 1305 LUl plhacr
voi d fractianinefl 4063 likddBearhhecnioatins 4079 dyssttgno@fie: 1408} dridsa liquid flow
enmbodi nent _can include a void fraction 5 r&:ti n 401, notch filjter
routine 1480t iREERe 1405 tihsmrocsasing &/ siams aargfgsgt ERNFYdR aB? o main e
1406, a "Byﬁgeﬁ%ﬁﬁﬂéa,"ﬁfch%99%&-?8%54@% réutBRNADS Ynd QUldHDSasd ARBy roBfife @

liquid flow fraction routine 1 e processing syst'em 203 can
further i ndtd0eAlrreativelyydheorts drtneers filiors drifllteeroutioes tavasclude e noteh fter

| ow-pass filter routine 1403 and. a high-pass filter routi 1404,

A Lt nid vEr it g e R iRy aphFhu R b ettt e
a notch fi bﬁ&essiz{gb@@mﬂ T ol AR inQhded frbdlehey reepitise aul @td Wid Faaton
rejects a narrow band of frequencies. The processing system 203 can

further inéflidendafpasyfariian 8 brisan stouoliequeney (psprae CieapemaATs, Voithd
a mass fr a@%%tgéh d&eﬁ &%iﬁi%%@s,%ﬁ rx‘?&sg gf%%%ing&?&ﬂﬁ atfo%&gg%]%gﬁ@?yfﬁggﬁ@és%mg

void fracti erm natrons, a raction rm nations,
respect i vebkysterd N3 parofigihist ingluds yStuddrfr@izncy torhpariche 4 I onavldudens drdqhericog

frequency conponent 1416 and a gas frequency 15 c onent 1412 t hat
store wWor kPRgPPIEE Lttt A PG freHBenFyi v ties SertPooAntrorae gnd mas
fraction deghetdy ﬂzﬁﬂa”‘tionlh?h@g%%«@s%ﬁi st€%S508"BaR Q1SR Bndibd BHedverall

i nclude an overall density 14 a gasS conponent density 1421, and a

fluid conpderssity 142t gag chdiPpandrtdensitytld & andrakfiiuid compseigny demdiqyd4 22 drat
the void fraction,an ss fracti.on determ nations.. The processing
Syst om 2035 VP GO L B 08 e EF AR oS Saelotie B RTERRE 5o
carryover Tﬂ@ﬁrdc@ﬁﬁng%y@feﬁx IBSRAGHNSG iﬁ@ﬁd&#g&&fdﬁ@ﬁda‘gw% agualighidl es.
The processing system 203 can further include a liquid fraction 1427

that s2&r esaraydviey A6 iharghonerrpectifisanaryindeanaTeovgaquantities.i Dhe nwegssiat
SLor .2 I8 ATBOIEIRL AU L, IR, OGNSR oAt e
quantity and a gas fraction 1428 %hat stores a gas component quantity.
The frequency response 1410 comprises a mix frequency (i), wherein the
frequency response 1410 can include a gas frequency component (fz,) 1412 and a fluid
25  frequency component (£} 1416. The void fraction and mass fraction can be
determined after these frequency components are broken out of the mix frequency (£}
and determined. At any time, the frequency response 1410 can include any amount of a
gas frequency component (f,,,) 1412, i.e., a frequency component due to entrained gas.
FIG. 15 is a graph of flowmeter frequency responses for air, for a fluid, and for a
30 combined air/fluid mix (i.e., for a fluid including entrained air). The density of a gas is
distinguishable.i‘rom the density of a fluid in the flow material flowing through the

flowmeter. Since density can be derived from a measured frequency, the frequency
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frequency response 1410 can include a gas frequency conponent (fgas)
1412 and a fluid 25 frequency conponent (fflu;d) 1416. The void
fracti on argyaRSSifsaction can be determ ned after thesg-f4LeRHERTHs
conponents are broken out of the mx frequency (fnyx) an(f
determ ned. At any tine, the frequency response 1410 can include any
amount of @sod@sd WiQsEn ako GastpeRieiibld fra@dshe frddubney ofihe fRnid.r Elgiv&nutso
conponent due to entrained gas. FIG 15 is a graph of flowreter
frequency WesYoia@Lapesor gas Mixtyesq | uid, and for a 30 conbined
air/fluid mx (4 e W j entrained air). The

(An H%o@caiétﬂﬁh%gﬁk@h%qg )

density of a gas |%uat1§| stingurs mthe density of a fluid in
the flow material flow ng, tsﬁlr(@pgg)f_lt) e flowreter. Since density can
be derived fronPa feasihe C , the frequency 31 WD 2007/ @8»118
PCT/ US2006/ 031713 associ t(ésé W f’dir is also disti ngui shabl e from
t he freguepgy..of; [ ISl : I 1 GR5L S
m xt ur Zg. %éggjlgﬁl?%rﬁhtagrﬁggg@ﬁ zﬂt?engb??gq%%%?@f' sﬂ{g't‘ 1 M_?regéq[tg%

r sin(cot radigh fieguendy38inpld om@previousnr earljer Samplepericd Centdnidng thei an
frequency of,.the Coriolis flowreter. The l.termrepresents a
radian fr e@&@ﬁ&gﬁqgm@t%%ﬁwna g%ﬂ%ﬁi@z G‘ivz)éé‘feisi er sanpl e period.
Converting the radi@;a_faﬁegy}ency co to a frequency fin Hertz (Hz
gives: (tot-nt_f)xF~ = Jinid - 2z This equation assunes GHly
one frequency is present™ If tw frequencies are 10 present, as in
the case of entTids e?.lchﬁahvassﬁm{ee ohlyestiseneyendy ifbfesand I e fé@ghdacate of

the flow material. uid), the, new, eg@uatl on becones:, F A2 sin(mt - w
t-) + Wy spises o 1o theypage qfienfgained ajr (Saerfipquency) ofjag and fhgiraqueney ¢f Rey

air air 27??0\&%&&%1%{@%%%%16 GG ohes:4- 2, . cos(oal rt-Waist-1)]
e

(40) where fix 1st requency response of the entire flow material,

i ncluding a gas freguéncy copengnt (feas) yang gnfd Ui d,f e ency
Conponent (ff | ur;,d;): i’i]g(imf-l fuf %]uid Jluld "= ) t;f flé: ai air —-% 33(40)
filter routine 1403%Fnpl e t Vel T 4o POS( P Dbkl il ter

passes | ow frequencjes substantially below a | ow pass, cut- off
frequency.WI@@rP ' ﬁé@%%ﬁﬂqe{l@‘ TSRRNSE OB I ke %Wﬁ?ég*l OO EARgE 538 gh

]t ir leggrenckeﬁ?quzig% &B@ﬁb@ﬁ@ag‘) lahll § i PHE ARy 4R drfdR G s a hi gh- pass
: gh-pass ~ filter passes high freequenci es substantially
above ¥ hi gh- pddaferrimg-aghin td F&Gubh dye low-prse kilter routine 1403 implements a low-
pass filter. A low-pass filter passes low frequencies substantially below a low-pass cut-
off frequency. A low-pass filter therefore can be used to remove high frequencies.

The high-pass filter routine 1404 implements a high-pass filter. A high-pass

filter passes high frequencies substantially above a high-pass cut-off frequency. A high-
20 pass filter therefore can be used to remove low frequencies.

The notch filter routine 1402 implements a noich filter. A notch filter rejects a
narrow range of frequencies that are centered on a “notch” in the frequency response of
the notch filter. Only the frequencies in the notch are rejected by the notch filter,
Therefore, the notch filter is very useful for removing known, undesired frequencies

25  from the frequency response 1410.

The void fraction routine 1401 determines a void fraction (typically of gas) in the
flow material. The void fraction can be determined from the densities of the flow
components, where the overall density (puix) comprises the sum of the gas component

density (pgas) and the fluid component density (pguq).
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20 pass filter therefore can be used to renopve | ow frequencies. The
notch filter routine 1402 inplements a notch filter. A notch filter
rejects a WahiPwf1ange of frequencies that are centerege@rsshosMtch”
in the frequency response of the notch filter. Only the frequencies
in the notch are rejected by the notch filter. Therefore, the notch
filter is very Degfitytl(pf Rbstaeii@IWi dugngrivessn, undesired frequencies 25
fromthe frequency response 1410. The void fraction routine 1401
deternmines a void fraction (typically of gas) in the flow natef‘t;}\j\l/l'
The void fracti é&F|can be deternmned fromthe densities of the f
conponents, where overall density (pm,) conprises the sumof the
gas conponghkre ﬂi@ﬂ}%if}_éq%éﬂ?&he@ﬁfbnﬁéﬂ%f%ﬂ fidichenenentordsnent ¥ 16[E.E., Tix)-
d). 32 WD 2007/022118 PCT/ US2006/ 031713 Densitygip), subsf{ ant.i al |
conpri ses: The fnjdeompopprdensity @nidid 42 edRerrelcuited gt Tegency

fluid freq n | : j ;
densi t yg ( p# ?ﬁ{ﬁé’ﬁ? E‘%Z %{gtgﬁééél%g g#%cﬁ%’ g%{a%&lg)sffeﬁagﬁeéow 8 ?1%1&19 rmgg E%%%%SGE
conponent 44 dberagamixnere dregoetiaye Mthe ghheorfpariedt densiy émey 148 npobereictiatg
conprises an average mxture fre Yy~ The s conpopent. densi t
PRt IR T TR LT E TR Y v e )
Consequent byo a1 hifiGed S Lrafib 3¢ HOMiloMBonehfdhsity $p £ PLGhRMs 8% Fefalll | O
of the fluid conponent density (pfl,,;d) 1422  mi nus the overall

density (prpnsity (p420.480 dividadl tyythe Hwid ¢amppneningsosientrnde L ypingsrthe 2

comput 401 o oHALTER AR foes Vot b Frats St &b on S %En *pgon

The resulting void fractiong,of gas 1418 reflects a ratio of gas to
fluid in the flwd_ﬁm@pna@ﬁﬁémss fraction routine 1405 (42)
determ nes the mass fracti off##418efrom the 15 frequency response

det er m ned 6T BT FACEr bR TR o ERERER Al o0 L E TR, S5
val ues, inpgfée to calculate the mass fraction 1419. Mass (m) and
pol e ,( V% 43) A e Dy e Y 1 A0 determire o s Foation Y416 QORI S €
15  frequency response 1410. In one embodiment, the mass fraction routine 1405 uses the
determined void fraction (VF) 1418, along with derived density values, in order to
calculate the mass fraction 1419. -
Mass () and volume (V) are related by density (p). Therefore, density

comprises:

_n 43
20 p=7 (43)

As a result, the mass fraction (mf) can be simplified to:

o] ! A (44)

mf = = =
m + 1y 7y P mimeIx

Because the void fraction (VF) comprises the volume ratio:

’4
R =1 (45)
7

nifx

25  then the mass fraction (mf) comprises:

mf = VE L (46)

mix
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As a result, the mass fraction (nf) can be sinplified to: nz nay =

PYV (44) naf=m +in, inix Pnu nmx Because the void fraction (VF)

conpri ses t%%%msratlo V VF ="' (45) tuft 25 thenpdhes.0®
fraction (nf) conprises: Jnf = VF h P (46) Awx 33 WD 2007/ 0222??8713

PCT/ US2006/ 031713 As a result, the mass fraction can be determ ned

fromthe void fnacihkant: éﬁéﬁ%asstﬂfaen@@sarpwwﬁmemrtmeyvc(l@@ast)oﬂ@m) the

and the overall density 1422. The gas . conmponent
(pgas) 142 E%WPWHW@SW (Pgdé?‘ﬁﬁlt gugd %%‘(?raM?QSlE’a(ﬁmb)el“&gt gﬁ"ﬁ%\%d

fromthe gag, %@@ﬁggﬁ f?m%éﬁé%v@ﬂﬁ d%ﬁﬁtyf(‘ﬁ D0%afi 68 B@ﬂéﬁ&ﬁled

1410, respecti e understo onl'y one of
gas frequeroyn ﬂmrgm ﬁt&qttenl:{st tamponknt {HE2 dridibhd ﬁhqm& mesponssidd Actesperi1gy-

EA R G RN R AT RN RN G (S T

(and densi g AGRTLRe ﬁ@%&ﬁ&ﬁne:ﬁ%% RS WelnecddHeif KiiQwth@s opthd fluitds
frequency can be filtered out, and only one filtering step is

needed. 10 kmhwng&sr e}smmglanﬂ@ne 28 CUIpRISCs A0 6thaR petanflard Sirfrepuency response

d
Cout  no. a 6B A R RS S R Bl it Bl b

by det er m milf#gedoutOiridl dnlp6id Biterblz Basis ovEded. The VF val ue conprises a
vol une percenta e of the taotal flow ma erial vol une. r‘ge VF ¢

Uher of e compribe &2 FETGEECICaF Ty, b SlBiARS & 856 CERFPgE: PGy & multi-
mani pul at nghfL:l% A& S LDE ?hg%fs &ngrggﬁrﬁ robRW 1%@5% Biflé)fﬁﬁbdd"mﬁﬂtedeterxnmes

mul ti - phas ow mat eri al low rate of the gas conponent
i s cal cul atthelgasTdaerydedemrionadbigdsermannganded frastmartt geatVihe BreoYBdaln

e, 925 CURRASCL B128 iRl Bt S ASOY S PUMAE. T
The |iqui d Gafd¥O VRS gak Qb RRled AQdudl b fafiiba gerthd @ndnﬁ;ﬁﬂlatdd oAbt QBT DY
anount by determning a liquid fraction and uses the i gquid fraction
to 15  mass flow rate mfgug in the multi-phase flow material. The mass flow rate of the gas
component is calculated. The determined gas carryunder amount can be stored in the
gas carryunder 1425.
The liquid carryover routine 1407 determines a liquid carryover amount in a
multi-phase flow material. The liquid carryover routine 1407 determines the liquid
20  carryover amount by determining a liquid fraction and uses the liquid fraction to
determine one or more of a liquid component density, a liquid mass flow rate, etc., in
the multi-phase flow material. The determined liquid carryover amount can be stored in
the liquid carryover 1426.
The density routine 1408 determines the overall density 1420 from the first
25  sensor signal 210 and the second sensor signal 211. In one embodiment, the density
routine 1408 uses the frequency response 1410 in the flow stream density determination.
The overall density 1420 is related to the density of the gas flow material, and varies
according to the liquid flow fraction in the gas flow material.
The liquid flow fraction routine 1409 uses the overall density 1420 to produce
30 the liquid fraction 1427. The liquid fraction 1427 is related to the amount (or
percentage) of liquid in the gas flow material. The determination is discussed below in

conjunction with FIG. 15. In addition, the liquid flow fraction routine 1409 can also
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determ ne one or nore of a liquid conponent density, a liquid nass
flowrate, etc., in the multi-phase flow material. The determ ned

l'i quid car ryggfmeaeunt can be stored in the |iquid capeyoymbsdbkiAs.
The density routine 1408 deternmines the overall density 1420 fromthe
first 25 sensor signal 210 and the second sensor signal 211. In one
enbodi mentprolifie tHe R ftattion AULE,Neheki thelpme srattien 1428w eslatpd ketiponse
1410 in the flow stream density determ nati.on. The overall density

1420 is r ema@ulPeseRiage ofctrsiin Pegtas 1A% A9 ow naterial, and varies
according to thg,d.iaui dediddibslT0AGhiaMtibialt R iGasnd bra¥y ARV ehdradteristize,
liquid flow frgﬁlét iﬁlongllr%tejtt% ne S1409 tilses1 thgh%ver all density 1420.to
produce 3@ichheah byrald nfasafowontel dRTponganass dioig, tamaparicahvolupes, e The

related. to the amount (or ercent age)... L Qi d

mtor ol - PR Her A v e SR SROERaG! pih Y fleP atsBmAP R, vl e
FIG 15. |hcRdeisbmg dGé’&dohfjﬁisé afy Blanier a€ floametauhitpendrd®s a daqualcso
34 WD 2007/022118 PCT/ US2006/031713 produce 1&he gas fr(?CtiDE]ﬁ}MZ "
wher ei n t heespansef raens epborment; themeaieiasemdy 4 ¥ SOmBR St ¢ YAl P deor
gas in the ' L £ Sl itorneter.
addi ti onal %@%&g{%?ﬁbﬁ@&%@ Jhgﬂrle #%\?va%ﬁlg‘rsf cﬁe@?@t’rﬁgig%ﬁgﬁch as Sltaf)rﬁn _
overal | mass f|®Mg. natiea floanhanes ofessethdd s detrompanea voiddtagies of gasdn

The 5 neter. electronics 20 can be in comuni.cation wth th er
assenbly 16 MoREHE S HovEe droagsE BT RS R B AT SE AP o
fl owneter {hBlidenAhasod 4 hEUABENspaRS ROBSEved MIRNECRRROcORIIs: can

the nmeter asse y conprises a Coriolis flowreter. n anot her
enbodi ment be teveivaw irethe asgerdioronds opr prewmla VhoEadieHgy FSASICSRBPESSS
FIG 16 is flowmchart 1600 of nmet f (el i :
fraction of MGILCHCH TeSPERY Iacﬁ]/:)r %F’iegeﬁ%sf;%\@)\}}ﬁgé @ﬁ%ﬁ%ﬁgsaﬁF ?f%mlwfrm{l? ferial.

accor di ng trge apwanhedimeAinddidd digrainedgent i on. In step 1601, a
frequency response is received. The frequency response %?n

be .
recei védl in t helmereamhsdipertoip e apeicy FEPORSELTPICEIPTAR? séaggﬁrc@lgnal
ooy 160F haftSfid st SO The EERRARELsiff Anlf R BhoiEheRir ol can be

assenbly 1 Inclru ow matertal. ow material can
i ncl ude entdcaivee drogasick-bi densarm & 7@maatl] 10Rn0L the et megpuany Y 0.rfes ponyde.

i first | d ] j L. Th
First sensarobigen e ifeas bEnereangsn Sronarscaey Theadiad™®
from pi ck- Rfl%ss%gfggﬁfdsthéﬁﬂlt aAd GechAf RerRbr i@ e 1R88 eNtdipul® theff¥quency

exanpl e. ree phase shift can be generated fromeither sensor
si gnal 20 TheespOnseegherein thi Azquerisy frespamis vaties pyar simemargossingivdobiehsanass

signals Ca?logvera‘gsso% EE fow o grtiﬁ aglg %céo%ﬂg ek presence and amount of entrained

gas.

In step 1602, the frequency response is broken out into a gas frequency
component 1412 and a fluid frequency component 1416. This is possible because the
25  frequency response 1410 comprises a gas frequency component that is related to a gas
flow rate in the flow material and a fluid frequency component that is related to the fluid
flow rate. The fluid can comprise any manner of fluid. The breaking out can be
performed by a first filter and a second filter, as previously discussed. In addition, the
breaking out can be performed by a low-pass filter and a high-pass filter, as previously
30  discussed.
In step 1603, as previously discussed, the void fraction of gas 1418 is defermined

using the frequency response 1410, the gas frequency component 1412, and the fluid
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20 response, wherein the frequency response varies over tine
according to both the mass flowrate of the flow material and

accordi ng t@gohbhepigsence and anount of entrained gas. pkfSbRBoLE6R2,
the frequency response is broken out into a gas freqguency conponent

1412 and a fluid frequency conmponent 1416. This is possible because
the 25 freggeney conpoens ¢4 16t IDhedn@niiseivnaagaslideaipiremining desinenlues

that is related to a gas flowrate in the flow materia nd fluL
frequency @'@Wp@ﬁ@?ﬁu?q‘fﬁtmﬁp@n?eeldépe@etgﬁs ﬁ@"eF‘F%Pﬂnp‘?IFeﬁ'\tnﬁ‘}@P @n‘?ﬁ*ﬁéﬂng

fluid can %Eﬁi’ér% §%oﬁ5¥?ﬁﬁ?mﬁ]%, a9 brdvidtisH: diddigselr %’éir@éﬂﬂtﬁigty&@ﬂ?&%n of gas

perfornmed by "a tirst er and a second filter, as previously
di scussed. 1#b8 eaidliet sxpressedes a datieskpaneentage, eanihdrengpspfeor med by a

| ow pass filter hi_gh- pa ilter,.as .previousl ' .
I n"shaps 1603, - aBihrider alryta 20 obgerRl LR Aol st B e
i s determ pethw HigieRal ARemEHRAUER e ¥liohespanseordithkQo ah Rebgdisndnr efihency
conponent 1412, and the fluid 35 WO 2007/022118 PCT/ US2006/ 031713

frequency doBBRRNIN StepLE/01Th &eaeaney ATSRERICAR S S LGRSt EFtHSHithg
density val ues r eSR , . efpLe
conponent 1412, I%%%ﬁdgﬁew %iﬁgﬁér%)érc?g e ncél)ﬂ" o?r%eg%egln\?&ngllﬁ%?%é%f' sy

pr evi ousl y fities sutswetallyfeectsahe bhd hequenydedmprnentandofubsjassiallypasses dre Thad

d tio, , th . |G 17. i
T bwehdPt Tronensh camienHGRoe BICALE e IRPRF FEDATTBRT ths Bt AT Sombbises n
a flow mat %xity—iﬂa%i e \R}Eerﬁﬁraol‘ég{Jpﬁs Eﬁtoc‘ﬁ?%gﬁenéﬁ ¢OH 166-8s Bler is

enbodi nent o invention. I'n step , a frequencg response is
recei ved, asbswgiallpabdve the Soikkerienthcanponenty s a rageltfthe lpyenpesy filter

i dwitha.first filter, T ' i
eEo e, Lap B Rgn Tz s b0 et b Blokhbd oot at eSS Bm onp,
passes the gdqubsby chhpbh@uency conponent (see FIG 18). In one
enbodi ment, the fi rstp filter conprises a lowpass filter, \there' a
| ow- pad§ cut - of in fieRdiEh e Beaueney TESRRNSA EPTPFastet WiR a seqppe fHigEi J&H@ y
s ant § aspsbel AULEQHERGY ROMROPERE A BnlefioHdmp i 1 PNBAS Ry do8les

subst anti al'Ty passes quency onent and substanti al’l
rej ects thehggs frdquetpyanmponertp dnent embaditment thepetROBLitdrlvempriecpeengl-

NN RN R IR T e (A T
prses e BAIMISOREIEkorRpaR ok B ome Tkl g peanrids.
frequenrfy otsuththethigihpgpadidtef substantially saskestthergasdlir¢qpency component and
substantially rejects the fluid frequency component.
In step 1704, as previously discussed, the void fraction of gas 1418 is determined
using the frequency response 1410, the gas frequency component 1412, and the fluid
frequency component 1416.

25 FIG. 18 is a frequency graph showing low-pass and high-pass filter responses
that can be used to break out the fluid frequency component and the gas frequency
component according to an embodiment of the invention. The lower line of the graph
represents a flowmeter frequency response including a fluid frequency component lobe
and a gas frequency component lobe. The fluid frequency component lobe is lower in

30 frequency than the gas frequency component lobe. The upper lines comprise a low-pass
filter response and a high-pass filter response, along with a cut-off frequency. Here, the

cut-off frequency for both the low-pass and high-pass filters is substantially centered
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bel ow t he gas frequency conponent (but above the fluid frequency
conponent). As a 20 result, the high-pass filter substantially passes
t he gas freggensyaesponent and substantially rejects bphekbidshbiziz
frequency conponent. In step 1704, as previously discussed, the void
fraction of gas 1418 is determ ned wusing the frequency response
1410, the basvebi dguendybaolipolenpast 44@ highnehst fikker kari bhvefa @gurorcgut-off
conponent 1416. 25 FI 18.i.s a fre nc raph show ng, | gw.pass and
i ah-pass TeREees pespoissditertoob el tiavtnde’ T -Brasinde bk o
frequency ceRRABEREMBBLLkNE 885bd JeBAlHRPME loRGIBOARGwIRCROnA IR0 an
enbodi ment of the invention. The lower line of the graph represents
a f1 ownet efrefinangy epmponans pohihe highepasdififigr wilt puipef the é@ﬂﬁgwﬂ%ﬁ*ﬁ?@iﬁ?@ﬁ@t
| obe apd as frequen cQ fluid fir

componont BRSNS Tonky THHS0 Fiianduras teAsicy rethe TR g
conponent kebesncYhemapier 14inasl wefpid Sepentovenyassent f416t er response

and a high-pass filter respanse,. al on th a cut-off frequency.
Here, the cut - opthef @Gﬁ’é’ﬁ@jﬁbﬁékmg@%%?%“ﬂ%%ﬁs@q&ﬁ%ykﬁog‘moﬁ §

filters is o2 CQgI?O]q 328 &13
bet ween thg%@%ﬁ%@e?&%%ﬁ%%@&%%é@a%‘%ﬁ%é pass%%i#tggss caﬁﬁlﬁg\%%
conmon cut cafpondnt papsediby therfilanpératien i driierte deteounine did fltideadenti es,
depending on the fl.uid. an as _frequency .c nents..lLt can be,seen
Chat o ABY) it s o Rl SRR R SO Pebsriah s AR dheGhEne
and the hi gikeRAS 8pdrhtidiLEan¥el donBkREto e @RS rélk@flen&Yow GRROaRR band
Therefore, the two filters can break out the frechu)iency response 1410

into the g&entered @mratipipaldiniseTieney TEaNGsen & ubrrauently, ghe wssrledrpyity derived

conponent 6 t hod of ! f b Ly S
frequency %‘r g’#p%lﬁ éﬁr]let%égfc d g%)roggee%n%ft}lgp gﬁl(dnegl gigﬁ%&naﬁ ihl%%ig(:legivgﬁ %[[ce))\?\nngl%
frequency eangiomgiuidfdqusicngompendnt eqisneyd tedsrparisatn passedtyliyrat. hitor
filter gperation in order to deternmine the flujd gEdaﬁga 10 co?ﬁgent
densi t iles. RAURPIEXHAGP e gatdt BIqTaLtol b ATMEsHIeHGAted BIFTAFUGHsAsA Fotch Rk
the fil te%&ﬂ&aﬂ}%ﬁe‘é@%ﬁ BElusedo Ql?os%ﬁ’ﬁfallfi’g@cg ah Qirfetdgh&loyUstnRnEf] Atevel Y
narrow frequency n centered on a y6| cal air Trequency response.
Subsequent lfigqudries respensd. | Aderesilt, thelevdralédensity (pn:) 1629 cagbreerigulated from
response and the fluid densi o onent derived.from r.enai ni ng
rura T eqdiEsebnpisHetie Luf pECRed Pregert Ay Gl P2
term For 35cemeamten th@'ﬂﬁ@ﬁ%ﬁ&:ﬁ?&oﬁ@oﬂfé’i@mm.Ol“llil@ei@idm&péiﬁédxﬁpcﬁieﬁt a
filter (such as a notch filter, or exanple) can be used to

subst adti adpgsitydpaotl4dhcamprifefequency conmponent of the frequency

response. As a result, the, qverall density (p,,,;,) 1420 can be
Cal CUl at ed frompmix _pﬂufa'El ef/l%+pgas (47)

This equation can be rewritten as:
P = PriuiaP uia = PgasPras (48)
Alternatively, it should be understood that the fluid frequency component can be
25  removed/filtered out, and the void fraction can be determined using the gas frequency
component. As before, this single frequency removal can be performed where the fluid
possesses a known characteristic frequency response and density. Therefore, the single
frequency removal method can remove either the fluid frequency component or the gas
frequency component.
30 In one embodiment, a single frequency component can be removed by one or
more filters while the other frequency component is passed by the filtering operation.

The one or more filters in one embodiment comprise a notch filter. A notch filter passes
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the frequency response 1410 and a fluid conponent density (p fluid)
1422 can be <calculated fromthe fluid frequency conponent 1416.

Ther ef ore, Wwheo@tp2igonponent 20 density (pg.) 1421 conpiir88s6oc/Evias
=Pp, dd (1-VF)+Pgas (47) This equation can be rewitten as: Au =
Ppuido/ntd - PgasYgas (48) Alternatively, it should be understood
t hat the fhllfrdqfeneigs exeyt froqparies withire frarov Bandgprey e dofchlin dredeapency

and the void fractjon can. be determ ned.using the.gas fr ne
conponent . l'eﬁgo%é‘ d'#]é‘?m?tfﬁeéy » g‘?‘%‘ﬁ}e@rfr’?{g& gigﬁ@yc a‘? EREVEF° TR aﬁgf%cgtglf}%/%lFeﬁ@ 4
where the Eddbidatidossgaases a known characteristic frequency response
and density. Therefore, the single frequency renoval nethod can

renove either tIF&.fPds aflpwebare hOp Werpehedforsietermminga voiddegtianefsas in

conmponent . 30 1 n_.on nhodi i n be
Femoved by Ene B8 FEARE TR o Ao PR Sec RS S R g OMRORENLAOT |
i s passed wehti. flnlstepriong, hp éeatidnon respdine dne iorceived ab iptavérslyi n one

enbodi nent conprjse a notch filter. A notch filter passes 37 WD
2007/ 022118sp8¥94S2006/ 031713 al | frequenci es except frequencies

Wi thin a narrow 1doh; ﬁl\e’ﬁréfﬁu&?&('rgsgjoﬂsé i@?rcﬁd’e%ﬁ%ﬂﬁ'ya nét68 PRBS Elhe notch
Alternatively, the'one or nore frlitérs can conprise any satisfactory

filter or fittenpissmtiiegnenfiesfabovens bakdwga nbeeh, such 45 labowshand belop thegfes a

net hod_ for . determ ning a vaid fraction.of gas.in fl i

{1 owi nd0t AR TPBiaR G GEbbRtinp Todfssgn R SRR R ke
I nvention. tﬂecr]gaﬂﬁ%qu&&%om&ab@eﬁt negeNgyndtes ARASebstddillypases diomdd as
previ ously i scussed. In step 1902, the frequency response is

processed Wegengy Gowpbneti L4k, The notch filter passes frequencies
above and bel o t.ch, o I e y
1S R B ANENE Rl e 18 e

response in this e refore,
subst ant i akiienorg @etEerctihe agas ffegedaicen The aotthdilenpaskéd Ribstgal iyotllodf the

20 1 5 45 gr HPRRPPL SRl e AT ST BE goN EToepRy FsoRRTAe

o o TIP3 BRRSTAY, o 3,08 [enuency, e oleh L

notch and only Rbfermimsagaiegpudicy9)is seod 03 the wid fractien efgaed4bYist he

notch filt %Ezfermined using the frequency response, the gas frequency component 1412, and the
fluid frequency component 1416, as previously discussed.

20 FIG. 21 is a flowchart 2100 of a method for determining a mass fraction of flow
components in a flow material flowing through a flowmeter according to an
embodiment of the invention. In step 2101, a frequency response is received, as
previously discussed.

In step 2102, the frequency response is broken out into a gas frequency

25  component 1412 and a fluid frequency component 1416, as previously discussed.

In step 2103, an overall density (pmix) is determined from the frequency response.
The overall density (pmix) reflects the density of the combined fluid and gas flow
components. As previously discussed, the overall density (pmi) comprises substantially
the square of one divided by the frequency response (Z.e., the frequency response

30  inverted).
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Referring again to FIG 19, in step 1903 the void fraction of gas
1418 is determ ned using the frequency response, the gas frequency

conponent 1¢42.-aR¢4 he fluid frequency conponent 1416,pc38552006/031713
previously discussed. 20 FIG 21 is a flowhart 2100 of a nethod for

determning a mass fraction of flow conponents in a flow materi al

f1 ow ng t hroughirastéd] DMIARE ghs easpdrdhindentioy Gn..) i dbednined troof thelyes
invention. In step 2101, a freguency response |s. received, as . .
previ ous| y FgAENGE Semponent el LIEERS CPRBOHEE %&Pwﬁ%ﬂ@&ﬁfééh? ensith REMNSE

out into ag fof, %b%gﬂg £25 conponent 1412 and a fluid frequency
conponent 141 S a?s previ Srﬁsly di scussed. In step 2103, an overall

density (pm, ;) I sem2t0s; as prediotslyrdischesed.rtbgueiddyactios fBhkel gas TAES is

overal | _densi ty. m. reflects the densj of t:he combi i

e o Beletrbinb P T e e et Suergpris LRk s sGu S0 aRESnlrt dufz 20d

(Psyyivs) ﬂ%ih%@(@ié?%bﬁ?ﬁh@{thm&t e sauang voil freod b gabeidi 1Bycat be
l.e.,

frequency response ¢ e frequency response 30 inverted). 38 WO
2007/ 02211 8xPETEUS 0 0%i00 8 PPIegntags 05 PRIST MEBNIC.a gas conponent density -

(pg.) is determn . . 4
conponent densnriﬁ%p%fé%q regﬁ l%gc aé@ﬁ%@%%%?%@ o§ jﬁuﬂets‘{c{ié1 tﬁﬁgaogna I%\?ﬁ
?O rrg:)o n ? nt . ami %?aéts(; (ﬁp%a %&Bdenai;sj,r 17 g)/ﬁomwsiaylhdéhﬁwmﬁlj Aas shwevivini adluaﬂilfziﬁ. on
VF) of gas IS 5 determn sLN requency response..

the gadOf r equen&JScnipanionichay: anjﬁﬂ%efthﬁ’géngqwm%ﬁ&éﬂ SR
1416. The r830LbdRGINOGy %aggm oBwitly BRHeh AR CAR D RcofiRY RSBed as a

rati o, a percentage, or o measure. In step 2106, the mass
fraction i smbetienant nédhefimemtiohe Oneimpthadadtbrenkinamt thesflgd apd ganiregicney

of the gas densit to overall densit.y. ( (N
equat i on 4§9mf8n§¥‘°d§ 8@3&% FequeCT RIS Gﬁgﬁﬁgﬁf&ﬁ Oﬁ%%%otg%ffg&%\ﬁg obBrations.
det er mi ni n@ ABSHe bpaetib Bo@pribds Giteria HRAPR LSy sponké axvhrmfirer filadr that
flowi ng through a Tl owreter according to an enbqdi nent of th

i nvent i16n. stbsantiellyieriews therasa Biedgensy compangnt andsubsingally }P%Sé%fdgﬁ fyid
t : ¢ ot
CoITortng dioaRele ambbiehte Y ot Histnf SIRAAGR CoitiscO ity I¥requency

the frequenresponespians eecont il fliat subsfahtidlpr rejdonstthd Bugiubsuandyi einiyonent
rejects the gas frequency corrpongnt and subst ant i

al I_% %gs%s the
fluid frequenessiagaboneses theiges SEdsney FIPREIThy dpé N %%rﬁifrefses
filtering tqtﬁf}aufrps; ?gg?ﬁ%%ﬂegﬁﬁ?%ﬁﬁoﬂ%{ Whife 8RGO e 8litphRahe gas frequency

subst anti al requency conponent
20  component.

In stép 2201, a frequency response is received, as previously discussed.
In step 2202, the frequency response is filtered with a first filter, as previously
discussed.
In step 2203, the frequency response is filtered with a second filter, as previously
25  discussed.
In step 2204, the overall density (pmix) is determined, as previousty discussed.
In step 2205, the gas density (py,s) is determined, as previously discussed.
In step 2206, as previously discussed, the void fraction of gas 1418 is determined
using the frequency response 1410, the gas frequency component 1412, and the fluid
30 frequency component 1416.

In step 2207, the mass fraction 1419 is determined, as previously discussed.
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and substantially passes the gas frequency conponent. As a result,
the first filter outputs the fluid frequency conponent while the

second fil twooatopris t he gas frequency 20 conponent. IpgaTAls@@sBR0L,
a frequency response is received, as previously discussed. In step
2202, the frequency response is filtered with a first filter, as
previously di sEiGs$8ds a flowshap23W0F 2 thétbod fegieenoinings pessiadtion of flow

filtered with a second filter, as previousl 25 discussed. In step
2204, ¢ he SRFERSeTSdeALry e prist s ol ineir e i aREd et y

di scussed. embdtifetPo2BORvebtitsh, dAStHeSDI Hie RGEMLY kSipRietN) ieMceitsd, as
previously discussed. In step 2206, as previously discussed, the void

fracti on opregwyslygigusssddet ermi ned using the frequency response

1410, the gas fyequ Qo . Ll ncy
conponcht 1416, 11 fuicra G3CHAERY b BafhhRa vt HREHETCY
as previ oupteyicdbigclieasdd. 39 WO 2007/022118 PCT/ US200G 031713 FIG

23 is a flowhart 2300 of a meli‘god_for etermning a mass fr ctiog of
flow conponentX 5P 2308|tasP varele ASuSity (ProilheF e B AS Brert Epssed.

according to anpaghosirest .o d&&?cylggg\ﬁﬁtde@éhniﬁéa, §§|1;5/@vi%99}1di§c{1%ed.

frequency response 1410’ I's “recel ve as previous di scussed. 5 In
step 2302, the HhrsepdiSyhe esigdriston of gasddé 8 sedetsintiheda anpreytoulyl dissussed.

as previously discu d, In step.23 t.ne overall densit pmx), s
ot e miod by B 3G TRE peutast ERuGT A BBt 8 s SRR 6 |
(pg.) is deternkredy igs fBHeNAPYSY oftH 68 E6k detdim®iing a Z30RI fdve fivelich in
fraction of gas 1418 is determ ned, as previous|y discussed. 10 In

s tep 2302, a gpefllor gaatensl fowinmthroped 4 Sowaeler arcreting Benfrabaduger the
oo Ty ol et sl MBI scEDsolhordals MBS BOR Bl @

liquid flow Traction ow nmateria ovmng(;: rou
fl ownet er asemblli Iy at preaivusiybtdeiusedt of the invention. In step 2401,

first and second sensor signals are received.fromthe neter . assepbly
10, aslprevi ousisten %@@s@éé?ﬂsﬁ signals F%tbgf?ﬁ‘?fﬂmqnﬁ ; aééﬁg‘ﬁf’“fgl’ givarsetan

be condi tioned, g3l QUslYsrdhSns8os thd gl Sy %‘fh@éiall & JdQWisdd epfy

density of the gas flow material i1s déeterm fned. e flow stream

densi ty i sfldetseeanniedsitysis degtetrhimed using teefirsbyensirgiguial amithe hecond semsgr

sensor signal. Other flow characteristics, variables, and/or constants can also be used in
making the determination, if needed.

20 In step 2404, the flow stream density is compared to a gas density and to a liquid
density. The gas density is representative of a gas flow fraction of the gas flow stream
and the liquid density is representative of the liquid flow fraction. In one embodiment,
both densities are known and used. In another embodiment, only one of the two
densities is known and used.

25 FIG. 25 is a graph of natural gas density versus glycol percentage (i.e., liquid
flow fraction). The table represents a set of data that is used for the comparison.
However, any type of data structure can be used, and the data does nothavetobeina
table form. The diagonal graph line represents a gas flow material density for various
fractions of gas versus glycol. It can be seen from the graph that the overall gas flow

30  material density is proportional to the liguid flow fraction. Therefore, using at least the

measured gas flow material (i.e., total) density and a known gas density, the liquid flow

fraction can be determined. It should be understood that the data lookup can include
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signal. OQher flow characteristics, variables, and/or constants can
al so be used in making the determnation, if needed. 20 In step

2404, the fiyowosioreap density is conpared to a gas densigof/@achslo® e
liquid density. The gas density is representative of a gas flow

fraction of the gas flow stream and the liquid density is

r epr esent abileefafors,kacl aopreshufd md témpetiuoy forl exampée. divbiodi dbhundergioedh
densities are known and used, |In another, enbodi.ment, only. o of .t he
two densi fahaéémi‘%lgkﬁ%%ﬁaa%é? Qs RRur aggasr_qnég%ggﬁiogheg gﬁffee?&ﬁdilﬂuﬁgtc fip Ry tsed
gas density,yg&sMsingdycol percentage (i.e., liquid flow fraction).
The table represents a set of data that is used for the conparison.
However, any tyBefeofinglagain ttFIGs 24yl stepr?488 thesléanid aw fFastion it ¢etergured.

not have tq,be | able form_ _The di ine: a
gas 1 o% mararen G ey Srsrliet BE T HOSF pofkiB o IRRiL FREERRIRG
glycol . 1t ngadtidheTEEBRuiti M Fhaicglan be kitatqidney asat fo bedasning othe80
material density is proportional to the liquid f]ow fraction. )

Ther ef or e, CO®PHgtians, Fedisds a3 maspHevaly agdor fligwdmaessHoxy ra?q, foy example.

total) depsfihﬁa?fiq?{ﬂgﬂyé ﬁﬁgeﬁsgle&egl% GRPSid dtﬁft]d?ﬁtﬂei A iéérfmhé F@Hidu@Bmean

be determ née nder st oo at the data | ookup can
i ncl ude 40 dWRiRGO At RAR THBLMRETH LB2AGL0 3ATdBativetsh €re deantavisen cauehnEse a

pressure and tenperature, for exanple. .| houl d be underst pod, that
Bl Ehoudl | RETGRaR G14hs B sGeuR AFgEa> BERh BF poern B il L HEBE kph e
l'iquids camq b 4 and determned. Referring again to FIG 24, in

step 2405 the |iquid flow fraction is determned. 5 The liquid flow
fraction conpri S¥ysoutparing dretflavy siseanp densiin taide kepwhiggs flensity aps theggovwn
flow materdal,..The liguid flo ragti c d for
perform ng h&fur‘iieq’enﬁg% ﬁﬁg#%? ?noﬂ?\%%,gr%lﬁ(gﬁmgg&abegda%g?}%@ggﬁﬁ‘%\gﬁ{r&ﬁ %aéa{% /lor a

| i qui d nmasslefel@iMatish.eThé atioevaippkes: The liquid flow fraction can be
determ ned fromthe conparison of the flow stream density to at

| east tlAe knom%a@rcdﬁgg@q)./% ternatively, the conmparison can (*9)
conprise a 10 conparison of the flow streamdensity to both the known
gas densi t ywigmaDhhgrdindvenflow styesna deresiis ias getemyined frpay tha genspesignalty De is

streamdensjty to the known .gas .density. e QR .
densi Ty, - a P e e de e i o M ey fpoon
fraction denesdichay,itBaliqdib @lokatradion Cpdn eedeteriBnddmasured = X (DG /
DL (49) where asured is the flow stream density as determ ned

fromtfR8 sensor S GAdkesyes OLI/Po (30)
FIG. 26 is a flowchart 2600 of a method for determining a liquid flow
fraction in a gas flow material flowing through a flowmeter according to an embodiment
of the invention. In step 2601, first and second sensor signals are received from the
meter assembly 10, as previously discussed.
25 In step 2602, the sensor signals can be conditioned, as previously discussed.
In step 2603, 2 90 degree phase shift is generated from the first sensor signal.
The 90 degree phase shift can be generated as previously discussed. Although the first
sensor signal is phase shifted as an example, it should be understood that either sensor
signal can be used.
30 In step 2604, a frequency response of the meter assembly 10 is computed. The

frequency response can be computed using the 90 degree phase shift and the first sensor

signal, as previously discussed.
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t he know gas density, DL is the known liquid density, and X is the
liquid flow fraction. Consequently, the liquid flow fraction X can

be determ ned MAsin22sX = Deasured (DL) / Do (50) FIG ptfr/is3om/031713
flomchart 2600 of a nmethod for determning a liquid flow fraction in

a gas flow material flowing through a flowreter according to an
enmbodi ment  of Ideep DFEN Liflow stteansdanpit? 60the ghi flow naateria écdeidngperbiering

signals are received fromthe neter.assepbly 10, as, previoysly.

di scussed. WSTPRCBELTSREHD., I%%We@itggi%? %@ﬁ%@%@%hﬁi#?eﬁwﬁ s

previously Sgﬁé&gsﬁﬁ@ﬁ'p?ueln@y §és§9ns%@i_9§ im@:rt@%_}ﬁ@ R€ePREERnENMEporiss (since
om the ) he

generated fron first sensor signal O degree phase shift
can be gendeatid H6)piishoviddleyundersond sea other flawrgaractesistiess yariabdesnangy/or

signal is phase shifted as_an_ex I i d. er st ood t hat
ei t her éen§8?5%m§tf GRS B SS: lﬂgk?%m%éﬁ"’ P%E@g%%ﬁ%eg%r equency
response of theLgben6ee sRNMYId TOw Bactionudedmifde THe lkmikflow fraction can

response can be conputed using the 90 degree phase shif nd the .
first sensde degrgingd fom thereemngrisenoidhe Bﬁﬁaﬁm%@i}’@ t?é%‘?ﬁ?ﬂ%ﬂaé density,

PCT/ USZOOG{aQ%iIBZI,}O}ﬁg} Asik&Ry 2605, a fl ow stream density of the gas
flow materialF 1's termned using the frequency response. In one

embodi ment, t he FiGoI7 Btar Baweleer 00 pf b soettetderfiproessity sensquigialyintche
frequency response and i nverti t he squar.ed frequenc panse
(since 10der’§l"fl’j}etﬁr jeeprding ‘i"taﬂs@gtg’ld&}n% Ogﬁlﬁ’e‘}l%"tn&%' ﬁhgttezg?ﬁérﬁ?rﬁto SO

characteri %gééﬁﬁand’@‘:gécﬁﬁ’cll Shso PR D bire e 6ANGE Rt ShCAGwRleRS. DRe Bfederisbr

maki ng t he termnation, If needed. In step 2606, the liquid_flow
fraction i sighet srhtheeerondisendor gighel ar¢ Bwampaltitnhese e majeiad dlosing ndhe
fromthe cgig)arison of the flow streamdensity to the known gas
densi ty, WP ously discussed. FIG 27 is a flowchart 2700 of a

nmet hod of proceggifg 296Nk of bethadfshd firs@schorf Jigaiat@secand ssrdomggtiad agen
enbodi mrent of the invention. In step 2701, .a first sensor i

n signal a
a second seamesr shifieshalheaphase-shiBingc@mirisss YHENE adrEs SRy Genielly
sensor = Si [ : : 3
{1 ow mat or (A Poarhy TR PR P ey ke BEsHEln Saebbabiigs degiee
the first s#asoghifi gnal and second sensor signal are 15 phase

Lo, The Pqae b g COTBL ) 2635 LA L R A gt
phase shif ty,and .Abeemind 1AL RBEYent@ & RBerated from the first sensor signal and the first
20 ninety degree phase shift, as previously discussed.

In step 2704, a phase difference between the sensor signals is computed. In-one
embodiment, the phase difference is computed from the first sensor signal, the first
ninety degree phase shift, the second sensor signal, and the second ninety degree phase
shift (see FIG. 8 and the accompanying discussion). In another embodiment, the phase

25  difference is computed from the first sensor signal, the first ninety degree phase shift,
and the second sensor signal (see FIG. 12 and the accompanying discussion).

In step 2705, one or more of a mass flow rate, a density, or a volume flow rate
are caleulated. The mass flow rate, density, and/or volume flow rate are accurately
calculated for the multi-phase flow material by using the fast frequency and/or fast

30 phase determinations, as previously described.
In step 2706, one or both of a liquid carryover or a gas carryunder are computed.

The liquid carryover and/or the gas carryunder are accurately calculated for the multi-
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phase shift. In step 2703, a frequency (or frequency response) of the
flowmeter is conputed. In one enbodinent, the frequency is generated
fromthe fiGg6@78Q% Signal and the first 20 ninety deghas:abeseis
shift, as previously discussed. In step 2704, a phase difference

bet ween t he senﬁor Si gn%l S is conPut ed. I'n one enbodinent, the phase
di f f er ence FRESEO0T mmaterial by singdhs fapisireqyenesornddirdagiphaseisterininations, as
ni nety degragyiphas eshibld., TH %%&%5}9@? hgRA RN LS 8 §ERNY,
ni nety degrlge phagee shift l}sgaes FI §§I2028{t€§h1g§@ocﬁpngﬂ‘ﬁrﬁanbe%eterlmned
di scussi on)by Ysingthe presiousishdisiusendtvoid frectjphasehad foi daampingee FIGS. 16,17,

conputed fr first sensar signal, t first njnety degree phase
S Te, *and e Ea ot FeodRatine fsfiimon: o8 Bpefiven s osayinder shdlor e

acconparfyi rguil eetesb0dh. bel @R d 20 ARingAE PR oI Qlié?%\ss%d DRRS fbily
rate, a den5|£8/c£1 or a volune flowrate are calculated. The mass ow

rate, densi®§Hhoc ey sempd (FeeFIGD W 1rae anddheacsoopeayiag discessionl bt wd f or

30 phase derener Ll Bl g kel PRl S PPVE B Feinnd
or both of usingitepevicaslyybsessediliqaidfisy GaABEH) G feoxamplC@IPRICE 24 AT096
liquid car r%ﬁ\&?r and/ or ,t hg. %%s_ carryunder are accurately cal cul ated
for the mulFfNAECUPPIHEnE Gsoustignpdirtistoens; the orethodssaa de usedoiw

mat erialy byotkdafioh NEhE BSleedth, ¥, ;
det erm nati ons ag‘ pr egi oasl %ag)gggéfl?@gg{&#ﬁg"%%‘%ggﬁaﬁﬁ%%8frgaé?r?&?6}?3
the |iqui d ligsid§assien) carbesbeniasedrtonomdatelyynd sbmgletdte qRaRMY el $biponents

di scussed i ctii on-net had.. for exanple (see FIGS. 16, 17, and
19 and the%ggk%o%%rﬁlqaﬁ%ﬂa}@%%}%#on). Al ternatively, the gas

carryunder and/ @he tltferldc@Hics ab @b abcd @R M HoLaIdH d%ﬁ%el?%ﬁ Hileta
the previously discussed mass fraction nethod, for exanple Eee

FI GS. 21- 28°HKding fieamy eldhp smprdigneatsis wsdsr endbtainseyern! advantnpes; if desired.

| t I Vet the |iquid
et or mined ks SRR FRLLRCSR: BbRor e 1O st Ao vels B

for exanpl eat¢ $we FHLIGSphaRd flawdn@6riala Mhe tHRnAGE EANAPNILN SorihEs UsHi ON) -
Furthernor e, tt}e‘. et Eods Cﬁn be used in 10 _conbi nation. The

per cent age&§ POGAEICH K9 & THii-Bhase flow mateniad. JhE dnventien campiovidgasmpntitions
the |iqui dffheaki i -and | ef. el
quant i 1yl | o e IR BRAR RO R AL URIS T TR G e
el ect r oni cBroyide apsveatioas obtheifloy ¢laeacianisting faster than il thel piek effent ehile
accor dhpg Egnsﬁ ofesthe enbodi ments in order to obtain several

advant ages, i Q%‘&Ii P OCSSTEEHIE® i nvent i on can conpute one or nore of
a mass flow rate, density, or volune flow
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rate for a nulti-phase flow material. The invention can rapidly
conpute flow characteristics for a nulti-phase flow material. The

i nvention oggu70Yiige conputations of the flow charact egirsisb@so31713
having a greater accuracy and reliability. The invention can provide
conputations of the flow characteristics faster than in the prior art
and whil e @@ g8Aasum ng | ess processing tine. 43 WO 2007/022118

PCT/ US2006/ 031713 W claim_ 1. Meter electronic SrngO) for _progessing
sensor si ghal s ¥#ier éleﬁﬁﬁl"tl?ﬂfﬁﬂh%PF‘P%WmWé‘?ﬁ%mf B PPORBesIqPs) |
conpri si ng; -0t .receiving a first sensor signal
(210) and%@g&@ﬁg@@gg@%@,@@ ngsfﬂg(eﬂl) for the multi-phase flow
materi al ; and arneekss({20]) SHrseeinit2 Hystsensovsigoali(d HY)iavd atieetndisgasor

interface (201) and . copfli ed to receive the first sensor signal,
(210) ahd the seconc’?‘%’@ﬂgj&gy%@%@{%@?ﬁ%PWOYWTW%I’ ?Ihotserface (201)
generate a firsf &b&%ﬁ% 9880 P 1aSemutRidation 24B)thé frderfide €20 1)raat
sensor signal (er)LO) and generate a second ninety 10 degree phase

shift (214) from t heosBgernd temegiye th Frbiente Bl gl%ﬁba%thése?%&a%%y
Second ni nty degr e BLCHTY ARG Yy GFReTE0 N Bafs b Hrodefleh) dffcee fiSe
(220) using one or mhEfe(I1B) filben the fisst seisoekignalddt Benp paserateha fepor(iayty
Tore of0a 15 mss {1 dseeates SRS 1% aBhe S HSEO SEOA b h AP IDR
nore oOrva mass ; )

rate (225) for the ute}@p@aa}eﬁi]ﬁ%ﬁe@f&ﬁéhﬂtnh%ty JddedWa8¢ shift (213) or

el ectronics (20) of clalml, e interface i'ncludiing a digitizer
(202) configured to t#Hegédond aineedemesphassiijfidR14)2@mgputy h ghagst difterence

el ectronics (20) of glaim.l, with the_processi {
further configured t@z ?%qgﬁ%orgﬂgegﬁa}?ﬁrg rb‘fl&g déé%%’ﬁ?%@%éﬁ%ﬁ
(1425) or a liquid GacERUeindylddRde piasé SaNDI4)| ath@sedie O or more of a
material. 25 4. The neter electronics (20) of claim1, wt

h the
gener alfng conpri si nyasssiovgraie (333D wedonsityy @R4) o¢ Aaeluge fow ganétay dotthe

first ninety degree phase shif and the second ninety degree
phase shift (214). 515“%@1%*?%98%"%%%@1rom cs (20) of claim1, with the

conputing the frequency (221)
2 The meter electronics (20) of claim 1, with the interface including a digitizer

dnre

(202) configured to digitize the sensor signal.

20
3. The meter electronics (20) of claim I, with the processing system (203) being
further configured to determine one or more of a gas carryunder (1425) or a liquid
carryover (1426) in the multi-phase flow material.

25 4. The meter electronics (20) of claim 1, with the generating comprising using a

Hilbert transformation to generate the first ninety degree phase shift (213) and the
second ninety degree phase shift (214).

5. The meter electronics (20) of claim 1, with the computing the frequency (221)
30 comprising computing the frequency (221} from the first sensor signal (210) and the
first ninety degree phase shift (213).
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30 conprising conputing the frequency (221) fromthe first sensor
signal (210) and the first ninety degree phase shift (213). 44 WD
2007/ 0221 18wiGhiAd92Q96/ 031713 6. The neter el ectronics ;(Caﬁ)g)szm)fgmgll-;gj m
1, with the conputing the phase difference (220) conprising
conputing the phase difference (220) fromthe first sensor signal

(210), thegfirsthohRed ¥iedeahiee(2ohaseamhi fwith ZbkIompatide thepisee difdrence
sensor signal (211). 5 7. The neter el ectronjcs of claiml1, wth

the conput (3%9)ChapRsas comping BppaaseGFersucedap é?lﬁéh%ﬁ%ﬁﬁqsﬁfg“@ﬁé

h di ff f\i st
i mety. degl o pRa 8 Hnepl A5 idihatt ik GEIRGH s%%%h%fé%%?glel?%”gaé
the second ninety degree phase shift (214). 10 8. The meter

| ect [ 20) of cl 1, Wit Al

Fur ther Sconf 1 quEBAmeG BlegRUgE {20 RECR R b UHE P Pat pad & %@3%(5‘%

gas frequensy) cGRIFAGAE eémﬁﬁiﬂ;gzﬁle%ﬂgseahfféﬂéh& LoeatenaNe ﬁ%@%@fﬁz

(1416), determne one or nore of ‘a void fraction of gas (1418) or

i quid fra&lmnhéfmmnem degredehabe StjlidALY), thespromgeenser sipoy! @AY élﬁiather
nore of the (1412) and the fluid frequency 15
conponent Ei“g’fé ﬁ%# ?‘%ﬁea ‘gﬁte@@?i re of a liquid phase density
(1422) of a liquid flow conponent of the multi-phase flow materi al

or a gas phase density £1421) of a _gas _fl ow conponent usi ng( Mﬁ) yvoi d
fracti 8f of- gas T@g@@r elegfgnige{ D of ﬁ]éu%ﬁewﬁh Torracesping sYFEe emg
cari yunder

carryover ﬂ%‘g%%n%n%&;&’o%%ém%?gg%‘{ehmgﬁ%?%é rlgéz)ét:c |a r?g ('1)‘1;3 H%%lgy
(1418) or thmpbnemi(tiiR) and & Anid FeREpcy @ByBnefi@4 et deterhips tnoni mere of a

Frequency FekbaRiEnClaroN DR GBS FarbraFe Db AT RORERatt e 1y
reject oneg PfilO?)@ﬁd g8 of ﬁl@l@‘%ﬁﬁﬁé’g&cﬂ@ﬁ%&%}t cotrlifbhént (2L)the thd :5!111)@ frequency

frequency co nent (1416). 25710 he nmet er el ectronics

claim 85 wcpmppn@ltlﬁlée@kmg:rmme @Sy miae n@ahqwtimhiafﬁf:gdemﬁb(lfﬂr be%fhwnd
10) with t th t
ol T N A R T S B

frequency ¢RPEIBHinen(ddikbhe 301l fradtibelof B (tlh%)f, ERbdeaeyine e8pornsere of a
(1410) with a second filter that_ substantially 30 rejects the &I ggn
cy

frequency eswpEnamde]d42p)ofshamalibabashiiod mgﬁeﬁ@!ﬁ@sh% CHYBLOVET g
conponent g%%onenf’ﬂﬁeeg%& B8l fedctibon o bhE 4 P8 RUbSTLRNG sdcHbd (1427).

frequency

9. The meter electronics (20) of claim 8, with the breaking out comprising
processing the frequency response (1410) with one or more filters that substantially
reject one of the gas frequency component (1412) and the fluid frequency component
(1416).

25
10.  The meter electronics (20) of claim 8, with the breaking out comprising filtering
the frequency response (1410) with a first filter that substantially rejects the gas
frequency component (1412) and substantially passes the fluid frequency component
(1416) and filtering the frequency response (1410) with a second filter that substantially

30 rejects the fluid frequency component (1416) and substantialty passes the gas frequency
component (1412), wherein the first filter outputs the fluid frequency component (1416)
and the second filter outputs the gas frequency component (1412).
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and the second filter outputs the gas frequency conponent (1412). 45
WD 2007/ 022118 PCT/ US2006/ 031713 11. The neter el ectronics (20) of

claim8, w %m%gﬁserm ning one or nore of a void frag&,hggmggmgﬁ?

(1418) or a liquid action (1427) conprising cal cul ati ng'an over
density (1420) fromthe frequency response (1410), calculating a
fluid conponent 5 density (1422) fromthe fluid frequency conponent
(1416), calculating a gas conponent density (1421) fromthe gas
frequency ddnporidsmetardegtroniasd2Qedfcldints, mithahey detdrmihingaineon nufre ghs void

1418 i f fluid ity (142 i th
veral - acrelby 8 Bheio Fol o S TRRE HED iR eAr  BRE RS 5 Pl 22)
m nus the gResiGOAQOERbm tHERShtancy ldBdnse (14103 Zalchn@ingRIfRTid 8bREbAARI CS
(20) of clajm.1, with the processing system 203{@5& nclJ further

h
conf i guPed 4e8sibr €4R2biliemithe fpiddepasprsy joamesprid 14160 cpiculsiing aagas|comppnant

as fre fluid f e .
(T16) ot orinrQURENESh hd ARt bardthy ¢ PO R RRR e
][ esponse ( f#t@pn of gas(a(rl T‘l &))Easead@ﬁs oﬂ%ﬂm&c&ﬁ%dn?ﬂﬂaéqsfty ()W:?Ehmhg&(&lﬁ ?L\grall
requency c on etermne a void fractiqQn o as
fromthe f éﬁﬁ @9%@@%@(@%@@? CAR@OBHE d6PSitig) 42 mippe g s Component
frequency .degg;gp@qm)_(MlZ) and the fluid frequency conponent (1416),

and determne a hass fraction (1419) fromthe void fraction of gas
(1418) WWultiplied by a ratio of the gas density (1421) divided by

t he overall, densi.t 1420).. 20 . The ter electronics (20 .
Claim 12 W h o S S G om0 i Boor St S R0 sies
to deter m MertRerR8Hgile0'w bakR oﬁﬁtﬁg)ffegﬁeﬂc?@es?)bﬁéﬁ (181 ®ihidlat idagin ghe
frequency response %1410) and determne at [east one of a first flow

conponent HERSEENGIRPIEPsERYA 412 sl adbrig EnawrnciasEpoRinh (L 4LAb deteserine an

el oot r oni ¢ Com) Rt (13207 b Moqel FsBate Mo ot B8 Sraring
f urt heriScorfl#2jyrfeen the gy degaeidyecfnpenere (T412) akpanse: 4 idid Baction of gas

generate a red frequency response, invert the squared frequency
response tﬁ%tﬁém hefreeaeRarERORss (1438) ancsengrArares 6% te sen Dsapee

P P e e e e
r epr esent atfragtion{14d9) fram the aold foactiph 42 8)s @AHSanpitiptied by aratadof the)gasd
density (14280 1851) AviRRLG S SRk Serly Pla20).
20
13.  The meter electronics (20) of claim 12, with the processing system (203) being
further configured to determine a mass flow rate (223) of the flow material from the
frequency response (1410) and determine at least one of a first flow component mass
and a second flow component mass using the mass fraction (1419) and the mass flow

25  rate (223).

14.  The meter electronics (20) of claim 1, with the processing system (203) being
further configured to square the frequency response (1410) to generate a squared
frequency response, invert the squared frequency response to generate a substantially
30  instantaneous flow stream density, compare the substantially instantaneous flow stream
density to at least one of a predetermined gas density (1421) that is representative of a

gas fraction (1428) and a predetermined liquid density (1422) that is representative of a
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46 WO 2007/ 022118 PCT/ US2006/ 031713 liquid fraction (1427), and
determ ne one or nore of a liquid fraction (1427) or a gas fraction
(1428) fro ring. 15. A nethod for processing sensor signals
for a nultl-ﬁﬂégﬁﬁgﬁ wnaterial ina 5 flowreter (5), tH/FeHgys
conpri si ng: rece|V|ng a first sensor signal (210) and a second sensor

si gnal 21 hase fl ow materij.a ner. at a first
ni get y f:legﬁe i reztactstle éhﬁf—}b %%%tfm?lp%ﬂ?et?{én‘?rf’ Pt?hg‘é‘ﬂ BFtiY Q%g@ or @ £39)
and generarﬁmgoﬁ(BQQpﬁdmmMﬂ@mwmdﬁgree phase shift (214) fromthe 10

second sensor signal (211); conmputing a frequency (221) using one of
the first nlnety degree phase shift (213) and the second nlnety

degree phasg, shi Ene}ﬁh%ﬂi"f)m OOMRHL! ds@ﬁsoﬁ?s Bﬂﬁﬁ?or@f &E; %%é%zrg '11’1‘9

one or nore of t rst |ne1 eqgr ee ase s the
second HAi neiqwmglréé,tbhafem:sﬂuompr(sﬁlgﬂf) and 15 conputing one or nore

of a mass flow rate a density. 24), or vol uneg at e
(228) Tor the. riferibhagbteuw nanti i and 5 sShmd setchotenet Cal Worites,
determ ni ng one or rrg{@n_@ija@fggﬁnﬁ@eﬂayunder (1425) or a liquid
carryover (1426) in the multi-phase flow material . 20 17. The nethod

of claim 15, wi ghnuhgngehest ainehgdesranhasd ﬁgﬁﬂ%]ﬁhéw@n el fivetr gensor signal
transformation to ge t irst_nin ree has f
and the second ni net gggéener%mgea Seﬁm}cf %ﬂ%ggreﬁg %“I%@ r‘ﬁe#ﬁ%’%g%f

claim 1 with the cesqutlisagot hgnflremmency (221) conpri si ng
conputing the frequency (221) fromthe first sensor si %g (210) and
the first ninet foNgEGRGEe GsARALY $54 b using pay of they liryhinets ORgrge shaseishifim

15, with the conputi risin
conmputing the pggse %@%gﬁ%@%&@&ﬁ%gg@ﬁéﬁ% rglffp(sen or Si g%al
(210), the firsbtmpitied y phiegeierpheas@2@hisfiy c(nEbB)noranﬂtHeffﬁsﬁﬁﬁﬂjﬂdegree
method of ol ai i 15, R SHECA SHPUL FAGFCHOBRACCRRT HEpoAuE (P iopmd
co gﬁ A : s1|(52% O)COw?tﬁbmgmlﬁ@@n@&aﬁ@redjffaflﬁésg e 1hR3023) & ABRERE2DAY, 8 o FHOSQT

flow rate (225) for the multi-phase flow material.

16.  The method of claim 15, determining one or more of a gas carryunder (1425) or a
liquid carryover (1426) in the multi-phase flow material.

20
17. The method of claim 15, with the generating comprising using a Hilbert
transformation to generate the first ninety degree phase shift (213) and the second ninety
degree phase shift (214).

25 18, The method of claim 15, with the computing the frequency (221) comprising
computing the frequency (221) from the first sensor signal (210) and the first ninety
degree phase shift (213).

19.  The method of claim 15, with the computing the phase difference (220)

30 comprising computing the phase difference (220) from the first sensor signal (210), the
first ninety degree phase shift'(213), and the second sensor signal (211).
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first ninety degree phase shift (213), the second sensor signal
(211), and the second ninety degree phase shift (214). 5 21. The

nmet hod of clyvaiswhziigurther conprising: breaking out th@dﬁ@gm)@gﬁm
(221) into at least a gas frequency conponent (1412) and a fluid

frequency conponent (1416); determ ning one or nore of a void

fraction ofpgasThelshdBbdOF cRirh i16Wwih tHeaotipdting # fhkédiffefdnon(220e
frequency response (1410) and one _or nore of the gas frequenc

conponent F%HW&WRW@%@EP@SP Atfuene 2 20 El??tﬁfétlm}ﬁﬂf Lignal 210), the
det erm ni ng, PR d Je%h%{:e é?hl as 29}&? ba3fd defst %ﬁmﬁ ¥428) ad th@sédoﬁ@' d

fl ow conponent tr- ow material "or "'a gas phase
density ( ldidddy degfeeqnhgsesshﬂft@?/\‘zék).orrponent using the void fraction of
gas (1418); and 15 determ ning one or nore of a gas carryunder (1425)
of the |ti-phase flow material or a liquid carryover (1426) using

one or nore; of TH@mu@lbéoff:raﬁﬁt150ﬁr@&raﬁ§x(s%fgl8) or the liquid
fraction (1427). 22. The nmethod of claim?2l, with the breaking out

conpri si ng proceseling Otﬂﬁée ﬁ@qﬂ@?@m §&HQ ynip @t [sevigesas fepgugnayi compeRt §1412)

nore filters that subst | ] he gas frequency
conponent (1412) anaamt%lhél 1111F1§re8¥?nc c?(é%l 8yé}1§ fr)r%olc? ent (1416). 23. The

met hod of cl ai migdrmiMinklont be myteaki ted GtattioooPgdsgi 48) o klligeid figtibhe
frequency response (1410) with a first filter_ that substantiall

reject$0° 25 the gas A2 Gusemfh %@?ﬁ.}@ﬁ@h’fesl(%iﬁ})ﬂgiani%f‘s?raifﬁ?ﬁeéﬁ (e gas
passes the fluid gﬁga@

frequency response (q%?% a @hl%ﬁﬁ%&g?ﬁ@%{@éﬁ@f dﬁ%:{ohgﬁt(léllé),
rejects the fl udetefmiamgenep: compofeliquid pAde)deasity Gub3} el liqlié ‘ﬁcwasses
Ut put'e t he 11 ur o 1 r U] Lo BRERER LS00 SaREL e S QRaie P 92D
outputs the gas fre the vt MEtRAGF A2 11 d
PCT/ US2006/ 031713 WW&%&M Wi t)E hggdgt eis)maﬁl ng

one or lhore of detem@n[grcal@tm‘ mﬂr@ﬁfa g@ssca(mnw (W25 of ﬂ‘cwpéll‘flﬂ?f@éﬁt flow
( 1427) conpr I si ng. Clﬁhllaf%gl? 01' a I:Vgll g4§mggﬁ%0ﬁé@ﬂggrefq’§% \}Ch@

frequency response ( onent densit
(1422) fromthe flui ﬂadtfo@.ﬂif%@@{/léllS) or the liquid fraction (1427).

22.  The method of ¢laim 21, with the breaking out comprising processing the
20  frequency response (1410) with one or more filters that substantialty reject one of the

gas frequency component (1412) and the fluid frequency component (1416).

23.  The method of claim 21, with the breaking out comprising;:
filtering the frequency response (1410) with a first filter that substantially rejects
25 the gas frequency component (1412) and substantially passes the fiuid
frequency component (1416); and
filtering the frequency response (1410) with a second filter that substantially
rejects the fluid frequency component (1416) and substantially passes the
gas frequency component (1412);
36 wherein the first filter outputs the fluid frequency component (1416) and the
second filter outputs the gas frequency component (1412).
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5 conponent (1416); cal culating a gas conponent density (1421) from
the gas frequency conponent (1412); and calculating a void fraction

of gas (1418h.85021i8ti 0 of the fluid conponent density pclhlkadlodh3us
the overall density (1420) divided by the fluid conponent 10 density

(1422) m nus the gas conponent density (1421). 25. The nethod of

claim 15, farthege ©eiHRH IS LR 20r Rk R ItiRE ohE QOMBRF 4 85O 8R&EN of
(1410) into at least a gas frequency conponent (1412) and a fluid

frequency swfpbhermr alopidiactipg (X8 cavprigigEan overal | density (1420)

fromthe freque nse.. : 10U i 1421
fromthe gasqf r%%%%@@p a%o&rrrgloaﬁl%drd\égl Q%ylgfg@t E&gﬁé e?%?l%ﬁgg&asg @%%i A‘f(lro( cti o)n
of gas (1418) feadnlithe £ flwiduenpynere spottyd 14204 Fyn dredludd &equemepr e of

t he gas_frequency conponent S 412) and the fluid frequency conponent
(1416) ;5 and 20 det erSAMRBE s fraction (1419) fromthe void

fraction of gas | bbb & (1283 1) G e S8R0 t
(1421) di vi ded %ﬁya{i%tg)g&gegrg é’?’%n?’biéée‘rﬁsﬁe%{i}@(%zlg% h s GR3uekRH Sofponen

claim 25, further cofipti)semd): 25 determining a mass flow rate (223)

of the flow material.from.the freguen esponse 410). .
det ermi ni ng at ?aéﬂg?m@naev%ﬁ%% clyon @ftjgafﬁﬁﬁséﬁ%&#@n‘{f(tﬁ%é‘égdac g{bgmg%tggrrl\%ty
fl ow conponent nassgqg%ﬁginﬁlbﬁlerm@ﬁaﬂfde@@iw Q20 iRd anahd Heidragpohdow
rate 5223). 30 49 WD 2007/022118 PCT/ US2006/ 031713 27. The net hod

of clal®n 15, furt herdessiptiddhginus damedsirgmpraettdeatigr{éd2esponse
(1410) to generate a squared frequency response; .inverting the
squared frequency response to generate a substantially 5

i nst ant ane@sis f Thenmsthodaicdand sl fortheoomaprisige:t he substantial |y

gas deneity ( 14bEHCEREb e Traeyarpan /i D i aptien T M
component (1412) and a fluid frequency component (1416);
15 determining an overall density (1420) from the frequency response (1410);
determining a gas density (1421) from the gas frequency component (1412);
determining a void fraction of gas (1418) from the frequency response (1410)
and one or more of the gas frequency component (1412) and the fluid
frequency component (1416); and
20 determining a mass fraction (1419) from the void fraction of gas (1418)
multiplied by a ratio of the gas density (1421) divided by the overall
density (1420).

26.  The method of claim 25, further comprising:
25 determining a mass flow rate (223) of the flow material from the frequency
response (1410); and
determining at least one of a first flow component mass and a second flow
component mass using the mass fraction (1419) and the mass flow rate
(223).
30
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(1428) and a predetermned liquid density (1422) that is
representative of a liquid fraction (1427); and 10 determ ni ng one

or nore of @ddogtgik! ow fraction (1427) or a gas flow f i
(1428) fromthe conparing. 28. A nethod for processing sl;e%ggérﬁds%{oaﬁé S

for a nulti-phase flow nmaterial in a flowreter (5), the nethod
conpri sing.,,.15 recei yvi first, sensor si.gnal (210) and a second
sensor si grdl (ﬁi)ﬂ%ﬂ%ﬁﬁ%‘m ﬁrfrlf’t]{tg%ﬁa@g“?lﬁ%w material ; generating a
first ninety degc?@ﬂn@ﬂﬁﬁ%qﬁ@ﬂcfy'ﬁres{paﬂs%)(limqm dheratd 4 Sfua®@ieQtensi gnal

(210) and generating a second ninety degree phase shift (214) from
the second sensor sIEPR1ES(211); 20 conputing a frequency (221) using

one of the 111 st Bk g dRRLeRcAAaRs Dbt o falile PhuthRiaRoond

ni nety degree phase Shiftt hase ference (220)
usi ng ofle or nore of instetah¢qusflomi swety ddegiiyee  phase shift (213) and

t he second ni nety deqgr hase.shift (214);. conputing. one.or nore.of
a mass flow rat 83/[’('%%%%&%&(@%%@6’ 1?55&3“,60 ﬂoaW tg%)aﬂh%e"g%y%%%aﬁta({ng ofa
(225) for the multi - phaserfihengd¥aiersifydl 421300kt BaBRYScnRGvOBLa 815 fildtien Of
a liquid carryover (1426? or a gas carryunder (1425) in. the .

mul ti-phase flow mat 88l andzgredeampsdigiidgiendiivail it Ddhat\y reprepmgative of

generating conprising ;HsiatcBodtilhbey 1,80 transformation to generate
the first ninety degre‘g phage S i?tﬂ:(nZB) and the second ninety

degr ee lphase shidéternfining)one S0mMa® FORudDRI §aRETY (US20 ©6 £ @351 TA8 fragdn

The met hod of claim pth. the conputing the frequency (221)
conprising conputi nél%'?ﬁ)\é\fr?rpélaeu%o %%21) fromthe first sensor
signal (210) and the first ninety degree phase shift (213). 5 31.

The nmethod of claim28, with the conputing the phase difference (220)
conpr i si ng 28onpét Aot fer pypeesaingiserser egeals for agnultir-plese Hewingtenal deasor

si gnal (Zlgl)ownrlé%&(Sﬁ,it%e;%f?{oﬂ%éﬁp%gﬁrg?e phase shift (213), and the

second sensor “Signa e®met hod of claim28, with the
conput ildg t he phasivish 4 fiest esreer {12240 )2 1) and aREdGIHRIENO BIpHb] (201 tfbethe
phase difference (220) fromthe first sensor signal (210), the first
ni nety degree phase SWittPhesoflow maigdakbecond sensor signal (211), and

the second generating a first ninety degree phase shift (213) from the first sensor signal
(210) and geﬁerating a second ninety degree phase shift (214) from the
second sensor signal (211);
20 computing a frequency (221) using one of the first ninety degree phase shift
(213) or the second ninety degree phase shift (214);
computing a phase difference (220) using one or more of the first ninety degree
phase shift (213) and the second ninety degree phase shift (214);
computing one or more of a mass flow rate (223), a density (224), or a volume
25 flow rate (225) for the multi-phase flow material; and
computing one or more of a liquid carryover (1426) or a gas carryunder (1425) in

the multi-phase flow material.
29.  The method of claim 28, with the generating comprising using a Hilbert

30  transformation to generate the first ninety degree phase shift (213) and the second ninety
degree phase shift (214).
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ni nety degree phase shift (214). 33. The nethod of claim 28, further
conprising: 15 breaking out the frequency (221) into at |east a gas

frequency cwoposwaiigl412) and a fluid frequency conponghiuseddd®)is
determ ning one or nore of a void fraction of gas (1418) or a liquid

fraction (1427) fromthe frequency response (1410) and one or nore

of the gas30fr egheneihoa@TRRNE S, (ith i) cornshiing ehd frequdnty @UEamyprising
conponent (1416); 20 determ ni n%r one or nore of a |i

ui d phase
density (129ppulgig the Gegeangy (1o e Msdreirenor signal G?-ﬂ:ﬁ} ?ﬁdﬁﬁag’éﬁﬂfﬁw

mat eri al oy 0] 0= sity (1421) of a gas flow conponent using
the void fr% ??g%mogﬁgggg%€418); and determ ning one or nore of a gas

carryunder (1425) of the multi-phase flow material or a liquid
carryover 426). Uusi one, or re.of the voi S5 fraction gas
(Lol S e et metRiat Eregh 25 nhe dotfo e the FRsn R LRE F0d

W th the breakiififlg ebthps b $hie ROeLSSDY) h8 thd fiLgHRBEYsiFeS KIS ahe
(1410) with one or nore filters that substantially reject one of the
gas frequeifiest ninsivpdeeser pliase 93ft (ARY), enihe pegond persgtisigayl (@bhiponent
(1416). 30 51 WD 2007/022118 PCT/ US2006/ 031713 35. The met hod of
claim33, with the breaking out conprising: filtering the frequency
response (3410) Twe tdetteodfdfrcidimfagl, tvih thdhedmpsuthgtthn phask Idiffareoe220) t he

gas frequency conponent (1412) and_substantially sses the flui

fr equeﬁay COMPUHBR COPULTE the @ %Feaﬂqffﬁne%ﬁ'r@ﬁé) e _gﬁ%é?ﬁ’ég}r Srl%%gé_ﬁ)é» the
(1410) wit g @%@9@9%& beRE sif301 DUBRIBNIaAehdbr sfpBhRCLP), bletHelsichd
frequency conponent 4 and 'substantially passes the gas

frequency admpodemnte fHedd H)ift MBrein the first filter outputs the
fluid frequency conmponent (1416) and the second filter outputs the
gas frequency conponent (1412). 10 36. The nethod of claim33, with

the determspi ngTHQ%e%odWc@aiﬂfZS?ﬁ%ﬂiegc&h?&ﬁhQn of gas (1418) or a
liquid fraction (1427) conprising: calculating an overall density
(1420) 16r om t he bfeakiggent fherfeasponryd 22 D4nw)at leasha sl Bequsacyacaoprangnt (1412)

conponent density ( 1&1%(? 91 ﬂﬁfd%qtuggcjj éo%p%ngﬁte(ghlfé}?y

determining one or more of a void fraction of gas (1418) or a liquid fraction
(1427) from the frequency response (1410) and one or more of the gas
frequency component (1412) and the fluid frequency component (1416);

20 determining one or more of a liquid phase density (1422) of a liquid flow

component of the multi-phase flow material or a gas phase density (1421)
of a gas flow component using the void fraction of gas (1418); and

determining one or more of a gas carryunder (1425) of the multi-phase flow
material or a liquid carryover (1426) using one or more of the void

25 fraction of gas (1418) or the liquid fraction (1427).

34.  The method of claim 33, with the breaking out comprising processing the
frequency response (1410) with one or more filters that substantially reject one of the
gas frequency component (1412) and the fluid frequency component (1416).

30
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15 conponent (1416); calculating a gas conponent density (1421) from
the gas frequency conponent (1412); and calculating a void fraction

of gas (141Gpagy@zmeti o of the fluid conponent density pctrlkddk osirus
the overall density (1420) divided by the fluid conponent density 20

(1422) m nus the gas conponent density (1421). 37. The nethod of

claim28, fyrt hele SOMBE bSLIAG: 3B Wik tHRbrekind Ae cbipaYRBCY I esponse
(1410) into at least a gras frequency conpanent ( 412{1 and a fluid

frequency conpoésingthefrequengy resperserdi Hih gvithre Bise Flien thateyybptantislly £oigyts
fromthe frequency r . N j 1
fromthe gasq?r eqﬁentgig%orﬁn%él%é#@ﬁ%ofgﬁﬁﬁg@%??ﬁu%t%g&gg?gggg ?ﬁreg?:[#]go)n
of gas (1418) from tiheubicgqueneyenadpbi)send 1410) and one or nore of

(141055 and 30 SerGRIRR ERGIE HHSEOREALH O tisyns R RthORgaD.
fraction of gas (141&kctsAkt fhillfRdey G%df}%%? (9416)hed GasstAeRsY fiéslsses the

(1421) divided by the overall densify ( . 52"WD 2007/ 0221
PCT/ US2006/ 031713  3®s fiEhneensgtchogondnt €142 37, further conprising:

determ ning a mass_fl.ow.r 223 f I ri f

frequency r aspongs (38067 gt @it HoqfeelRpRirbRlu L e,
fl ow conponent mass geshdAiikeeagiid thewas feqracetdmpmrat UiDY the nass
fraction (1419) and the mass flow rate (223). 39. The nethod of

claim®8, further conprising: 10 squaring the frequency response

(1410) to ggnerafe 3844t f.”g,exgﬂﬁ ﬂﬁydetérﬂgzggg ofte 01-l Fger 511 D\bhill Bection of

squared frequency response to generate a s antia i nst ant aneous
fl ow st r eagasd@dsd)tor;a lnpidp@adtiog (1427 )sotmptisingi al | y i nst ant aneous fl ow

LS e Tl el PSR B ST Y
predeterm ned | ¢ qaiil4lind@N@ikil Yomblreht dbhiddy (1522) ERICERTHAY FGudicy
15 component (1416);
calculating a gas component density (1421) from the gas frequency component
(1412); and
calculating a void fraction of gas (1418) as a ratio of the fluid component density
(1422) minus the overall density (1420) divided by the fluid component density
20 (1422) minus the gas component density (1421).

37.  The method of claim 28, further comprising:
breaking out the frequency response (1410) into at least a gas frequency
component (1412} and a fluid frequency component (1416);
25 determining an overall density (1420) from the frequency response (1410);
determining a gas density (1421) from the gas frequency component (1412);
determining a void fraction of gas (1418) from the frequency response (1410)
and one or more of the gas frequency component (1412) and the fluid
frequency component (1416); and
30 determining a mass fraction (1419) from the void fraction of gas (1418)
multiplied by a ratio of the gas density (1421) divided by the overall
density (1420).
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a liquid fraction (1427); and determ ning one or nore of a liquid
fraction (1427) or a gas fraction (1428) from the conparing. 53

WO 2007/022118 PCT/US2006/031713

38.

39.

10

15

The method of claim 37, further comprising:

determining a mass flow rate (223) of the flow material from the frequency
response (1410); and

determining at least one of a first flow component mass and a second flow
component mass using the mass fraction (1419) and the mass flow rate
(223).

The method of claim 28, further comprising:

squaring the frequency response (1410) to generate a squared frequency
response;

inverting the squared frequency response to generate a substantially
instantaneous flow stream density;

comparing the substantially instantaneous flow stream density to at least one of a
predetermined gas density (1421) that is representative of a gas fraction
(1428) and a predetermined liquid density (1422) that is representative of
a liquid fraction (1427); and

determining one or more of a liquid fraction (1427) or a gas fraction ( 1428) from

the comparing.
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