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METER ELECTRONI CS AND METHODS FOR DETERM NI NG A LI QUI D
FLOW FRACTION I N A GAS FLOW MATERI AL Background of the
wo pwenvdeom 1. Field of the Invention The presePtT/US2006/009272

invention relates to neter el ectronics and net hods for

determining a liquid flowfractlon in
MEGTER BLECBRON BTN B R HIRENENGHA LIQUID

meers t LWQM@@@@WW%%@WW%& of

materials flow ng through a pipeline as disclosed in
U S. Patent No. 4,491,025 issued to J.E. Smth, et al.
Backgrdwamdief thellnvegtionand Re. 31,450 to J.E. Smith of
7 ewfa% 11, 1982. These fl ow neters have one or nore
- f HYeBOki f f erent confi gurations. Each conduit
c OV’EfHe%LE%'t cHBYn REatds %"ﬁﬁte@%lé&ﬁ%hfé@ aftd %?éth?’ds gk eRhining a
vi brat’i on nodes 1 ncluding, for exanple, sinple
liqubdefidwriggctionris iaggaa flow mdteaial ﬂnng)ﬂmdn@l arfidesmeten a
ty%i cal riol ifé mass fl ow nmeasurenent application, a
2. Sesuent ocbRiErghiet i on i s excited in one or nore
Vi t I
c oﬁé %I l{]‘l?)%a n"t%q.ﬁs% t(;%glo‘i’ls@{sﬁ é’logv(l)rﬁ"f ltéi’%"@t} ﬁq!%?mﬁgg Eﬂratsg Bow and other

infop@iatibs of pag@thlaflowthg theoudbndpiptlinel fedivelbsat mdﬂ.@l. PmdeNo.
of the material filled systens are defined i

44 Tommed fustrtoh o Trwry L]|b|é%85amﬁ R il 1R smith of
rebflidts |55 o B S Bl e BB Bl P

confi @raftlbﬁyv Eﬁé}?éondﬁﬁ%oﬁﬁ a'tléh magr EJ@BW@H%@%&%g&We@ bfhatural
| ow tube or flo bes and exits the fl ow neter

vibration nmq@e linatediognfoe cwﬁpl@nsmnée b@ndueg, tgrsm;lal,Aadxaﬂ g¢ coupled
pl.i a. force to the flow or.ce causes the

modRb Jh Euhiion e Ge mhREnO WS IR Biont PEP G g, SRR

con? QMfing i Qié?féﬂrifltoﬁé of H{dte FRIrStion AloledN zi‘hﬁtté%la‘l’ E‘l%w% through the
ow tube oscillate wth an 1dentical phase. As

condnait earidanotieng bfithetconfitiovs mbassughattvents Ispawedwﬂmg the conduit.

SR WOFPDAL AR S BA CoIE G e st e e BY the
con?oqgééi (ﬁjjfa?gt ﬁﬂ%}gl Iw {Jbgé’valﬁdjﬁfé m%tléﬁ PRARS A8 Wetu'bﬁé eﬁ%atenal flows

ags t rlver

intoothe o8y pigtdreffors Iad:@nhaﬁsﬁtspipbﬁn@l on ﬁ&ﬁnl@@ﬁ&m’fﬁh@ﬂew meter, The
pl aced at different points on the flow tube to

d
materinkis hetuslirestehtraushibp doshitieior dlovy TbRe A X NG IO EISter to
o igpff bl hlfeRlgpaan pointe. The phase

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 flow meter, 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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two sensor signals is proportional to the mass flow
rate of the material flow ng through the flow tube or

WO b@e/1046bES. | n one prior art approach either BCT/US2006/009272
Di screte FourierTransform (DFT) or a Fast Fourier
Transform (FFT) is used to_determ ne the

hase
Trangsforne (RRRE pone Fagdipurise Trmsiosm EiFgnas gse&rfﬁglebmg@ the phase

el T f d i b ' f
bl G058 BBy 6 0 whLE BHIRRHGd BRPRTSF R Beauoncy
respoicof the fREUDEIa8Senly aPPifedas bbtan tadenefsie pite.

reference signal is used to determ ne a pickoff signal

f r dgweapyior stenprachyanisdensndprl refasenasrsignad émtesed do dpfgrmine a
R, 1 B BRI B v
systt@xﬁxé% RhotRf ﬁriéﬁé}% Qgpl‘b%h, bke Gi%hﬂ:{dﬂa[‘Pé%p@ﬂseci?éht}&hbﬁgeﬁe@ated bya

t frequency iIn notch filter, wherein the prior
pickaif sehbavenst ter de¢neingd by centkiegta thet frequdncyfin ahetahofiltdr,

filter at the pickoff sensor. freguency. This [ a
wherginfih¢ Brer %%@W%{Prr at{ergpts fo keradhe am%s%féﬂ? fofdh flfer 8 he
P8PSR Hork Pl M i
confiitidgsiesieate itle flewahiteahlinshaflbemdtivievaiforthad wissethe resulting

~measurenment of the prior art suffers when the flow
pickesf signallfrequieney isuglatiyely stahle nHawever, thephse seeapyigipent of the

. Wh h | ial . ' . '
prief Sy b e L ARER ety 2 & B TRARE Rws
whérb ehePfldRm@etialtRneriSed 8 ¢aé FloGUaRRYIaC@AL fcliclel @h®ained liquid. In

rapidly. During conditions of fast and |arge frequency
such siuwegions,aoths prior aitslefayminegl fsequsncy pen Preuaterrapidin aPyring

conftéSs 3415 AR EytBu EBREREL Tt GO I GEl S8 it
mow, &Pchi%_g‘tlilé‘ﬁﬁ&%a)hg{vﬁbﬂh; SiRliNg H%%Fﬂﬂaaswﬁaﬁa €rebiiéndyl ow

ter is repeatedly opérated in alternating enpty and
medsutdmeans dThisai. is Alpsoblenf intemeptfeljtesmy befching: véersihe flow

R e
R IO Aol RIS ot bl o

up Wwith i St glasr mgasiredcequehey, chbsing sebdaiation lay a ercomeck
val ues of density, volume flowrate, etc., wil]| also

frequeney)cBisheeld bemmderriead ihat i€ thasetenyined fieghengyis ingogyect or

. b d i | i ' .
ina S APy A Para LSy R S SRluet o Mol I6hld Bbb Gate, efo,, will also
be iBBH &S bl Ghddcartl. ANTbreiat tthe kitorBdt Bait@hpeurndedadn delsetigent flow

i npl ement the notch filter. The notch filter accepts
chatackeriséic datarmmdsong. of frequencies. Therefore, when the

| b TSR SRy AT e Bt i
ordbs {S8mplRbHaht Notchted] Thé AbtdRGiIEdh abbdpt€bnly a narrow band of
frequencies. Therefore, when the target frequency is changing, the notch filter may not
be able to track the target signal for a period of time. Typically, the digital notch filter
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

encompasses a time span that exceeds the time span during which the error and/or
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I mpl ementation takes 1-2 seconds to track to the
fluctuating target signal. Due to the tinme required by
w0 b@eppodeor art to determ ne the frequency, thePCBEESL006/009272

is not only that the frequency and phase
determ nati ons contain errors, but also that the error

two-phase flaswasivalby eesHs a ddissis duptorhesislative slawnsss ebrespemse of a
[ i-ng whi ch the error and/ortwo-phase fl ow
nom}téﬁ%%ﬁﬁ@gg%%alru%mi s is due to the relative sl owness

of ThesRansethaf te prvret flowieter icapiatreairatdpruidig, or
_result is that the prior art flowreter cannot
satisgactqrilntiack or delfesring 2 pickefi senrson Seguenoy durgigiwerphase flow of the
det er.m.n i ckoff sensor fre ' WO P
row G A B BARL SRR TIPYs PR PSR cow
and 626SROHE Hslthe ptibeard Aas festBé Philenife@nce Bsink keywW&ernsnew
~and ‘error prone, as the prior art derives the phase
pickdfffffeguencye Tisdretpre, ey detos imthedeqyicorkn figtefmingtion é3compounded
. . Therefore, .any error in the frequency. determ nati LS ..
i the R ARG ot o B RSl G EFA L T Ui Genu i fkgirination
and /¥he gﬁééfedde%&rﬁﬁaﬂidh, 18R1{g ®AHEREGIAASEG i dRRL ISRk tnss flow
the phase determnation,” leading to increased error in
rate.dbt addifion, hgcause thadatefrhined fizjeendyrvaduakdistiised to etcamige a density
tZ‘E“é’{det erm ned, frequency val ue iﬁ' used to deq(ierm' ne a
valug édaistty s, apniexigedslyieayalitg onp avexTRaeacy surrar). #8 egen the
. : ) ' : . .
oS SRR UGy BROAR T RendSERE R, T
is al§tetres formaddt@mindiidrsof wolams dlaw tige, fvdlicra titket dlumierfidw edte is equal
of volunme flow rate, where the volume flowrate is
to magfiBew retedieided bpderdtye di vi ded by density. One

co O iBbliCHtielor™ YoMt ey R ae B oy jyin,
meafi@sng 4 ANsSBbRThRY of 2uds)RIvE Blat@Rp] IACBhidaNapstidakien is the

measur enent of gas production froma well, such as
meangemeat ofyges productiondnphe. welbwadle ps nathesl gas for examaplae However,

the ¢ Hsng ot bRtcalS aoRhph ovtad S ERRLE hig pBReimp G L Srmounss

i Hs S K 1S 8 ghatlofARateBBf @n"contai
of1r§ﬁ\%ﬂ%shiuecﬂga§ vgafatgf, g%rdé){ai?fgﬂ? deé‘%@ﬁrg’ﬁth %gar ? i cl gs. Thins oama

mixtunoepgasmdfliquid oakesidpracticles. | Binis treaghasaBotw dakdsiproduction
In addition, in natural gas productjon, the gas y be
meapyeae! @Iﬁf?@}}b Hinee<Bisinn, 4t Brtordlas B CBP%EP giomay Chapssed
throft s Btherh LGl i 416 L DR P e fer from the
gas fowanabrislndlowyvargthid dryirt frecesicag resulltriaisorw dfihé teying liquid
gas flow material. This is termed liquid flow .
becamingtenainedsie the grstiiaw guserialowhisds dermmed ligvdd deusiragion,
id or

Li.g i quid.partieles. r to of .. agrt
o AL BT Bl o
a gaP fleRl MAREibLthat includes liquid flow fraction is problematic.

A prior art approach to measuring a gas flow including a liquid flow fraction is to
measure an average density. The prior art can determine when the density has deviated
from an essentially pure gas flow and disregard density information when a detectable
amount of liquid is entrained in the gas flow. Alternatively, the prior art can correlate
the average flow density to known values in order to obtain an average gas flow fraction

amount.
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A prior art approach to neasuring a gas flow incl uding
aliquid flowfraction is to neasure an aver age

wWa@lewsilo4690 The prior art can detern ne when t hePdENSi00§009272
has deviated froman essentially pure gas flow and
di sregard density information when a detectabl e anmount
of Hpyevet, this prief Af peRroreh hasedrgwbagkso T hervieragegas vedsy flow rate

is b gl Recp Rt LTS ShEeS Bl A wPN R Gnap o Bt o fracion
is fidcfetingn armount . However, this prior art approach has

dr awbacks. The average gas nmass flow rate i s not
Suininggryyofdbe Sohtteon n many settings, such as where the

e

V i ot et i ik ~
O B R et A A Thoth S S KPR E 18 flow
fractstmeinra grsrftpvamaieyizl doftiogtifroagt & dlow metergas fl ow

material flow ng through,a f|]ow nmeter. Meter )
el ekkﬁ%mlwm&s%%ﬂﬁ?mi%a qmﬂgfﬂva fractoR 11y 21885 Bewmaterial

o R A S SRR 3 L RYOTRURGi veoion

Thel heterel @itroalos ChrPhisesarc in@ficeesr piteivivies fiag@ehdi signal and a
receiving a first sensor signal and a second sensor
secgng) pepsor pignel fremithefloyraneter apdia Rronestng sysigmdy soryRycation

. nicati with the jnterface. Th ocessin
wilf SRR, e tsbrtabing sV Bl JaRoad s P LRERRIbE iy gt socond
senSE§iPal$ HARAIhS ihfertd, MRtdrMieS 4 AR tan®iall @ imdtfifafeous flow stream
substantially instantaneous fl ow stream density of the

dengity of tlengaselay imslteried umiggtthe fifst sensos gignel argl aabcendbensor

. the second sensor .sjignal, conpare the substagntia
sight|spOIRPA S R AOHALY RN EEAGS Fo Sreaiil PRy 1o Ablot oge of e
plreeéltgfjr2 120%a 0 Q6 SFFhAEE S r¥s&%ﬁe£a{}%@rﬁ@?ﬁaﬁdﬁ’§f @ o8s flow

owTraction of the gas terial and a
materiat etda predetbrinimpdi lipudé dendity thhiak reresespatoearitadiquié ot
a liquid flow fraction, and determne the ljquid flow
fracft}%@%getﬁ%mett %ﬁaw.ﬁiﬁm SSRUONEOE theIOBIRBRPRS 1 or
det | N SRP10)! ; i ' - -
et SR S 4 PO et L ¥tow materia
flowipotheiup 4 HowinesibRProwded atcordiggito g Ridbodimditefried Rivention.

el ectronics conprises an interface for receiving a
The metar elesiopics spgpaisenyderdaedntressiving 2 Sirs)senscr sigpal and a

he flow. efr a r i stem. i . .
sechif suieEL sErp e ARl PRELRHLEoToha plhugp ggmmonication
withYed RiRriffceC AHeiBoER6ink @yEteaEk ¢onfif@ell té SdcePR0hs Eeandd second

sensor signals fromthe interface, generate a 90

sengergtigalp frageths interface, genete 90 degrse pbage shift from the first sensor

signal, compute a frequency response using the 90 degree phase shift and the first sensor

signal, determine a flow stream density of the gas flow material using the frequency
response, and determine the liquid flow fraction from the flow stream density.

A method for determining a liquid flow fraction in a gas flow material flowing
through a flow meter is provided according to an embodiment of the invention. The
method comprises receiving a first sensor signal and a second sensor signal from the
flow meter, determining a substantially instantaneous flow stream density of the gas

flow material using the first sensor signal and the second sensor signal, comparing the

4
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signal, conpute a frequency response using the 90

degree phase shift and the first sensor signal,
waledoenodeme a fl ow stream density of the gas flPeI/US2006/009272

mat eri al using the frequency response, and deternmn ne

t tion fromthe flow stream density.

he, i quid flow fyac . 1y
subshiallH R SRS IR, TR SO I Gt Sk A B e gas
. - L.Qwi ] | i.

den sl S STE e Jr e Moyt RGNS ok oY HOR) Hhickfl and.»
predéteemimdidoghid demwiiysthst is eepresantagive dfiarliquid dosofractiognahd

and a second_sensor signhal fromthe flow neter,
detegaingpgrihei liyid flewnsackion TEomyhe semp#itiieous 1 ow stream

densj f gas.: ter ] ' ir . .

soncpthefifot fefififind ENOIAN Raci5h B KEF by Gikierpl owing
throtigtes fllost adter & paovidedtaecsrditgOiesant dravoditneapoT e MgvenyiohO The

at | east one of a predetermned gas density that is
methadpasspriges feaeiving adirgisnsorsigial a8d popcaid seheorgagnal ffiom the

rial and a det er,m ned. ] L qui sity that.is .
o Bt EL o Eneliited B S BER St e Y b g1t cBmputing o
freq@ic§rEgunegusing thd 9 HELrbé PHadersAGk hAd tHe! @@ §dd8or signal,
conparing. A nmethod for determning a liquid flow
detefmingng oflownstreaynderfsitywf tieet gasi o w hadevial gising the drequerddyow

eyl e TGP B TSR vt i

Aspe&RoPinSIdNAliodnd a second sensor signal fromthe flow
neter, generating a 90 degree phase shift fromthe

f i ls bne aspeor ofsthg madter elestputidsn thesprbregingreyytenesfortber
sing the 90 degree phase shift and the first sensor
Confgg%jﬁgfq deferaingithg &y fio"f’lﬁé‘\ﬁl“%@-r eam density of the gas
fl ' i CY, .l , :
R A S
configurediio gaiesatt i.90AReed shaeé shifiefrdr\tBe firRehdor ipRaRShERULe a

of the nmeter electronics, the processing systemis
freqpencyHesponsn Psiga teri9 Begree phafersdift prd Hresist ssnser dgndlomd

I n. anpt her . aspect._ of .t he er el ectronics, the
detep iR PG ETRAS inReppaiReR B o B B gt B8 Srseney
respSikedegr ee phase shift fromthe first sensor signal,
conpute a frequency response using the 90 degree phase
shif yetzmatheh @spdct of theaneior elsctyerits, theprodessangystent frefurther

con 5 OB e 0BRSS Ry
e B AR LT B Sl epene

genesafadhne flgwtdieafir depeacy response to generate a squared

frequency response _and inverting the squared freguenc
r egrggﬁsa@%f}@r as?pect of the meter electronglcs, the pr%cess?ng syste%1 18 fu¥ther

o

configured to generate a 90 degree phase shift from the first sensor signal, compute a
frequency response using the 90 degree phase shift and the first sensor signal, square the
frequency response to generate a squared frequency response, and invert the squared
frequency response to generate the substantially instantaneous flow stream density of
the gas flow material.

In yet another aspect of the meter electronics, the processing system is further

configured to compare the liquid flow fraction to a predetermined liquid fraction
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generate the flow streamdensity. In yet another

aspect of the neter electronics, the processing system
WO g00b046ber configured to generate a 90 degr eeP@EITEHSM®06/009272

shift fromthe first sensor signal, conpute a

threghodd v 531 28RS SSrnen T they AP TR e ENGrOF Bsponae
prec{eﬁeé-gﬁﬁ‘e%’1?%5(1%&%&8@{}&%}{0@quency response, and invert

squa requency response to generate the

s ulis yadriotthdriaspdis b Hcameteu sletiromics tthe procdesisg kysterh i¢ Aather
gas flow material. In yet another aspect of the neter
configwred toAetegminerelley sieamidegsity et Wmeps oy material from the first

£ b Do .
oSy ) e S
one Jf apfededdttiihéPBas denkite that GHiieBrdsbative 3£4 canfiewceasidn of the gas

the predetermned liquid fraction threshold. In yet

flovamotdrial and peeedetdrmings heuid densiscthebisirepresqiiative of a liquid flow
rocessjng systemis.further. confiqgured to.determ ne a

frecip o AR G 1o hoicE B E0PRaIo% om t he

fimg getsﬁ{b?ﬁ’é'r ﬁ%%&ﬂ%lf el Ble2R6RRE, tAERSRIpafihg Adkher comprises

conpare the flow streamdensity to at | east one of a
confpaeitg tiey subsaatighy inbtarsartepus fatv steanegersigno atdrive gain znd to at
) gasflowfracti,on of the s flow materi al
€as

and .
pReiet & pradgteamines §ad dgerisl gt ISHEPresentpiLYs Sfopsifoy dragtion of
e e e
flow hacti®@t.er el ectronics, the conparing further conprises

conparing the substantially_instantaneous fl ow st r,eagw
dedsiveyanasher aspectef §ag metes §lachonics) g detepminipg the liquid flow

redeterm ned. densi. t iy [
S e i R
denPitesied gaAveedin. i quid density that is representative of
aliquid flow fraction. In yet another aspect of the

netlerycthmatheroaspee, of tthemyear stasinonitg, tedlaw geter copmppises a
f.rlac ion further conprises determning the liquid flow
CorfIs W Me ¥ om t he 1 ow stream density and a drive

gaim yel SnMBlr APLUTIThERRES (elRrohtg, IMBIRIW Ble@G doaPriss a
the flow nmeter conprises a Coriolis flow neter. I'n yet

vibatiap ldensitsypetet. of the neter el ectronics, the flow
nmeter conprises a vibratin epsitoneter.. In.qne . .
aspBEneFFPE of Fhsrmeiod, A CRBIPTIEET i PIuging the gas
flof BEHGA NI NG the gas

In another aspect of the method, the method further comprises generating a 90

F—d

degree phase shift from the first sensor signal, computing a frequency response using
the 90 degree phase shift and the first sensor signal, and determining the substantially
instantaneous flow stream density from the frequency response.

In yet another aspect of the method, the method further comprises squaring the
frequency response to generate a squared frequency response and inverting the squared
frequency response to generate the substantially instantaneous flow stream density.

In yet another aspect of the method, the method further comprises comparing the
liquid flow fraction to a predetermined liquid fraction threshold and setting an alarm

condition if the liquid flow fraction exceeds the predetermined liquid fraction threshold.

6
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flow fraction. In another aspect of the nmethod, the
met hod further conprises generating a 90 degree phase

W@ biobtiofep@m t he first sensor signal, conputi ngP@r/us2006/009272
frequency response using the 90 degree phase shift and

S UB S mPERT gneRs DEe arebo he BeicRpIrasediitd forigpion
ﬁiﬂ}}%tcﬂ%@%g ?P{npeatrrﬁ%‘gﬁﬁg Fow é’cﬂaa}‘f&erﬁ 8%‘ &t leﬁﬁ%%to rE@é?ermined

urther conp es squaring t

gas ddrRAYENEYs fepbddentive of geae ﬂaWefr@:tmuﬁfnba ghy ﬂqweﬂatynal and a
response and inverting the squared frequency response

predeteriginedrliguad densityfbatia mnrmmyativmf artaid dow fragdign and

detefRprag PR eSS CofBR g e 1t qui o 11 ow
fr agibomotifer asicPaeiRItheE, the G@teﬁrﬁrﬁﬂ% theOl[qdl@ !ﬂ%&hﬁh&uon

and setting an alarmcondition if i qui d

furttfer zotripoisesedatemisingthe piqetteflew fiastidn fiogy the ﬁ@\a@trﬁ@m density and
threshol d. I n yet another aspect of the nethod, the

a driy&1€8fthyi ni ng the liquid flow fraction further conprises

Cofp gé’ﬂ Do gsﬁécﬂ‘i‘f 8l Rambdans 'cBMlpEﬁngTuﬂtlfe@%bnﬂ.ﬁ‘ﬁesoéorﬁparmg

predéfermned gas density that Is representative of
the gﬁstahtlﬁ)n\y fnsentineouoflotistregasddnkiyvtoratieve ghinoad ta at least one of

predeterm ned liquid density that _is r entative
a pr@dqtmun@ﬂ EAgns A that B TORFRICHBHES Y A gAYy fibw ﬁqqﬁaa.%ﬁ thg %% flow

A AR SAFRALLS iy RO 2B, S

frackiom.t her conpri ses determ ni ng the liquid flow fracti on
fromthe flow streamdensity and a drive gain. In yet
Desanptiherof&ls@BtangSt he net hod, the conmparing further

OS8R P LSRR LA ol B A G s
0”?*‘19f 1 @llﬁ&iﬁ@e@tﬁ@&lﬁeﬁﬂgﬂﬁn&éﬁﬁﬂ afrﬁ/e)iahﬁﬂe bSthe invention;

representative of a gas flow fraction of the gas f1 ow
rratFéﬁ alshaws netqpredettonics aceordingio ah etabediment phheiigvention.

f
of Hitle 30 AvilFgEierh 8° B BP0 TERCE TR o SinsP b bbbt € Howmeter
acc&églfﬁ g 10,81 e?x{; SBREACSY 8 invdhabhngs. FIG 1 illustrates a

ow nmeter in an exanple of the invention;
FI GIG2 4shows theeteter eleetrbnion acsordingdo diregntiodiment of the invention.

o H0n 30 B1OprbBR S Ao ROL SR FHRESH R Bt S SF e Gy ignals in

a NAGHRLH A% liRe28 of TRAUATREL Find Bfehfi¥ent | on.

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.

FIGS. 8 and 9 are block diagrams of two independent branches of the analysis
block according to an embodiment of the invention.

FIG. 10 is a power spectrum density plot of a pick-off sensor signal of a flow
meter under normal conditions.

FIG. 11 shows a Hilbert transform block according to the single phase shift

embodiment.
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FIG 4 shows the neter electronics according to an

enbodi nent of the invention. FIG 5 is a flowhart of
wa@20vetiimso of processing first and second sensoPCHUVA6/609272

in a floweter according to an enbodi nent of the

in tion, FI 6 js.a.block diagram,of .portion of

t nET6r b2 ek niespabain eto R iy B et g e pe.

t heyin IOn. : Lo : :

tr S 43 B3 S sEhss gRORsI RN 18YerkiSh 8 Ridared to the prior
art, ivessiit b Gifne Eiffefencs (At)drafueasfedoh dcbortipagd.ans of two

i ndependent branches of the analysis block accordin

t o FAH- bhBleiviiiermerer elketroniceagaosHng o another ¢msbedipenkef the
inv%%gﬁtrum density plot of a pick-off sensor signal of a

OW neter under normal conditions. FIG 11 shows a

HUlRGt 15 98 SloQicham lof 6 nétte@ el di@erhiininiden Bawig!fRwWhasEon in a gas
shift enbodi nent.FIG 12 shows the anal ysis bl ock for

flowt heatstialylflovwihastbraighf & BavodictenaccardiBg 8 ashembodimeent of the
. __sensor processing of the invention as conpared to the
mveﬁ’?ﬁoar art, wherein a tine difference (Dt) val ue of

eaghG 365 £ Elrurdfoshaus e 08 0. Tiaui
accor di nggggﬁpgﬁgtohgr eﬁ%o%i ngér%'{ﬁltgp%{ghﬁ; @%ﬁ/erﬁ%i{%%l%glc%e’hquld

flowlfactsorg. f | omchart of a method for deternmining a liquid
fl fractign in a gas flow material.flow n hr qugh a.
_f| ?\fﬁmﬁ &% ag]@(\gv(yﬂaqt '?_g asrget ﬂg\/ é’ CLRIRINEH hglﬁa f{ow (’r)ra tion in a gas
: S.a r a j
flov} MHERHAC MowihE thiugh® 2 SABHA R plodtefdl 1 o SniBATIGH of the
invenltion. 17 is a flowhart of a method for determ ning a

liquid flow fraction in a gas flow material flow ng
Detated Dygcriptionaf the ventieBr di ng t o an enbodi nent of the

Ilnﬁ&g,] gplph%r)l%}tgia :fﬁpovaﬁﬁgirgg&&ﬂtpo .cg:f icg gge éﬁé’( g%ﬂa s ('t:A %%Ch those

OW ngedescripti | spec

skilR¥an et howto3hdketMAsRe Sie béseehdde dfffiee Biventiew Fér thidlparpose
and use the best node of the invention. For the

of tgpehingsiaveritivequutvimes, ispinereonventismiahaipscisdiave baen simplified or
omitted.” %ﬂgéeos (?1'1(363 it tafci V\rz]i Va%plbeec?a e Sviarqgtli(i)r{si f?gm%ese examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

FIG. 1 shows a Coriolis flow meter 5 comprising a meter assembly 10 and meter
electronics 20. Meter assembly 10 responds to mass flow rate and density of a process
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 flow meter 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
capability provided by a Coriolis mass flow meter.

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
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omtted. Those skilled in the art will appreciate
variations fromthese exanples that fall within the

W@ e@paowsho t he i nvention. Those skilled in the BCT/USL006/009272
appreci ate that the features descri bed bel ow can be

conbined in various ways to formmnultjple vari a ns
meomnlsméSOnvmﬂer AHLe SRBSQY 1r9Qs%FFC{ a P{ﬂﬁé’f"ﬁl\?éﬂi/ SERFOrS Hﬁt and 170R.

b
Flow H@ﬁs 30 Pﬂ%ﬁgﬁg}aﬁg%é ggste e wlsetg’% Jt'l%%dlékign@’hl #d outlet
legs 236ahd B4 'SwhichWoRiRiree t&maﬁwdmmar & TR arbeaﬁammgybmacs 120
and neter electronics 20. Meter assenbl 10 res

and 121) mibeyw tutes 138taad 440" kradsit tyo @Vmalq@ri@ﬁi eentions @ |the1r length

Met t 20 t t
o Y S RS Bl SOIERLY idelBR PR T et o
deﬁﬂeeﬂﬁe%&ﬁthﬁldW GhSRLIIAEN BXE flPRitbuciligedrel | as ot her
Informati on not relevant to the pr esent invention.

CofThekids 1egsold IydB éransit 13de 1 3¢ efiflovdibbes ﬂb‘é ancll Bﬁ'@mg ﬁxmﬂly
IS appare to thos Skl|| d i at th
attachpd JoRov Hos Frausing Siearsn e grdeDbau s bliries &t gy are fixedly
attadhidl ‘?% ﬂ*raﬂ?fof&%rﬁ%toedél oo ég) Qsdé Eblﬁﬁﬂﬂou%ﬁééﬁ fi¥RMal path
capabi provi by a r|o I's mass flow neter.
throgi elbr1ali§ﬁte‘t&r)as§e@nblyd|0udes a pair of manifolds 150 and

150", flanges 103 and 103" hayi ng fl ange necks 110 and
11@Vhenaﬂmeﬁ 193 apd 8P} Baving S@lcs |DRemd 39258 conprcied, via inlet

o S RTREORH AT SRS S 410 ARt
matdr thdt 3y BeihpRn@seea] inateril Sﬁtéﬁl e@ldt 1 04rdfahe hegs tﬂﬁﬁlgﬁ rad orifice

131" and outlet legs 134 and 134" which caonverg
101 i flangis1 Ghisicondneied thropglomenifpld Fadltetfiaw nﬂ}edekgntlrg)block 120

B 870 151 Yt 290 RSP R ight g e e

ﬂovﬁﬁ%@ﬂ?@bﬁd’ lf’@‘r ol ex‘it'iﬁ'goﬂ&k}%est 139 dndl B0Ytihe pﬁ’c@@é&na‘cerlal is
bars 140 and 140" serve to define the axis Wand

recoafiimi¢d inhd mhgbasmieam withinubanifaé il bPaaness thirealtar aieutleégs exit end

131, 13 134" of flow 130 and. 130', are
104750gaetisd by HHBRB A0 SF A BRISTHUAES s WPGERAnE Jgo Lo

12 l1agk §

o PR30 198 AT shRcle e PR IR IRE fow tbe
mougiting &logkatl@liaall 128t do dsdtodagh s@mtamlally thesame Hmsedistr;butlon,

10. Wen flanges 103 and 103', having hol LY% Q@d :
momgys ohineriionifey PERE s ploguiusiespU ikt dV sl pad Vend

n | W
respifiobte T ReR R E e o nislEh SRS 11D Sl FAY T KRSl as the
Yo&?‘s@ﬁ@dtﬂﬁﬂoﬂﬁ% fRfw tdbes Rdreie Wit eungheratire) ahd ilge cﬁﬁﬂgel affects the
ange 103 is conducted through manifold 150 to flo

calcuuben wEdlow anyl denstik, reativiatamperafuEdatecer GYED) WA i rﬁounted to

ﬂOV\fnﬁlEB l}ghd tol ggnt}nrﬁ%us ytrgéas%rle tlh edrhp\;/e'rg%ge APfe PN Bifbe. 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
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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flow tubes 130 and 130'. Upon exiting flow tubes 130
and 130', the process material is reconbined in a
wa@Rmwghetesd ream wi t hin mani fold 150 and i s therRef/U82006/009272

routed to exit end 104" connected by flange 103’

havi ng bolt holes 102' to the process Line (not . .

ShBam o resdB@sd 30’ siRdren By re coapb it apesiig directions

R ) i | g tRLQRKDE-

sbouf YRR Gk boRUBLRE: Iould B sh it (as TR G FRLcRRlS

phas@ibshdihBuiddernf the ient mewt. Thirdrive raechaisun y8G nmydwingsise any
about bendi ng axes WWand WW respecti veIC%/l. heseb .
one gfamany e kas WHATTANEETGAISHFUCAAS SN ATl onQigpdi@dflow tube 130" and

| nasnuch, as_the . Young . :
an opERESql TRt 8F s PEBe TR Bheh Ahich BfpetfEmg qurront s
passe@k&wi@ta'tiﬁ%b@ﬂq fibwwuserd Aemsdbly drivesicasliiv appléstpey aietsre

detector (RTD) 190 is nounted to flow tube 130", to
electramits 2Yous lopdidss tr drivemmeckanien dBOre of the fl ow tube.

ap e sl et Rty P RatE ST B b e dpRgH the

' i Aede BY 18438 16STRAAAGERErdpedthely. Meter
leﬁmgftgemgggg?%mughgthe 19 16STRATAGIRE rbettiely

electrenpe@produceethenttortsigmll epperagpedead §8atr ddve elhmerrt$0 and
. is used in a well known method by neter,e tronigs 20.
vibraig t6bsiylahmae Dor MEIRE SRERBES oA EEpEprcb L mETR velocity
. fd ! i . il
e OB TPATE 470 A e 1 B EASRIER bbb et
pass@ieGiuhi hste? Bssbynblead. Tk iBfdrmatiboyalonyesthi@Berantbrmation, is
130" are driven by driver 180 in_opposite djrections

applagsidast metes ielectreniss 20iaver pathdiong visigation a”wanwé nd at

what i s terned. t first - e i f. _
DG Jal AT DR e P B g R vencon
The #e0d Ectfini SBIY cEinklide owinRifaon geTrend & predessingsystem 203. The

magnet nounted to flow tube 130' and an opposing coil
metemaledteanhits® § teosives Best 180 searadtsanesy gHenaks Epmdhe meter assembly

10, ?\{9&}% r;])? éoggy«%:lg{ﬁi Q%)Isb(slgg%ﬁgﬁ ipg ?riet%:oeg%cﬁléda{f yﬂpn%%?aecgrﬂe&)éﬁ’e asa
mas§ oW ﬁl@féir oF ca? ;o%éfbt% ds80dbnifiomelep, ifEludR gBeR@RgSA® al@6riolis flow

ter electronics 20 receives the RTID tenperature
mets&i. g moter bleattodi@s 20 pnokestis thefitst and se¢agidtsensargegnals in order to
n

I j d d
obtareSpatniry Fn e oe Frtea n Sh s b s mesgarssbly 10,

i i . i | .
o, TR DO Tt 3ot
afr u%ﬁ@ﬁ%&ﬁlné beffdrefide @AYl ardepbity,\vahassi flgw satgnaldsa eeltntehfow rate

si gna

~to conpute the mass flow rate and the.
frora dhessengorggignale femexample. Ba%@dlﬂgmﬁﬁh@f@w ﬁgﬁféPtegéQWG
10. This info ti.on, .alo ' [ ’ ' '
R
ut iTHezabOBi fiRae *%rmination 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
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

difference is derived from phase shifts of both sensor signals, while the frequency is
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FIG 2 shows neter electronics 20 according to an

enbodi nent of the invention. The neter electronics 20
w@amweitsbude an interface 201 and a processi ngPGYESENG/009272

203. The neter electronics 20 receives first and

.second sensor Si Is fromthe neter assenbly 1 such
derived froraIenty Wepla?@g §§ ficsigad)r Tdigimsreasesithe apgiragy of both flow

charfBSLIT R o620, ABRFARRAAuch ABRS LGN HPLES: B can

e as a densi er, |nc oper ati
COTh@ btiér fitt Gagn@iosT detéEhﬁnifﬁirﬁhe@bd@ tﬁ@éﬁll@&aﬁ@l -2 seconds to
processes the first and second sensor signals in order
perferagn. olsx egnirast, 819 feeaicaey éeﬁemun@gonacwén@ tewhaviaventien can be

verfid B AU bl BTEsS (R e e e B Whnfiggion i

cont@;g?ﬁ@éﬁe dgbéﬁd@r@mme topé Eﬁ(ﬂl BEREratfort biMBe Prdde8siARG stem the
ensity, a nmass flow rate, and a vol une f

samplatggrater offthe Nibraeensnd rewpgm ftlae ﬁﬁmmmsat}pkbmmaﬁon rates etc At

e SR B SR Bl RS

1nvelqﬂ1§i9é‘c§§l%ja%|t QWi (%efaﬁglaﬁﬁn%é g6efee determnation

and the frequency determ nation are nuch faster and
noT ke atenfacet 2 lawrdeived thalsersdr Bemab from elet efithe walocn sensors
t he I[1J|r| or.art. In aone ea‘godl hase difference

170180 DR Ai4 B ledd 10RO ey b B0 et et DaeAT R BTEn any
L g
or any frequency re

ampﬁﬁ@main buffesngdvanAageatistly, ﬁ(ﬁﬂ&l eesll bhthepi@og &andlgonmg can be
time required in order to conpute the flow
perf@mﬂdaattb@pmcpwg systeamadPher enbodi ment, the phase

e v m se_shi fts of
o B RS b A PR S bR B ek Py B 3 rer
electl?&ﬁ§§2§ Bhd ExtShD abvwérdﬂ "Bhd ﬁ%r%%@@ltdaﬁ bRGEPAIE B 91f1y manner of
h fl ow characteristics, and both can be determned

elecmmmh, Cﬁr&wblormhmheasmonheurpcatmn art. The prior art
cy. d r.m nat met hads typica take 1- .
Bl Gdst i o Ocdm%agfouﬁﬁﬁé i gigfidpr 202, wherein the
sensgxe§1 A1 BRI R8s Q&?x‘?{ltg% BhsbP s ! %itf%@r S@0) s%%ﬁples and digitizes

per orne In as as b onds
the ahakigesenforesigrabayd petdaces mﬁg@hsamommgmainﬁlhatchgh,tlzer 202 can also

perf%?xg%gsgégq%gg%é{x]%ﬁo%g }%@gnd on%iégqﬂ;%tééq%%g%ls cfecimated in order
to relth @k nt kfﬁgﬁﬁ%ggcésgﬁgfdelea@d artl el'%du&ehtﬁe ??&degﬁfl% Bthe.

rates, etc. re uency etermnation ra

The Hbdmzeba willlbecliscassedsin2Roalearitbgigwt 0 t he i nventi on
can be about 40 tines faster than the grl or art.
ni BP PERCESSIRR sYsExB 203 sonducts eparations efriae mqt@ml@m@néﬁs 20 and

proc%%:?iém%eé%ﬁ IEERT BPrh 8 B el et B S R pystem
203 &fecdfione Gr shdtd phocedifll kbiRiHes dnd TeFbbPSr08Esc BRI RS w Of

formatting,
measurements in order to produce one or more flow characteristics.

The processing system 203 can comprise a general purpose computer, a
microprocessing system, a logic circuit, or some other general purpose or customized
processing device. The processing system 203 can be distributed among multiple
processing devices. The processing system 203 can include any manner of integral or

independent electronic storage medium, such as the storage system 204.
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anplification, buffering, etc. Alternatively, sone or

all of the signal conditioning can be perforned in the
w@e@eresdng system 203. I n addition, the interP@esSD0d009272

can enabl e communi cati ons between the neter

el ectronics, 20 and ternal devices. The interface 201 .

caﬁ%ﬁé’r%‘éﬁ%géyw RIRFTEPs BF sensog sienal 10 @pqraeraﬁo, etermine

onc G RS SRR e T iR DRSS 300, By R o
charbbieristidisean iatlgdak phasypdiffeasicarm Asqladgy setiserdifegned (At), a

The di ?i tizer 202 sanples and digitizes the anal og
masg 8R¥ioiate; apAar asleasipr a teelow matgiel forsxagwle.si gnal .

Th | gitizer tfo an eded.

outs Shb S EP B ) PR DB So L BB nes e o
chardetetishdseflomnTh@ tWle berisor sigdale @ 10had 21 wAl t8d sifiB8hsor signal

pr ocezz!3 E&bneeded and to reduce the processing tine.

phaspshify E procgissing Bestern203 sep dletenman & least Hid plsee difiference
he. processi ng,.,system 203.cond S ratjons,of the .

ond (R BPOGRES g sovai roreobbind TH A B8 side hise shif

213 mam ﬂeblﬁt,féit%f & lor @é&ﬁ@’qihﬁséléhiftg@ SerlRbfP ﬁgﬁﬁ' (@Qcm{ss&?é%f the

203 executes one or nore processing routines and
upstrdaen ebgownsumes prkoffsigiats)car bs pranveseddyi the protessing system 203
roduyce, one or npre flow characteristi.cs. The )
acods{iBEde dp VYRR SIS OAFIITRS P obask ERisnP. piipqsaey  time
diffé%@ﬁ%’(:zﬁf, ’anﬁ/ IaGhORMREERRL B BY FoS MhafdriaPgi € Circuit,
or sonhe’’ot her general purpose or custom zed processing
dedheatordfesypian 264 icay stoysflew 1hédr pananteerslhsd datapdoFtvare

anong rul tiple processing devices. Theﬂg.r ocessi ng
routiipsy RSO BYaHes, iane vadebla Ypluean He pnoembadimpns| the storage system

i. ] ' rage [ he
204 SRR AR 01 0 DS IRAL B0 s
embbiEn&R N strh e @}stedd 004 Btodésiephdse sHEE RFufihB o1 Q,naﬁf)l@a[se difference
nore flow characteristics fromthe sensor signal 210.

routifigel ona fipquemayeroutiog thaa time differenes(Agaroutimel2ldeand a flow
ase.differe , a frequency, atine difference (Dt),
chaf OGRSy AFE:

and/or a density for the flow

Mate bh@bmbb@mdt 2P kRraddsykiien S0P adHEBALaBRIWRed tdGerate a
processi ng system 203 detérm nes the flow

flowrheien sodr asthe Corfalisflavhmetond. sSEressiorage gystbm 2040namd 2

11. and the single sensor, signal phase _shift 213. Th
bRt s Cybles Soh seHs el Srwbhaew 210med o scpngsensor
signfl 1115 @RGPyl HOREE Rl ARt TH0R g L7OR. Tn

addifisn athe etorhde syatenn 204 aarf stosd a 00 dsgeoptagihss 23 Bithidtédgenerated
. sensor signal (such_as one of the upstream or
in oygdlgipsdstemanp thkBeY chagsiarisiictan be processed by the

Pr 8¢ &ne Eﬁgoai)ﬁ?én?,%g Qt%rage 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,
a time difference (At) 222, a mass flow rate 223, a density 224, and a volume flow rate
225, all determined from the sensor signal 210.

The phase shift routine 212 performs a 90 degree phase shift on an input signal,
i.e., on the sensor signal 210. The phase shift routine 212 in one embodiment

implements a Hilbert transform (discussed below).
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according to the invention in order to determne a

phase difference, a frequency, a tine difference (Dt),
w@nabno4690 mass flow rate for the flow materi al PCT82006/009272

storage system 204 can store flow neter paraneters and

data, software routines, constant val ues, and variable
valeh@&haﬁqqdléﬁéeweaﬁ%%ﬁ Jeteangeo phyesedlifferenropaing the single

. ti ' . )

o0 dREHFS A AL BRSO Do SRR ACHRR Bprwce

the pliage différepbaSEhsphdst differbndieindhe entbddass: idicbfipuedcom the
routine 215, a frequency routine 216, a tine

firstigengas signeb2 ¢ Grthe senondsenser gignahdl l apd dhe 90 degree phase shift 213.

S AR 7 e PO RO
systEinDUAL T EHe, ptReé Biffdted des whieh deletBieda¥oRASY0 BhasEift gé?’, can be

storage system 204 in one enbodi ment stores”vari abl
calcylagdd arsl etitaingd nuichdestsothas imythel privtGirarithis hen pewideda critical

.sensor signal 2 11, which are received fromthe .

iR e e B Pty apPaat ity e dlorygres qryivikia reylpphase flows
h e - I

ocolr i BHGARAC IR HHLETUAM e el b R AmARAIRGERABRAT g froquency

of efthawendmarsigitad P18 br 251. Moremwer crdvadientn phadehdi fistemca e

system 204 stores_one or nore flow characteristics _
dete&%lmdﬁ@éemﬁatbh@f PIF CiroeRia A8 FERE SOMPRRSTS 1 thegehase difference

{; [ [ L , .
doeEYSHEONEDAy LPOEEON T L BARAES Mg o e s
compoendiap eyro? 2 thegpHabd@ifttréfce st arenidnt. Z3dsequengsthé bhave
_rate 223, a density 224, and a volunme flow rate 225,
differepcest@rifieiiged ouh @ plass dilfgened ofridie peivoartThe phase

S T SR a6 iRy AERPEE AR 230 diBa vy
eith@M@s Gir&hiehdorstutal DEO Sl thel s@c&[@ﬁsa@gﬁoﬁ%gm gg 1) MBheMmYodcdree

Hubert transform (di scussed belo ase
phagti $hif 2éhc dhe determencdifieqieney nimbs starqshiaghe dieffiacy 228 of the

[ th ingle 90 d h .shift 213.. Addjti [, .
storf i GeIRER PO L AL e nHeR BRI dFo S HABR D g Shif
213pha%e AidifEEa6E obfgﬁ?eéip[?ﬁ&?fagﬁytﬁefneiﬂ‘%ﬁe HoPiE. This Gan provide a

enbodi nent s conpute rom-t TIrst sensor signa
criti2dl@lifferencs acfiod metasapplraom ha¥ g highrfibw heteO0r Whgreanaulti-

phase shift 213. The determ ned phase difference can
Phaﬁt?et?%‘i’%?%fdlri n the phase difference 220 of the storage

TR ORI 5 R E T MR e
the fitsc berfsassighalt N@naridthe becopdisefisorisignallDi B Thdtipleali ffdfende (At)
critical difference in flow nmeter applications having

can B giored evihe simesdidieranse (AUrA2Rtaf thy sloragk|sygigm 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.

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
these additional flow characteristics. It should be understood that additional information
may be required for these determinations, such as the mass flow rate or density, for

example. The flow characteristics routine 218 can determine a mass flow rate from the
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occur. In addition, the phase difference can be
determ ned i ndependent of the frequency of either

W@ emws004680 gnal 2 10 or 211. Mreover, because p¢FHURIIAGE9272
di fference is determ ned i ndependently of the

. freguenc an.error c onent. in the phase differenc
timeBaTangs (AN SRS eE P RO RHSE CBORRGE £ eauency
q . : . .t . _ : i
221 SHETHIAA S cbmen 10, 00 RO S oo 2
to Ttws et 4i, ahéiemeerparited hein byl uefertnoy eThanphaflew rate is related to

di fference of theiﬁgrior art. The  frequency routipe 216
the masscilon 96 §lowy mategiab Hrihe melenassemblyatl. ebdkieHiises thepiow

ei.t her the,.f] r._Si I
eSS 214 5RO BB ERE 00 SRR ot o
rate B8, dekeletrm@sbd MesURRe Yats AdenBRy, Sdndrestumng floverate can be stored in
frequency 221 of the storage system 204. The

the meslievicyte 22R ethedlonsity2 Abdntltbery emesd Figefcthg stospgessystem 204,
ressblsity B i S S A S RbbE RS nAR Ry RHAR dovices

bytgé Fetdr@netrohitsfAgow met er applications having high flow
rates or where multi phase flows occur. The tine

di fil6r nce floBichart 300iofe radiiod ef provessisg sensomsignals in a flowmeter
di.fference (Dt) between the first, s o) j gnal, 210
accoiifhe; RN SERRNKENERTRIGhe &gREPD 2 q§teﬁﬁ§f¢t?*ﬁ§r AgPEdEsensor
» . r
signplfhe FARIAE. SHRES et ekt Fin ChpRpEPRRer Hfpffesin®r
dowestrpdrh pickosidepbandigmdl] y t he deterni ned phase divi ded
by the determ ned frequency, and. is therefore uaed to

deti@steprd2; the seasy signal sastke copgisianegy It RaF sEberimeiche
conéilgiﬁﬂan%?c %]ig%lﬁa@ ﬁﬁ%ﬁgéﬁ REn R Sle AR Grvlartid Sié??lr%'e 11& oRe

rstircs. OwW characteristics ro

emboARmBSHE tHe el teiHRios ] rizbdsnd Patd Shangeca@edatbundehe expected
determ ned frequenc 21, for exanple, in order to

fundesoripl fresvenee sbthedtiw imsiert Inledditiohapther eenditipwing opgrations can
shoul d.be underst.qod.t hat .additi [ i .
R A R R L R I
analfg'ﬁ%‘(‘grfa?st, ehDdtes 8RS fikriher E@ﬁl}fﬁé@ﬁﬁw Branddtoff slaﬁiéfdling, digitlizgtion, and
w

aracteristics routine 218 can determne a mass f
decimadtmnf thatnare petformed!inf drdeetocprofdmee) digital seaset dgmief or e

ThanFispritas RBieleil) 8o Phi et 'y ¢S wrated el RESY o6 Re pipose
shifPoompfisds&do %eg’ ﬂgsésﬁﬁg £ e Behd R a1 aThe 9@6\?\;&% hase shift
[ P d rePn ? 0

ncor porate y retrerence. The nass fl rate
canibg peefoatied by any heanmes of phaseshifft fechanish er bpération.t keone
nmeter assenbly 10. Likew se, the flow characteristics .
embagimeme the Ybdagser Bhase shet Bmerieemeh gsig st yerd dansffgp pperating

.ne val .flow rate 225. The determ ned nass fl ow
Onélgﬁeg,sga%%ﬁ‘s%fénﬁs'and volune flow rate can be stored in

In step 304, a phase difference is computed, using the single 90 degree phase
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
comprises a phase difference in the response signal, i.e., in a pickoff sensor, that is seen

due to the Coriolis effect in the vibrating meter assembly 10.
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the mass flow rate 223, the density 224, and the
vol unme 225 of the storage system 204, respectively. In
wa@adaetipwm) the flow characteristics can be traPCTU51006009272
to external devices by the nmeter electronics 20. FIG
is afl omhart\gﬁéo of a pethod of groc SSi n(ﬁ@;ensor

S| digiresulingphasg irigsisnceis defeammed wit @nyrequency
Valute qﬁ tﬁJ‘é’:ﬁéﬁlh& ’h[ﬂe Hs8Rin %%gsé q]l%fe%r{ c?ﬁ‘ 'Bg 0%9&919%\1@ faster
Sensor ~Si S are rece Sensor  si

thanCAph#e @Dﬂ‘é@ﬁc@mﬂdﬂﬁﬁted rmsimgsi ﬁ@cﬁmnoy Tﬁlévf’éshltﬁigr@hlisé Werfdrence has

sensor signal. In ste sensor signals can be
a gr@aimnqcum@mhan hplase & acm&i@ula‘teﬁelsmmfr@qug can

o SRR 3005, Brabehel daPAERIRa! Ao RDER B RRE io fherigyention
is add@ARtpResdy Ebinbafeurfgorﬁ%% ﬁggréé HiXE shive ?ﬁ@ﬁ‘égﬁ@hcy in one

fundanmental frequency of the fl ow nmeter. In addition,
embotlineent sisesiihe Wrdegeeecopese shisranddhe cb@emnﬂmgrmmormgﬁal from

.as |'i ficatjon,, buffer.in tec. If the sensor
whid? R L ddesph 88 sl drpd  The Fevdnoy S5 VAN oAl rpsgonse
t
EroqAHTR AP TARTRR Senstl. AAPArdMe sEl il sofir sihgl ARE frequencies
of theH tyidt mlnscstalglmls siegrubktantidliy sieeficad @8 pparatomygl Ehédequency

degree phase shift is generat d The 90 dggree phase
0

comprSes 2 ¥ 1rabsequangy degoaee phisdlastinbe obilowhebes épa gibration
genajagéla thya%v%ol 2gree phase shift can be perfornmed by
nner ase shift mechanismor operation. In
on ammbﬂmthus dbev@Disdgieel pivhset hbinkéd f@ dperihdépBadent
usi ng Hubert transform operating on digital sensor
frqu@lgwmef,eremqe signad Tba freguennysie obfainask ispiwdhe singlmYdegree phase

ity P 5 P G Bl R b 8}, nency hos
a gr@ita;S@ccdfafcnyhﬁpg Breqhéh PR RN i M8 thriok B, phase

ferencé is determned fromthe first sensor signal,
t héng@pdarw s amso flowi bt lawdnatbrialds agpusg. aagrm@s Row rate is

conRRC GBS Foro e WBRp G e SR ghannS FRplin FedhefpERGpputed n

step§ q 0§ Qhd 3bBaln L§diHi6EhE %’?as% ?105)‘1%1;@96 ﬁﬁt’aﬁoﬁ £4264mpitetahfine

brating meter assenmbly 10. The resulting phase
d1ffei1ef1¢ee(r&t)l fem thegpdhsy dmffwedlom aht ol fredlmanny',emth oiie Bmg difference

frequency value_ in the cal cul at The resul ting
(A heiseulginately ised leeampye %ﬁe@owefﬁ faster than a

o P AT Rl S S DR B0 T onshy S

deteamitvalss cﬂiefcffeheﬂﬁw dhatatdraties andicag ba deteemitesdcromlthe
step 305, a frequency is conputed. The frequency
frequereys SrrRxam®le.ne i nvent i on

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.

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.

The meter electronics 20 in this embodiment includes the first sensor signal 210
and the second sensor signal 211. The processing system 203 processes the first and ~

second (digital) sensor signals 210 and 211 in order to determine one or more flow
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i s advant ageously conputed fromthe 90 degree phase

shift. The frequency in one enbodi nent uses the 90
walegraetsphase shift and the correspondi ng senspCT/BEna09272

fromwhich the 90 degree phase shift is derived. The

fre i s a vibrational, rﬁsponse frequency of one

uenc
Charéﬁte%ﬁ%csfﬁ{?@tth%é]r% - disgmayiously discassede thepnsets gpere flow
. - ( > coL S|
g A AR SO AR Rrk S HIMARDSO R ARB B0, o
mass flopr tase 3 denvityraati@natoldme doenaye for sROfl6® Mitetibe
fl owt ube or flowtubes to a vibration generated by the
dr i e erglodimeat shavgy éhfcgr%mmwtmgw getgpmiziea s flow

' J n f.or an ndepe nt uenc
charfbe O OB e SloPMor MARRCPENAL L RARREY th nosd for any
extebdl @egulityiRgsiRecRbRsRdSitidut ki @edgBeiRbkteal Rdbuéicy

much faster than in the prior art. The resulting

referanee signely Hasprocessing wisteatr 20F avydethaning af feagiutha phase difference
alculated.in the prior art. .| te 06, a nmamss flow
and ?féetxie%.}enpymrﬁ_ﬁ}eewﬁ)aqew(g § : ]e(g?‘nd?'%é'nass flow rate
I'S I%Qiofu"s%ﬁitscﬁﬁsécﬁ%g §tbﬁge fl‘ﬁ&% W4 hSESITBa ik cl)fé routine

the resulting equency conputed i n steps 304" an
212 ) apladdidi ffenence fotimagd 5§ 4 Grequeatcy rovim? B, iadhme difference (At)

co e tyme difference (Dt). fraomthe phase
routf e é{f@ 8 iRt ChatRCIPHIS SN 3 & hH e onagrsy Py i etiares the

: e

firt b g 1) o Ot Ry BRI TERITARE sttt 204 also
storeted firgro0eidgreblphade sisfttl 3cad darcoid 80 degred phsseasheft dfat are

the f|l ow characteristics, and can be determ ned from
genqratedrirany tamespsor genalk dnpider to detenaipe Yosflowishaistegistics. As was
prefl BT B30 b S0 L LTl LB 950,
freqG&edyaTt 1€ festime Fifféefcc@t) P22, dRé 8183 166 rhfeIDt AR dBRSRY 224, and

flowrate and the density, for exanple. FIG 4 shows
the yolemedlay rab@26r oni cs 20 according to an enbodi ment of

the.inyenti.on. The ements in nmon Wth EIG 2. .

s B Ufhsondfef LmRe rtnn COCEFREP s apitt n of input signal,
incl@diRE Lham &isst 86ndoR sighh B2 RTRROLIBRIscb&id 46188r §igﬁc\1f2'l"l.stThe phase

sensor signal 210 and the second sensor signal 2 11.
shifftoatipe At 2 $1s bng espediEmn? @8pleneness Hilbet érahsfosm (disdussed below).

S arubin BkieesEier Yy A3 Bt AR et i e s o
' . r.evi [ . or : | ow
dog3p SRR A2 1A (B Sobnfl 00 HERE DNl PiRAR 4D IndIRiGhdl

infofmetiprecayals@bé usal @i drilerte roenpluid fhe phasadisictdme, Mikeghase

..density, and/or a volune flowrate for the flow
diffeygpesringne 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
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 flow meter
applications having high flow rates or where multi-phase flows occur. In addition, the
phase difference can be determined independent of the frequency of the sensor signals

210 and 211. Moreover, because the phase difference is determined independently of
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In the enbodi nent shown, the processing system 203
determ nes the flow characteristics fromonly the two

W@ emws0046%0 gnal s 210 and 2 11, without the needPdDUSHNG009272
external frequency nmeasurenment and w t hout the need

or an external frequen fer e si naI
the Pty ALY Ua: B BBt Gieenat dpgsdet SPE@ T GRS error

confohb B S FRARY SlARRRREY (o] e A Wn3SlRle eronin the
phast diffegencs ysdasuredipht.s Conssjuentbh ah@phetslefdffemnbe agoZit Zedwwed over

phase di fference routine 215, a frequency routine 216,
aPhéS? ﬂﬁ@rﬁiqef(gﬁh‘ﬁ?@”(ﬁt) routine 217, and a flow

Chagact Sl ERU161R R hos NEG I REAIS AYSLEIN R ited by

tores sensor sigha

elthéletfh@ @irstded B sighal 210 bR %e%e@élﬁﬂ@en@&ﬁélgﬂal&q‘} ) ﬁloa@t}ﬁatfﬁete@o
a first 90 degree phase shift 213 an second

deg@@@héee Prfigd 3sﬁmdfthe serond QPalegrasaraseshiftrdh (THe @émned
nals .in orger t o.det er

freqfk At b uPedh BOnEGITETRIT o B S sutem 24, as previously

dlscﬁbééﬁa%esﬂ/&iu%ﬁb Qéhent &é&ﬁﬁnﬁ&?ﬁ@ﬁﬁ‘tﬁ@ fﬁbtfafn%rs%e&ﬁi %?hase shifts,
the frequency 221, the tine difference (Dt) he

can fwas“yslctllamd arat ebtamed nibod fdstastbiay i@ Bak, praovchrt. h"EhlB chu peovide a
0 ate 22 The hase shifi routine_ 212 perfo
critigty QGraee gt How TRk AoFaRAn] Rastivt Bieh 3 THiRs PLOAE ALt
h sensor signal 210 and on the second sensor
P aié“ﬁ%\f\/FBgé 11. The phase shift routine 212 in one
en‘dﬁw tirae tifferphen@n) souinkiRh @ determanes faoiime diffeenss@d) between
| ow). The g%hase di fference routine_215 determ nes

the Eﬁé%nserﬁleea bangsthg geeand spnmswelaébr dhe @f%rﬁrnce (At)
caniégto%&j ik {ﬁ%ltﬁﬁg ﬁﬂﬁergrpced( %rf%l ggto‘?g%f s?e}rf' 204 astprevmusly

I ona ormat i on i norder

dlsoe@smau Thetthae gitfgened (fAft)EdS(ﬁgp es 'EtiBst@rﬁt@aSB/ e Geriened ghase
ne enbodi nent is co fromthe first sensor

dwléf:@ hrthodgernped @@QEWYS arssrtherefpramsed toidetermaing ithesnass flow
90 degree phase shift 212, and the second 90 degree

phase shift 213. The determ ned phase difference can

be HeHRM chirabREsROARALAE D @E@rﬂ@@ceﬁﬁi@xe‘?fneb@ enéik OF #¢mass flow
system 204, as previously discussed. The phase

ratedthfef@nsnsc et;ndmm ¢ine velborenflove data,ga,sqge’th&slfy@l&ﬂusmdd second

¢ a6y San & Alovisier 0t Grricihd of pfeife B ghaaccpnd sensor
ali byl SEBIRRJ ) LI AL €5 GRRL LARLHGRS DY 301, e

Igh flowrates or ere t1-phase OWs occur
firstastdsdrisignal itwecepilvad.e idohd ﬁnbmtilmena nhd éirgd tesonsipad] comprises
.. independent of the frequency of the sensor signals 210
eithegpp @Psirfaml\ﬁfr capguekad] gs‘ifﬁ@r $igadle difference is

detIﬁr o f U ds%@&ﬁﬁ?éﬁtsl)y s1g1$2{1|}§réc%ﬁ§8.e rl’ﬁ)én f uﬁpié{r?&}t’rtgsn second

conpo efence 'does ROt
senddf s@hbbEomprises either a downstream or upstream pickoff sensor signal (i.e., the

rate

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
embodiment, the filtering can comprise band-pass filtering, as previously discussed. In
addition, other conditioning operations can be performed, such as amplification,

buffering, etc. If the sensor signals comprise analog signals, the step can further

17



10

15

20

25

30

conmponent of the frequency determ nation, i.e., there

is no conmpounding error in the phase difference
woreasnoepent . Consequently, the phase differ ene€r/882006/009272

is reduced over a phase difference of the prior art.

corg ety AN ST CPAA Rl o ot B SHr o i

e signal 2 11) fromthe first
ordé%@oﬁ%gﬁé%% ggg&g% 233 and the second 90 degree
phaBestghb®4, aXirgt OO ﬂeglﬁeiphasm shéftl if geqresed yThaﬁrdﬁ &0 degree phase

st ored |nthefrequenc 21 of the storag stem 20
shlﬁ§0mpe§¢m§@ eaqesdvbgsee%l Phéher fistprasey si 290 Gegree phase

B
the [90i d¥gré¥ phasd bhist i€ @Bripravd deng a Hillidrcansornd, expermgion digital

fl ow nmeter applications having high flow rates or
Senwrei‘lgﬁamltl phase flows occur. The tinme difference

bot IR0 o8 % o ERTeB P ERgh i B T oo "B o 90 desree

phaze B c&hﬁﬁ‘@ls adibldeglt ]?degﬁhﬁﬂ o tae @é&ﬁld(s@héorcs@g‘hab €As in the first
stored in the time difference (Dt) 222 of the storage

90dmgbephﬁﬁ4mﬂh§hp9@ﬂﬁ@wsm%aﬂz@nﬁs&ebep%ﬂbmnc@byanyrnwnmrof
gl%léger ence é conprises substantially the determ ned

me S G QPHEHOBy t he det ermined frequency, and is
t hefedis §odl 5&2@1559 deredrehdd i %o&%ﬁtémwgérpﬁ{erﬁis@sen?&eslgnal and
fl ow characteristics routine 218 can determ ne one orf

therseeandodent dresi greed sudih oilierfate90 dépree phasetshift amrﬁjﬁmrsecbmi 90 degree
vol une fl ow rate as previ o*Lést di cussed FI G fl ﬁl

dl? the phase

phase siithat 8disiopalgnformagion gan aksohegtsed & pler f¢ s?ma%f&
d1f§eﬁ%‘? gd IR %ﬁé gﬁqb%ﬁgﬁ%gtgﬁ%hgsg (I.h?fre!pés?ltcg lig @%&%ﬂﬁﬂh@ gl%otn? g‘tfénﬁrst sensor

sigh@NERrsesbiiNensbSsifed cihedttst d0ndapnes phidse dhifgnand thdieecond 90 degree
first sensor signal conprises either an upstream or
phasewhift. rE@mp}gﬁse ld@&fereg%s@ﬁpme@ wathasq differaprespshe yqgponse signal,

sec sen naI el e
ey e U PO 0D ais BEF BNF LS R RGBT vibpagine
nmgﬁaggﬁmﬂeq01plckoff sensor signal (i.e., the opposite

of the first sensor signal). In step 503, the sensor

si giht sesultinghghase dcﬁfqrﬁmeee detemnmel withoditheneed fonany frequency
o T T AR R M N
thafx%%as@ RifhaitkeRAtRidtkd hﬁhg R%reRRnEY. SYhOHSUMirE WS 8Bfbrence 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
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
identical in operation). The frequency comprises a vibrational frequency response of the

flowtube or flowtubes to a vibration generated by the driver 180.
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addi tion, other conditioning operations can be
perfornmed, such as anplification, buffering, etc. If

W0 b@eaewnsor signals conprise anal og signals, tPET/EEmMP6/009272
can furtherconprise any manner of sanpling,

L T
e

in ars bpératiof tHades muEls fastee Misar inghe paibr arth@ho Petibtinefreqivmse has a
shift can be perforned by ?ﬂrgly_ manner of mechani sm or
greaggaceytiaey thanrs Beqicasp sdicwietad inthepgor etégr ee phase

hift, i f ' Hubert .t f [ .
on Tbigb SO A BRE ROu et oo Hirly 1L R QT TRBHAH W rate s
comPeeIERoRANRS Resitinktphiase GiERLSRE QHd tHdhRseRInG T RenEeeihuted in
phase shift conprises a 90 degree phase shift of the

steps 800 and §687s br addigemlthe mass Aowratef ¢amgputaifordenyy easnpiie gdime

it o B e R AR Rl PO PR I 85 Plorence
(ADRR 1@&&&&@9@&& &r Heatlafieioveentet he first sensor

signal and the second sensor signal, using the first
90 I sigpesdIpthmsiensity €an epttbnaty bs eletemohidl, depreseoyshadiscussed.

or @8 iep3 100 LT dopt ks h kP Be dPiered, fpreviously

discﬁ%té@di ment, the phase difference is determ ned from
e first sensor signal, the second sensor signal, the
fi F3G. 66s sdbwckalighane®hifd portiod of tie mecasthgdsidagr e
phase shift. The phase difference conprises a phase )
accqrfiingdp apcanhadimpt ofdbp rvsatien. ghnihe figuge, the Rlockerepgesent either

. ¢ . . N

pro S8 e AR Ko U0k A BRERNE G D8 Sl ghio et

stagh @ Fulkdr HIGCKPERIS @ stk efiBaagodls 608 taailbdie taidfbAA BlodklBD3, and an
need for any fr equency value in the cal culation. The

analyeis bladkriep4p Bzl BDfabd e enppumcarapiass tieheld pioloff ¢igral enput and

e S B SRR S B L R P AR peor
signhhan a phase difference cal cul ated using a frequency.

In step 507, a frequency is conputed. The frequency
acdoode agnbbdithdng, thegege ilofltdr dledkvGht agkthe stage ofifpertddck 602

fromthe first 90 degree ph shift and the. second 90
comnggy i gh B edpmtse Fhsor Rl TN B PSR SEHE
. i i
B0, 003650058 Bl o0 B B HNR SRR o o
filtetiap iavié decihtetinfrongwe boyh sehsar sigilgtwitlnele filesgrmel decimating

fr equencg of one of the first sensor _signal and .
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
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

603 includes a LPO branch 700 and a RPO branch 710. The LPO branch 700 includes a
LPO delay block 701 in parallel with a LPO filter block 702. Likewise, the RPO branch
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the second sensor signal (the frequencies of the two

sensor signals are substantially identical in
Wop@raed460m) . The frequency conprises a vibrat i PCEIUS2006/009272

frequency response of the flowube or flowubes to a

mcm«iﬁ%r i °6@%§ay%%%§?gf%é%a“§m bt o RBG A wlg AR e LPO
dela;, LSGME asmggﬁd&amqmam ;%T{hg cieﬂ%%“ SEM.PO

ta| ne romthe egree phase s

delag:rhﬁdsc&t T®narichihie RO deilek bleckt Arl theseforerseldee LPOI aﬁfd RP(D digital
The resul ting frequency. has a gr eat er accuracy_than

signgk mﬁ%wa&aﬂ%@r@m@gmﬂb{ later i ffigie that the [P Qe Ré’@adlggtal signal
sarfifeS Shdt a1l 1/ enl 1 4 ARLAIINAL 702 H}r%]:%gﬁ IR BISERFL2. The

'S Co fom fesf
LpOlfifttebletk 02a8d theRPOSUtdr iblerki 7100t fih £901eg@d phiise shift on
steps 506 and 507. In addition, the nass flow rate
them@w%@dé@t@hmgaﬂsam@ﬁﬂe a time difference (Dt) from

t.he f t h.the t
i B Ge e PR PR O i ai s SR o nb et
meagiﬁ“éﬁleﬁf OYhé Blilert!thinslodR 1108 60N RcERRS H/figaed, demmated LPO

optionally be determ ned, as previously discussed.
and &P@s@m@s an eper/foi‘msre Hilben treatséoron nThquulbﬂtaltﬂa;zsﬁoem produces 90

deaigh AGpamTHa0e SFIDTRSK CHoh QIR § PHEoaLs g ey S¢S goarature
(© BOEbSRIE! AR, ggﬁﬁi (L8R8 (9L ihPclBNGREAO od Bt e

Hﬂbertrtmnsfcrrm block 1608 elssefoge protvidedshe new iqoadratukh QQD) Icombonents LPO
dj agram 600 includes, a stage 1 filter block 601
Qand B3

© Q, alpng svithhihe Okigerd, nhesnhd) 61 gnRLGRsRRENES RQ [ and RPO I
60 put s
co?&fe %@gut? ﬁ{}ﬁ%{%{ﬁpl CEAS?(?&%?%%EI&?%%E Qa%% e‘%r %%ht
pi ckof f signal input. Either the LPO or the RPO can
cord? sedja oPs(@%t sensor signal. In one enbodiment, tH&)
staygzeol_gl 1do8fmbl pck 601 and the stage 2 filter b ock3)
60 conpri’se digital Finite | nmpul se Response (FIR)
yphase deci mation filters, inplenented in the
USlT;ﬁ@éébébﬂﬁb“@}@@@ﬁﬂ@OMpWﬂ@ﬁ@mﬁl ters provide an
optimal method for filtering and deci mating one or
botﬂp@,elbntSQrA S|Sgi(@j)s with the filtering and deci mating)
bei ng perfor fred at the same chronol ogical time and at
the same decimation rate. Alternatively, the stage 1
fi |RRP bk Sck,.0000and)}t he stage 2 filter bl ock 602 cardS)
conprise Infinite |Inpul se Response (HR) filters or

Confi PR P! b b Srfie KL R SFRNR SR
processes and/or filtering
LPO = 4, [cos(wt) +isin(ax)] = A4

Ipo Ipo ej(ﬂ)f) (6)

RPO = 4,,,[cos(at + §) +isin(art + §)] = 4,,,e” " (7)

rpo

FIGS. 8 and 9 are block diagrams of two independent branches of the analysis
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
phase portion 604a comprising a first branch that determines a phase difference from the

in-phase (I) and quadrature (Q) components. FIG. 9 is a frequency portion 604b that
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enbodi nents are contenplated and are within the scope
of the description and clains, FIG 7 shows detail of

wao beehidser t transform bl ock 603 accordi ng to aPCT/US2006/009272
enbodi nent of the invention. In the enbodi mrent shown,

t he Hubert transform,bl ck des a LPO branch )
deteppRes it eauRPey BOBHUN in éa@%wéﬁam(%@mmea&é& a single

oy T B 0 BBt o

altethatiaylydoagltisé tAd RPO $ignll | el with an RPO filter bl ock
712. The LPO del a¥ bl ock 701 and the RPO del ay bl ock
11 In the gabedimeabpl FHeg &dhaphase Pﬁ@lCLIP@@efPfatbe phaysis ’plppk 604

inct 8 G PR s Ron EatbebB BRI BRaRBLIRI P Ration

blodkaﬂ(}?}f a'ﬂ’lte& ekt dvat aﬁd‘@ph&%@ aﬁh@ﬂa BB@( @OS" tal signal
hat are |tered by the LPO filter block 702

glp hetj emRFl@:ka $Q1@ranld| &k rgceve chbtb infpbdasea () end qmdrktum@)
t.he RPOfllter ck 12 t&%gma 90 gglg eg%f %
COHE’HP?‘FS 8h3cHEF ﬁtﬁﬁ‘f‘ S Beg Fhcip |CoRgplegdOckrRRZ performs a
W@@&Gni]ﬁg'aﬁ‘é‘ 8h Qrs%@r%%lapgféré ﬁleaLIjG) rs?n Bt &R ffms a egatlve of the
rovi di ng the phase asurenent . Ubert tran rm
imapinegksigod. ﬂéremom;:ﬂex heltiplich o 8] octteBO3rmt kihlie LM eaRPORRMal and
the ﬂ.@nal s and perfornms a Hubert transform _The Hubert

gl GRERERS Staten (Sbgews dheHilier diockeild Brdempnts a
digit%)?iltlejr: Quefds FR %‘I?ﬂ ?ﬁﬁj (flsc:u'sI naz}bo'v!é qﬁj}%qﬂ&?f} c?c%%'ﬁlat}a?{ f®mprise a

onent's ase
polyphapodesitatiod figtepthapistused td Feendidierinohi asiiait fdah eekin-phase
603 therefore provides the new quadrature (Q
(1) 28 ekt (Q@@ompan@msepfﬁ@ sen$ayHignaltas welbasofoi @Cﬁamte the
s B2 oo AR PGk oBOEER dpe MG
signaE RLES 8N @Amation bY@ factBt BP1GF8f edniple2)IhBPRase Md®block 805
cos(w +f) (3) Using the Hubert transformthe out put
detepminesake phaenngts from the popkasel)) an@@uadt‘atlllrbd@ compopents of the

LP(g%thﬁlt T@th %Cﬁo b n| dﬁgg%%élglbg éO?l%l%%@%gquat1on (11)

Sho‘g,ﬁ%(o%) +i si n(wt)] = Alpo e w) (6) RPO = Arpo [cos(b
+) +i sin( * + f)]= ArpoeJ(vvt+f) (7) FIGS. 8 and 9
ar dhislpheke pordignditda showmmn FHGepanplententsr tha cbiésving eghetion:
anal ysis bl ock 604 according to an enbodi nent of the
i nvention. The analysis block 604 is the

LPOX RPO = Alpoe"‘j(fl’f) % ARpoej(wt+¢) A % A _/( wt+at+e) (8)

Ipo Rpo

where LPO is the complex conjugate of LPO. Assuming that:

Ay = Ay, =4 ©)

Rpo Lpo

then;

LPOx RPO = A*¢’® = A*[cos(@) + isin(g)] (10)

The resulting differential phase angle is:

A ()
¢ = tan [__—cos(;ﬁ)} (11)
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final stage of the frequency, differential phase, and
delta T (Dt) neasurenent. FIG 8 is phase portion 604a
w@owpnosdng a first branch that determ nes a pP@BES2006/009272
di fference fromthe in-phase (1) and quadrature (Q
conmponents. FIG 9 is a frequency portion 604b
thatdeterm nes a frequency fromthe in-phase (1)

d
quATEaY iy BDIoCK amTpB R SSeney BYignE bt dhe snajys block 604

The singl e sensor—sSignal can conprise the LPO signal
e dfga e RyPRGH Tt Bl Bop bR el ectinel 8! te left or
righ$ Bﬂ:ﬁ@ff-si 1 [NEO FRIh yTeTHe ﬁ’é%déh@ p8rtidnl604pNAYEe BAbbPRENt
604a of the anal ysis bl ock 604 includes join blocks
sho®0 ircledas agoirbbloak O0hj aigarnpleklconjiga@hlock 2yl saxpling block 903,

2 coptaletaliticaRn Bloci G, 2y blogk s chBiss PRtle ogs das.
condtERAIY& §O1 'APH%'&O@T%% Hibdk gl quadrature (Q

conmponents ‘'of a sensor signal and pass them on. The
coAgatieublyaliscu8@d, ierjbor biscla 96 b queeves botl) ingpltase OF) aad
ensor _signal (here the LPO signal), and for a
quadratiie (QRempemat o F%P&Slgpﬁrﬁg‘a.m)ﬁ?é thefioRe he conjugate block
902, B o SRk S o P Bl R SR TG AR, 28 orms o
negitivd @th®iBekn&Q4kigamd e dtRydleikgddRintdoduitara sadnisihgadelay into
the FIR filter discussed above. The filter block 804
the faguensipertiamn 604be pyg thesefotrosslends ¢ digital pigap! sapmle fhat is

used .t .. r ve har i c,eont.ent. fromthe i.n-pha [ )
chrfieetlr SPR S (15 TRl e o AT e R g e
curréBt di gﬂﬁ_ digh 8l B¢ tHERdoRn 18 niil @Sl &atiod BEodki 9(4€The complex

coefricients can be chosen to provide deci mati on of
multinBeatiopdilodd964 grdtiplies tohLBO sigwil and ithmL B confugateosigodl,

implRiesRaSEUagN 02 PSRTT NGt ABHEGES 07 R I DL, such
as tlﬂre?é Il%ﬁgglgﬂg@fo%sﬂzfdﬁ;&ﬁsé&: Phe 'fﬂﬁ?blo@ﬁcb(fS%n%BB&ﬁi(sg ?%o-lyphase

ngl e "bl ock 805 i npl enents equati o
decistation filedr ohat T heedpoasmope htuimomi6 0dateshiyom the i-ptase§T) and

i mpl enents the fol Low ng equatj on: Ox RPO = Al poe-
quagggtge 25? FYMRORGIHE 0Lt Qﬁgs%j%lgng;, itp@épgnqtﬁél?e s1gnaﬁ. The

filef SRR Ien S P e i BN LML g SRy Auch as

decihitgion Hcog dil0f esrexxbindle. phiasghaaaghgleitdodd W6 Setbsniaes a
bl ock di agram of a frequency portion 604b of the )

phagmangle frenbihg dr-phase AL et aadgaties (Wecarmpaenise thekBO signal.

Thezﬁrheas ua%{]gclg bPo%'ktd O%r}m%%"rplenctg A p%Pter:orna(Sfeeq%%tig}lt(mrbetlm. &L Lonstant

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:

LPO(,,-]) x LPO

oy = Ap,e”7 @ x ALpaej(‘”’) = A% poe’ @) (12)

The angle between two consecutive samples is therefore:

(13)

ot — @t = tan “[

sin(at — ax_,) J

cos(at —ax ;)

22



10

15

20

25

30

ri ght pickoff signal (LPO or RPO . The frequency

portion 604b in the enbodi nent shown includes a join
wWhbk@eho@0l, a conpl ex conjugate bl ock 902, a seePUFNG6/009272

bl ock 903, a conplex nmultiplication block 904, a

filter bl ock 905, a _phase angle block 906, a constant
whigj) isdhe tasiran Beqrencyof thy IsH meloekl. demivepingfiod¥z:ousl y

di scussed, the join block 901 receives both in-phase

(1)  and(sjuadlr 3kHse (Q conponents of a sensor signa

andpass emon. The conjugate bl ock 902 perforns @4

conpl ex conjugate on a sensor signal, here the LPO

Si l., .and fo negati ye of the imaginary signal,
whegd, %éﬁs%ﬁ%reo%f{éﬁgé@lhe gﬁf%{%&blacg éﬂ%f?rhewc?é@gm prcyiously
discg&%df‘liesqLI§Eﬁc}(1tQC1£ﬁi on 604b, and therefore selects a

al signa

igit sanple that is chronologically older in

ti FEG. Thisa phwarspdeigimalensitypht of ampdkeoffsemask kighkl eth flow
with the current digital sjgnal in the contglex )
metep Hndepnoignalicendibiops k The fundpmentd disqesnai et the flosanstenis the

oY O < ther L
TR L et N —
otheF g gt kpikes inbthe GeqBeicy sRtenmITie Rrsthah-figddabidnta modeUs fhe twist

as the FIRfilter previously discussed The filter

modg| ab elfreapeneyaef abowpi iSstimes theifiasiiasey ofthie fandagpentalimede). These

<D that is used to %:rem)ve. hargn' C contentﬁ{iromthe h

piles Sy Rnonkt EUIRIER o 1 Oy BB GRA A0 Brmitgsg other,

und SSRABYY seb@AbdesqP e MaltividenddR, H86ddmltRnl it 83l - The
filter coefficients can be chosen to provideé

dediloai 1 shoves ant hlgernanpest Hdbers irgnsformdliadk G3' demirdmgiton single
by.a. factqr of , f.ar examl e.. Th se.angl e hl ock.
vhasgeTeibodmay. JhsailierChrr: bk 600 R pRdeoedreanietudes
r ' I
« LI BRIRY {190 o g SYCREERhAITD. 1HE 3 EbEpeld 100 iFufih3eay
blodk€10dvin patedlet omithitafitteriBlocdk 70N 7The BP0 eaneh 1 Ab0 Or this embodiment
. .conprising a sanple rate Fs djvided by twy pi, as .
includgs\anly A delay Mockn’(ly 44 s befege, dhg felay Rlasks ¢R1 gagoduce sampling
Cfar e . Ci '
aela” AR\ 91 B RRSLPLHER 9o AR o HiSpured

digifd sidhhbAmPlEOsh BRI BRrslood Mapditerfatevely tHel@ilbdrbGansform
ngl e between two consecutive sanples is therefore:

blooii WBweouldythage shif just the RPOxsignad. - (13) | _Cgs ( fi
pr flsaQ jgc\al\h%l Cghpéllgl?qcﬁgqeep t?s%'lﬁ ?1?67 ﬁlg%i %ﬁgfia%‘j/p%xg;e l@}ﬁrgtroé‘ only one
sens'tbﬁ?:l"gnhlsintd?&eﬂ t8{dRri0t bbALthE¥RGLEN Dy AISthe HAL AEfer&R3 (sebFIGS.

e exanpl e previously
2-3). This significantly reduces the number 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
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.

"LPO=4

Ipo

cos(ar) (26)
RPO = 4,,, cos(at + §) 27)
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di scussed, "Fs" is about 2 kHz. FIG 10 is a power
spectrum density plot of a pick-off sensor signal of a
wo b@e/1esp@r under normal conditions. The fundam@nusioo6/009272
frequency of the flowreter is the tallest spike of the
graph and is | ocated at about 135 Hz. The figure al so

UsimghthedTideareiransfomndhe puipgbbegamess in t he frequency
spectrum (the first non-fundanmental node is the tw st

m)dpp@lt. agglqu@g)gy of about 1.5 times the frequency (28)
of the"™Undaffental’” node). These spikes conprise

har noni ¢ frequenci es of the flowreter and al so 29
comPOsedpt9st@t fidesi r abl e sensor nodes (i.e., a (29)
tw st node, a second bend node, etc.). FIG 11 shows

i ' i 3rt tRGGRIAN (7., with the

ggr?%n%‘%%%ﬁﬁg@ép% PV HEDR QR IIRK Holber BRSRIRI 0

Rh‘aﬁ?lg‘,]?l ‘IiOCk 603 ' in this enbodi nent includes a

LPO branch 1100 and a RPO branch 1110. The LPO branch

110Q,pyncl,u ; 0 /@1 in parallel with a 0

£il Iél?‘bﬁ%fgf&@%g%%‘ﬁgw’glvo%éfanch 1110 in this (30)

enbodi ment i ncludes only a delay block 701 . As
whibefherRPO stays ded symebl ocks 701 i ntroduce sanpling

del ays. As before, the fjiit#er, plieek |702 perfornms a 90
degRBO pHgseostdi £ ) o1 re—i igital signal €1y

sanple. It should be understo6d that! alternatively the
Hubert transform bl ock 603" could phase shift just the

RPGr gt anathowkhé armlgﬁﬁsﬁ)icm G082 bR itiwedihgld phasd deftduitediment.
transforn phase shitt of only one sensor sjignal in
Theoamdysig blodke60¢& ibdhis enthodimerfuselegdesens joeblork 81, the complex
j fference FIGS. 2-3). .Thi,s,.s{gni fi I
R S A el SR bR elgfiegesos
Th@ﬁ?zﬁﬁﬁ?%@k 6885 BitaRihirRnhEY; ihfAsaess thefolexhes e@lation:
conmput ati ons needed to obtain the mass flowrate. In
thi s enbodi nent, the output of the Hubert transform

bl ock 603" will prov iohe oquadrjat ur ex (4Q) rcomponent .
OPOsiIRFRE A,Jge‘fiwé&mrg[gﬁlkghfﬁseﬁsﬂFsﬁggﬁ[ﬁgf’ ’ ﬁ2}+e’( o t+¢)]
both. In the exanpl elbel ovv,2 the LIPO signal is phase
shifted. LPO = Al po cos(w) (26) RPO Arpo cos(w +f) (32)

(27)Using the Hubert transform the output becones:

L R, O BB B e e i
fre@ienicheohipoaeit groduetidiyrthé complexwntihiplibation block 803. The low-pass
filter block 1201 can implement any manner of low-pass filtering operation. The result
of the multiplication operation produces two terms. The (—ot + ot + @) term combines
and simplifies to a phase-only @ term (a DC result), since the (—ot) and the (wt) terms
cancel each other out. The (ot + ot + @) simplifies to a (2ot +@) term, at twice the
frequency. Since the result is the sum of 2 terms, the high frequency (2ot +9) term can
be removed. The only signal of interest here is the DC term. The high frequency (2wt
+@) term can be filtered out of the result using a low-pass filter. The cut-off of the low-
pass filter can be located anywhere between zero and 2e.

After filtering, the result is:

LPOx RPO = A*¢/¥ = —/12—2[003(;15) +isin(g@)] (33)
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90 phase shift) yields: LPO = Alpo [cos(wt) +isin(w)]

=Al poeJ(<"0 (30) while the RPO stays the sane: RPO
W@ 3p/16468 12 shows the anal ysis bl ock 604a' fPRCT/URE06/009272

si ngl e phase shift enbodi mrent. The anal ysis bl ock

604a' in this enbodi nent includes one join block 801,

the conplex nultiplication block 803, a | ow pass
Thdrbforerthdlifedcedt2) bhasemhote shase angl e bl ock 805. The

anal ysi s bl ock 604a in this enbodi nent inplenments the

fol |l owi ng e j(. t+#f) j_e -j(. w+)
LPC?&Q@l—F—E‘@?! l\/p Arpo _ Al,po XA j(- w w+f) , (34
i (Yt+wt tc96d)| The | ow pass filter block 1201
conprises a |lowpass filter that renoves a

hi gﬁy kAGHE &%ﬂ@é@%ﬁﬁbﬂﬁb@@ﬁ@ ?{ékbc\/fftsfg%a}?@x%b@bftwo, the
mul tfplication block 803. ow pass filter bl ock

com@tiareat loaveededto pwﬁommnlmp aofl fte@{welpa’s@stlmatmrln igpriolis mass
floyaeidieds o vgnasonay eeg: e Phogg Sl §85chgy SRS bisr e ve
det@fi’lﬂméﬂi tHEI b (%%eﬁx&r% Oé?ﬂﬁsz Bl(tqi%n}l;% 2?1.5{? k grll)adé@ee@%é % Is%gtr

out FIGNE shotvs thedensor@rgcesdimpodf the &svehomay @ntpatd) tottbe pmor art,
at . twi.ce the frequency. Since the result is the sun
g ow materlal

Whgetneqf tinge diffsenfedAtirredigundicach s sarmpatsy- (1oe charh
T .
e P AR (R e SIS, f%fm%ﬁk%?-eﬁésﬁ’%%%ﬁb%@?% gy noiseis

sub@tahtlaﬂy teldecadds thd nave alggrithn bevapsesef the tateof plikbearmlifreqichcy

the | owpass filter can be | ocated ar bet
cal?éatamarlaowe %&P{lérronf fhe Eamn gt thesnidame %rtﬁiw?ﬁ?%@ﬁbioes not

disp] ?ﬁ% [p% dNalle Hhodre Qé%@ct%ﬁq &9{ &t g&t}jl easurements

phase angle 1 s: Byta ngth
t r aREH ormlﬁﬁvﬂhe npetekel edtfonsesohicciondihg dmlam émbmduneﬂu ef the
conmput ati onal | oad needed to perform phase

invepideru e hag mekericheationsrsi 2y Eshissmbodigeat qal“dwlﬁ‘gg dhesinpegtace 201,
the (ﬂé %12?@ Lfl’?é ﬁrocgsdsﬁ%geg/ste-m $0%, hﬁl%lethé‘ %rééees%feﬂ‘f Y04 31 previously

discussed. 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).
Components and/or routines in common with other embodiments share common
reference numbers.

In operation, the meter electronics 20 receives and processes a first sensor signal
1405 and a second sensor signal 1406 from the flow meter. The first sensor signal 1405
and the second sensor signal 1406 comprise time-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 meter electronics 20 can process
the first sensor signal 1405 and the second sensor signal 1406 in order to obtain the
frequency response 1411 and ultimately the liquid flow fraction 1412. Using the liquid
flow fraction 1412, then the gas flow fraction 1413 can also be easily determined.

The processing system 203 can be configured to receive the first and second
sensor signals 1405 and 1406 from the interface 201, determine a flow stream density

1408 of the gas flow material using the first sensor signal 1405 and the second sensor
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determ ned using two sensor signals, but using only

one 90 degree phase shift. FIG 13 shows the sensor
w@e@eassPng of the invention as conpared to theECPUSING/009272

art, wherein a tinme difference (Dt) value of each is

conpared. The chart shows_a flow material includin

a
signald Woeemppate the faw Wisps! dasity dR0BIupIPEY Onendagas pusity 1409

diti the.fl [ J b i.al b
ef ROt o hRROR BB af of HE AT Bl UG £ i
deddit90Ue DENatGRt GbRhtBRe dfta 1AM RewSRRRioh! &1 ddterntiha ik liquid
that the resul't derived by the invention does not

flowi fspitiap 1418 fremdlee flewletreamdlonsity ¢48 amdat laass onefof gt gag density
PTG b e e W
is %ogﬁﬁﬁa?%d ot e BRI &nskl 8909 R B 15dhi® HerddiyS1 Q100 ‘Iﬂ'atﬁﬁigfon, the

clude the“interface 201, the digitizer 202,
prquessiies systgn 293 tcemb2 @8nfigmed theccstverthe &irs yetd spc@@dsensay signals

L LR e 2 0 RS B SR h0) e
5100 A RGOS B PR 165 Lapelham e s

© shiffoMt07ne8 the fiearsendorwignal 0405 derfingad afiowvstshar densoyidds of the

reference nunbers. In operation, the nmeter el ectronics
gapfoyanatevialusingithsrisrspisnesrespenseshd 1d eprbietemgpg the agyd flow

a ond.sensor. sj - fromthe flow neter.
fra?ﬁgn ?ﬁ%frogg@g%fov&s@%agﬁ'&%@ﬁgﬁg. the second sensor

si gmahddifioR t6 BElidiEe flowRadtihydndahe kes Howtractidngthel Meter

that are substantially continuousl g@r ecei ved and

elestroties 26 dabpradess thetfinst ssmeensigal d403end thectecerd sengpnsignal 1406
. fromthe pick-off sensors 170L and 170 The neter

in gfeEto Sip R SR B geAeT EhEeF I SHe csoHeTgare other flow
ch2Orrighd dhendiBaeer senapk, £#hRRlAiFERGCE Br @M IeldyDetween

obtai n the frequency response 141 1 and ultimtely the
sethsor wighaks| owass Aot mate, a4bimeHowgrateyetd. i @hiediflowakaracteristics are

fraction 1412, then the gas. flqw fractio 413 can
copferwlaiad and are WHBILPASRIE. Off{\“eg‘i:sr“&l@@% PRY & BFem 203

can f : j [ c
Ca0 88 S0TAPHA|Oul ESEHNE 415l 3o M FEOR e ot s
flosehtaiiah Compfibe giy deaivied €rush b ywelld OBoradkatripée, gaes gdd fhow material
material using the first sensor signal 1405 and the
can eewiRtise By SagnBioWENgE Othes BRSS! BAe NTKBHEssHTE Sgfterplated and

G AR AP0 Bling, 02 Gl LY 1400

a gas tlow fraction of the

gas THeQWuidIeH ShctRMtahandudé any osidrsitrtined4d thd Fatflove material.
representative of a liquid flow fraction, and

A tavidritowméractien bageomiptisonliquidstiean, a ligpid vaper tardiquiddrops. For
xS T A5 Sl A0S S 2 5355 B "Ryt e i
caft EBRPEHEBBiR ol fendthRiVedd HERMLEENSI 4 YlyddiQBrryover from a drying
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 meter electronics 20 of this embodiment can store and execute processing

routines. The processing routines in one embodiment include a density routine 1403, a
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is conpared to both the gas density 1409 and the
liquid density 1410. In addition, the processing
WGEy®hame203 can be configured to receive the fPCBHUSENE009272
second sensor signals 1405 and 1406 fromthe interface
201, generate a 90 degree phase shift 1407 fromthe
liqdid fetw frectsar rositign dK04.408hase shifiunoutine 4@ rad@yire@epoyisesponse
141 sjng t 90 degree. phase shift 1407 t he
roufinp 40 be Pt esanderstoat oRE e R tRss Y B A fauta include other
ensi 4 . I : [ ing the
o ?lgsa SE%’:%S @ggggtﬁ%%q?%ﬁ?%éﬁg”gﬁlg?I%%{ﬁséééta he Iiquid flow
f r aChé artd4latfonium 20henfihdwds vasehledearswoskidg 08lues.nThe
addition to the liquid flow fract.io

: . and. t he gas .fl
Varta bR 09 FYORIRE WIS merecrRRaa I dh et e 1405, a

fi ' I n j
s S50, PO Goo RS el asRiiaeantl o, o
gasCdakRel 809,54 HGHd dEnsityoel 0k froauendtieeporfsbdwl, a liquid flow
characteristics can include, for exangle, a phase
fractidrf B41gnend en optippal gsp fpvpeectioanl 4déndbshalg hapgdergtood that the

mass flowr ,.a volume f|ow,rat : h f :
progsing pafirt 2P o ol et T ool G bficoffs Fich it variables
tha%%&epﬁé(zidugl%/ deskEéption and clainms. The gas flow

material can conprise any gas or gas m xture. One type

of Ghs fithoenayedfahe aleterasprmilyd Oavidlachange whed af ligiid Alow fraction
wel |.. Faqr _exanple, t s.flpw materi.al, can conpri;se.

pasygt traye @&.m%’émsmgfyo?@eﬂ%ﬁg@émw vyl leiiisg putiedjeid flow

é@:ﬁr bl .STRRGs Ghe 108e i d densit

fra gﬁﬁ%ﬁ%ﬁ%n c%gﬁ)rrégb Eul'I%;hgeas Itdlagvui rg&fg I Sog/ﬁef r acte ilrcl)cr{ e%sgn ensiy

whienallisgiéd Abw fradjisinds erdseat. rideréford, e Gaw stream deasiéy cal be used to
Aliquid flow fr%;:ti_on can conprise a liquid stream a

dete ethHﬁBId,ﬂ%W aICHBIl-d drops. For exanple, the liquid

can r : :

o IR Ry R P o0 B eppor s 1905 nd e

sedvatigeidor 8amal 1006, Avplevacusly disygssbd,dhe fiysaad sécamd sensor signals
dryi n;c[g rocess. In another alternative, the lLiquid can. .
1405 pnd 146 wiflect thetrpepogae of thevnger Ergrg tlovs geikluils toadrive vibration

. Introduced into t Sf L ew mat er | ,

bR BB RonDh Loty 3970} A G5 lohB01 processes

leasPMBREL seRENSNghdl AUDSI$n BFdet ttbrfimae iy fiddicnas réspense 1411, As
contenpl ated and are within the scope of the

wad pseriopdly discussedcthaifivst selpayr signab 4@} et eunpiise the elgetronic signal
t hi nbodi nent . c store_and execute proc i.n

reqei) i 8 T PACPISK GELSOERG FOUEFIREGCY HBRE G Rpci agrenty related

to HHEANG BT giéﬁ&%' thitefi Uk A0 BowahbRY) AdfthQwrdre 3akbOWith the
routine 04, a phase shitt routine 1402, and a

defisioefahe gas Sopansterinbintthe dow4ddter. For etampld, ddrained liquid
under stoqd_t hat the processing squtem 203 can inc{luge o
e density in

pagumpthrowsh thadlow sieder vl qaree hgftqavency Ratechgpe as t
the ﬁSxII'rRéIéI Nl SEHAREL the vibrational response is temporarily more damped by

flow material. The frequency response 1411 can be computed by using the first sensor
signal 1405 and the 90 degree phase shift 1407, as previously discussed. Therefore, by
employing the fast frequency (and flow stream density determinations), the meter
electronics 20 can determine the liquid flow fraction 1412, and can substantially

instantaneously determine the liquid flow fraction 1412,
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The neter electronics 20 can include variabl es and

wor ki ng val ues. The vari abl es and working values in
woer@eamsowi ment include a first sensor signal BEDES2086/009272

second sensor signal 1406, a 90 degree phase shift

1407, a flow streamdensity 1408, a gas density 1409,

a | ilgeinbasresyfirguting bA02processeethe)firssparrsegned 1405 imorder to

Ligui.d fleow fracti.on 1412 and an ti,Anal gas fl qw,
sy e 81 365t G i Mo RetBs 40 et Bhase itk 1407, as
proViessP 8is80ssed S IRRpAS SRR rORAIAI42UANYe REOHES %P/Qﬁ@ﬁéquency

vari abl es, such as the variables that were previously

regpiossmutide 140t Adematively, tfe piase sliiftooutiss 402 yarl Be intédrated into
e when a | w fraction passes through the

chan iquid.fl
th ?%‘?CH%QWBPW%%%H?’HéO?r equency will decrease as the
i qyqird 11903 RRRARA T hew%@lg\gﬁéé
gas fl ove\bl.hgi\'(lxﬁlfcgﬁfi%% gu% dt@ o the inecr ease enéﬂs% 13\%2#021 the first
semdoquigna¥ 1406 drrdaithieiseconidssepsersémntal 130&r bf arccembbdinfengwhe density
can be used to determ.ne the |iquj

roﬁtﬁlﬁa @3@2? iéﬁ?.yfrwnfw Eaenieyl 41d éBéh%QOWoiﬁﬁePﬁléie%&ﬁg determination.
. . _ ) d
THEIREE ¥ i BlosS 0002t AT A 850 anc

vatisglaceeding ts ersliquis flonafractivhQh thagdaslAS matliget the
response of the one or nore flow conduits to a drive

vi brideilisiwid Hpwsiaertion roneng 1404 uess hflgwstreamidensity 1408 to

o R SRR DR SB  oAEBe R5 B3R e LB e
anfduB el (e HeYconesRy aﬁﬁqaiﬂlhll the"SasiBSw PRANIQU IS dtIEHSARM is

‘the first sensor signal 1405 can conprise the
disspeset behive ins cermnctionceith #8Gf T nincdddigon, ghe kqaidiflow fraction

sensor.. The.frequency respons 41 i,S_Lnherentl .
rofi G0 e ARG WP Egaciom Gortink KPaP e bagrElow fraction
14&{;1%@%&% th%%%&tﬁh?@@xfc%ﬁgé’ 8F bASintht Bad RewdaRsthy of

the gas flow material in the ow neter. For exanpl e,

ent ridierfadt dengon dgmrad4Dfignd Hrecsegbnd bemsbi signaiettd®6 stark lvibrational

cause the frequency to decrease, .as the density in the
respOBReraYed ROMOMe et g roaopng- s He st Fig8plotfle and the

LS qt rad Al -4l .
w0 T A58, ST 0 A o 1B v
sighial siceived $iwim giegnader 14@Mband0.t Tae Fstidegir sighan$403 Mmd the second

1407, as Afr evi ousl y di scussed. Therefore, by enpl oying
senseb sk2aak 11Q0cpnegesmprisaramplespostipeseh the gdctycal signal.

det ' [ h ter el ni £s can .

e RN R e ———
ga$ 8661 faaitionl dfthé g&g Askanaedsl (v e datdenstynes 4 ﬁ&e'ﬁ%@ Without a liquid

flow fraction 1412. The phase s.l"n ft routine 1402
floyr beeimes Thkgas dessityskiddds usidgne coresison vathithe determined flow
str %g%gassigrg@ogtggrgwf régrtgﬁg?e e i&bl;& ﬂggvl frélc 1%?1 alth% c%rrr%jal%l%cem is
discussed below in conjunction with FIG. 15.

The liquid density 1410 can store a predetermined liquid density that is
representative of the liquid density of a pure liquid. The liquid density 1409 can also be
used in a comparison to the flow stream density and for the liquid flow fraction
determination.

The frequency, when determined using the phase shift methods previously

described, can be quickly obtained, in contrast to the prior art. Moreover, the frequency

28



10

15

20

25

30

previously discussed. The phase shift routine 1402 can

be executed by the frequency response routine 1401.
w@\doenosbo vel y, the phase shift routine 1402 cREI/D82006/009272

integrated into the frequency response routine 1401.

The density routine 1403 determ nes the flow stream
candendst¢rynined Siistantre il énstantarteovslys drheshgfaalianaxgsregugneshe

derganaRI RouPreb iRy HEBbieEr Trog NG SeoHaES speh os in
detér‘ihihﬂl% 4 110W splehfaBndRP ahd detdBhRIAB ARELRNM oW BRClibR \ﬁ%c:rding to

streamdensity 1408 is related to the density of t _
the gigentionwBeatweseithe frequehcyann s sabgtamidtillygnstentaheouslydétdrmined,
flow fraction in the gas flow material. The, |iquid
thefliqyid ﬂ?*é(cffacaﬁnrcauﬁiﬁ qutoldnand ecsurately qut%wg?dr@é © gas flow
ma% -gisi ty 1408 to produce the liquid flow fraction 1412.
e'liquid flow fraction 1412 is related to the anount
( orItRB6EldHeagrRikrstdod thatihe mdtert dlectgaticd 2@vaminéretivell receive and
The determ nation is discussed bel ow in conjunction
progessihepa@son signala. Addi tebalh, the meteriedeatipniqscl Fangoptipously and
rout.ine. 1404 can .also produce f. : f ' -
sy b iR D SRR rRhA Pl Rttt i B spoteril
Thé RRt3 EERonRE Ve h28Bstahti ABScdnfintibes1g perfbhA\thdBg @l ifiw fraction
The first sensor signal 1405 and the second sensor
detginginatiornl p@esst @ves tihasatariona leviebspidiged floscipctag Fass firough
ht e neter assenbly 10. The first sensor signal 1405
the frF?éersecpnd sensor signal 1406 can conprise digital
FepERS. L @SRkt PSDACY 28tHelEBE HéteRhindl @A BYuid flow fraction in
recei ve rom t%e meter assenbly 10. The first sensor
a ga$ Jowlmatéasl fowlingthraphanios enter acsbygiing td#0émbadiment of the
. conprise sanpled portjions of the .electrical. signal
inveREOR Al Heind PO TEagdsgRond naoTsiERTIs oy SEHU RG] fhy meter
' ' f a gas flow fraction of the
asst&%@¥ F@ﬁs?@%@?ﬁ%&ﬂﬁcﬁ%eﬁ a density of a pure gas
Wi t iostep a502,aHé Gerfsbowighilachn ba condifiengd s pendonsyy dib08ssed.

is used in a conparison with the determned flo i
st r bnstepdad3 ta/flow sheamrdensityiet bedan @%@ar¢l&hi%c¥gﬁ¢wed- The

fraction. The arison i g di Hel 0w 4
oy Fieaedamst & SACRRaed FEnk TE iR YREF Hefelbid s seong gonser
sigRhIOr@ther R6RASLLIcErigds, |Vadidbids devdpdridonktaats dad also be used in
representative of the liquid density of a pure liquid.

makng the detetmitetiont if ngddgl.can al so be used in a
O3 L P AT e T0R et o i
der‘g,ki‘lgn TR %ea"s MeNSE) 4StRSsdiaiR s AN dW FREAPEBthe gas flow stream

reviously :
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.

FIG. 16 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 not have tobe in a
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

material density is proportional to the liquid flow fraction. Therefore, using at least the
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descri bed, can be quickly obtained, in contrast to the

prior art. Mreover, the frequencycan be determ ned
w@aipstiewso al | y i nst ant aneously. The i nstant anepCBUS2006/009272

frequency determnation is advant ageousl y avail abl e

for use jn other &termntlons ch as in

meagRted 535 iomgmatariab (¢ &+ ioRhIRsHY .apgl HAVEe3as densibh gheliquid flow
ti
fracgke){g ghlg léfs ?Eﬁe’rﬁ&rl%gu éﬁ%oﬁgcggé h&&st'gBdttﬁ‘at“? tlheﬁfﬁg 168 can include
otherrfattary, suvhoasgryssded aidengdratiuiee fdri esapld. | In\shélﬂd(bblmﬂerstood
zi\n be %@I ckly. and accurately determ ned for the
thatral Gpgutheraraph is {oT BHEAl &b and BHEPb ook esandHiTUgk @n be used
and‘?fef‘e‘fﬁﬁ ics 20 can iteratively receive and process the
sensor SI gnals. As a result, the neter electronics 20

C amefamingmg@uﬁﬂowm d Ssibsém DS(Di&ihle)hquuS flowt agieudb Yetermined.
determned aliquid flow fraction in the gas flow

Therliguad flaw, fraionmenrises et qusntibsoriereeniagaeisiand imtheygas flow

h d flow f
mat§fh, THEHG B RE 0 Gf e FPhnaalty ui Gk pRlmmipegiher
corﬂfju%ﬂdﬂsféu@lﬂ/afs aag@g n@Rs @@&&atélarwsﬂh hg@dfﬂq@sé/ﬂm& fite, fof Example.

is a flowchart 1500 of a method for determ ning a
Thel ligyid dlot fywtfmamnuh@rdeitmangiaﬁom thevcnmiperisad of theviiowgstream

dengify, Brtiesst terkongnSassBrsty  AlEmfh e Bt o wapapp Con tcgmprlse a
congi.ag'@@ﬂ of f&‘x‘éeﬂc}fv@ CREMR elflsrlﬁnﬂotﬂb% ffﬁtlﬁfovﬁﬁ%a%r@n&t +0nd 82

revi ous I scusse step 1502 sensor signals
liqu@dertsetycondl tioned, as previously discussed. In st ep
15Q3, a flow stream density of the gas flow nateri.al

i s Recerpatiaithe floy siream densdifodenknqyyn gas dersiynddae known
liquit® h&%ln'yh%{g d Cuin BT ﬁ& 22k bgﬂgecf Re tﬁeeﬁ@ﬂﬁ W A3ton

OWC arac eristics, varila

deterniisdtiont STieaatialcempbigegised in making the
determ nation, if needed. In step 1504, the flow

st lRamaen¥i Do)/ Prconpared to a gas density and to a (35)
liquid density. The gas density is representative of a

Wh@ﬁ@nfeJSlpey\/ls‘ thadlovwostredim dbsitgas detedmindd Roum thaderisbesignals, Dg is
quid density i s representatlve of the liquid flow

the kﬁ%tgaé density, Bnds thedawmreliquid denityd end i isdhe Hewiddiydraction.

f th
CofRudiiSe ey @&%e%%i oS B ool o1 pn”or "
nat ugal p easurec?@jlﬁl/l[)/ versus glycol percentage (i.e. (36)

liquid f raction). The table represents a set of
data that is used for the conparison. However, any

t ypeFl§t. 1das a fhrwabettu7©0cdn rhethod dot; dederthining aﬂhqladdm&acmn

. not have to be in a
in a gas flow material flowing through a flow meter according to an embodiment of the

invention. In step 1701, first and second sensor signals are received from the meter
assembly 10, as previously discussed.

In step 1702, the sensor signals can be conditioned, as previously discussed.

In step 1703, a 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.
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table form The diagonal graph line represents a gas

flow material density for various fractions of gas
wa@eosaeiond ycol . It can be seen fromthe graph PCEHUS100€009272

overall gas flow material density is proportional to

the liquid flow fraction. Therefore, using at |ea
t hEhetaR |7 aEedUeneVrPRPRTS %th@ m-*éer assqs"tﬂalm Odléﬁgrrwted The

ﬁeq@h‘éﬁ? BRaPS, RN sl M s e b i e somsor

s1gnb1§)@é<p@vm1yd1§¢ug§iai ot her factors such as pressure and
enperature, for exanple. It shoul d be understood that

aI Irhaiggm%ea fowsheam depsityiaf thetes Jawv materigl isadstermined using

the idEhe P REBERET in oo iRt e RS sG8n dEhEh T Affmined by
squakin@whé FRGhHMRY rbspodsd SidMnvestingline Shlhé}b'ﬂ Qreahé}wy%g&dﬂs@ (since
conprises thé quantity or percentage of liquid i'n the

densifys= Mf%wlhﬁtoeﬁd ¢ undefrstopd @mt @tlfdr(ﬂnw clmaatmstn:anvabables and/or
sequ used r, ot he utations,
consHAfRCAaIR0 bt udiioantiph Tie P ur i ol neciiie mase 11 ow
ra c :
GorEetch 2100 B HAF frabi %’Sn‘ﬁ‘%?“ﬁﬁ“’ ’Fhé’ gAY fraction can
be delensirtey ffam ghe ¢amsdrisoh e fkinoflowgasathetensity to the known gas density,
Al terf él vel y t he conpari son can conprise a
as PrEHYAM i87158%d-t he 1 ow stream densi ty to both the

Kneyn Qas %ﬁ&ﬁﬁé’ 5 ARdnERSd 5996%’8%&); td th(? hn%ﬁﬁbﬁ Xan @é’ employed

conpar’i ng ow stream densi

accod@ingitd ¥npoétHeentatdienisiif) bk dbr de pivtide s@efaatadﬁarﬁ@gbsbﬂ" desired.
fornmed that can be used for the liquid flow fraction

The geteatipn ear defrminge Liguid slopohpeticgeia:a gasdiay awmtotial DTlp ipvention

wh fl d

can Qi RdNRS SRl e e dingrsee o SN ERTR ORI dep R

mgn@'le MBHd iverddon Gantd¥@erkBRN 1l R 6w deREbhA Yron@ﬁ %\% stﬁeatnlﬂ 8ensity.
liquid flow fraction. Consequently, the liquid flow

The fimeentioo gaxdetmine adiéquad doveffaetson psing E)rﬁ@qu@rrce'cresmsr: The
FIG. 17 .is flo art 1700 _.0of a nethod, fo
inveRaPOER AFFETEC A R G PPPONA RIS HE et 4RE SEgh A a 90 dogroe
phas‘é‘:srg% bP{hefﬁrQﬁ"éeﬂﬁoﬁ é?%rpall‘gl‘i‘h@ VAo AREE Elsé%%?&lﬁkga &8s Abw
enbodi nent of the ihvention. In step rst “and
fracﬁm abshgseits tiie Biwddlosv faetiore cﬁhw&ﬂeﬁﬁm&d&t artarm condition if
SS ly 10, as previously discussed. In step 1702,
the 11 d gigws%actsqng%? scakiqwid TragHan thrsshadd. as previ ously
di scussed. In step 1703, a 90 degree phase shift is
generated fromthe first sensor signal.
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The 90 degree phase shift can be generated as
previ ously di scussed. Although the first sensor signa
w0 200phewe0 shifted as an exanple, it shoul d be PCT/US2006/009272
understood that either sensor signal can be used.In
stef 1704, a frequency response of the neter assenbly
4 comput ed. The frequency response can be conputed
' t
L O oS e oS aRRI Y i@l Bl e BRTRRE materil
flostingtmougins floy mbtet (F), gmsnéﬂenelwmmcs €10) |csmjaeismgn ned

usi ng.the, frequency respon In one e i ment,  the
f | oW §HteRagH @Aqurfewgwag@efe T ﬁ?@aovos}g%%@aa iArigoenfbsensor signal
and inverting the squared frequency
ﬂo&%@%ﬁﬁ@g J&s@gr%@nsmy = 1/f2) . It should be
undempsdesing Rastei(R68) il mmbaicatdewithtthe ﬁlter\faifel (@bl eand

and/ or constants can al so be used in nmakin
co%&l@pdﬁm@ncpm the firyi aad sepondsensas sigrpbeironyibe mt@ﬁﬁm (201),

detggz “]vrvlefar %intsfgf ﬁ'fﬂ']pz Hl%f@gélﬁepﬁse ﬂg gr *nscgelﬁ'sx fol%“ &1"8 éa]s %fotd/ Hhterial

usidf Fcl@@fﬁs"é' S&1fxot ¥igh8l Arduethk @@mag@ﬁs&%[g&ial Veon@RrdfiR\WuBehially
discussed. The neter el ectronics and met hod according

1nsttamarte9us fhowhsticam densitydo ehishesyoag OEf@cnzie@thmn@d gag/dessity that is

odi.rent |n or der proyi de sev.

roRiEpRANG AL ® Sop TR FRELPT i B LAY TR CEal lfet BiefFiqEmined liquid
dehdifHthgt i rOWebdRaivedst 4 Wpdd 91%%/ frh QWaTRAE Hét@{mm-ghﬁe liquid flow

i nvention can deternmine a liquid flow fraction froma
fratios frosetie@ongiagisatk. and a second sensor signal. The

invention can determne a liquid flow fraction froma

flow stream density. The invention can determ ne a

) | Py .

2. e R B, B e b S PSR 03 Bring further
colﬁfﬁguirédwa%fmﬁliegnagaﬁﬂdwafra&ﬁoﬂegr ee phase shift of the

first sensor signal. The invention can al so determ ne

a gas flow fraction, along with the liquid flow

3. h%cr%]i'gtgﬂelgg 1? 1&;”? to'tf%gan&g)r; (@g{ th%g) ?éea%lﬁg %%{gﬁﬂz@ﬁ‘) bding further
coh i 80 ¢ geﬁ%at@a@(m{e ec PRise khifl @6i1A0IeS séﬁ@r sfg@ﬂhl compute a

determ ning a liqu flow fraction in
frequenyi raSpdrlsgwsmg thh PO dggrea phhassyshidrad tleesgrst smorr@g@al and
el ect risin an interface (201
aefpBEia R gosH Ly ETRE RO ey st BB gfsipas s fauency
resHoasAl fromthe flow nmeter (5); and a processing
ystem (203) in communication with the interface (201)

and configured to receive the first and second sensor

' ls f h
4, sllh%nrget%r elre(c)trrTg)rtncse (éo'}to?‘r {ann 1, §V181 2116 processing system (203) being further

configured to generate a 90 degree phase shift from the first sensor signal, compute a
frequency response using the 90 degree phase shift and the first sensor signal, square the
frequency response to generate a squared frequency response, and invert the squared
frequency response to generate the substantially instantaneous flow stream density of

the gas flow material.

5. The meter electronics (20) of claim 1, with the processing system (203) being further

configured to compare the liquid flow fraction to a predetermined liquid fraction
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determ ne a substantially instantaneous flow stream
density of the gas flow material using the first
W@ emwsa04680 gnal and the second sensor signal, CPOPHEEE06/009272
the substantially instantaneous flow streamdensity to
at | east one_of a predeterm ned gas_density that is
threghels} ansbset an jalasmpgongitipnsif e liguid flowy Bactym ?%@eg%é’ef | ow
terial:. ined liquid density that is
pred?%br égegr%}qgwsrgctgéfgﬁésﬁiéflﬁ.d flow fraction, and
determine the liquid flow fraction fromthe
conparison. 2. The neter electronics (20) of claim1, . .
6. Themhetetrriegrates@Ongf elpgmdnithohy flosi mgter () ¢rarprising a Coriolis
a configured to determne the gas flow fraction. 3. The
OWUFEF el ectronics (20) of claim1, with the processing
system (203) being further configured to generate a 90
degree phase shift fromthe first sensor signal, . L
7. Themmiteelacttomoui@ie pf cleépdnsathube flgw metes @S Heqyrpidsipg a yibrating
shift and the first sensor signal, and determ ne the
295¢tnt i al | y instantaneous flow stream density using
the frequency response. 4. The neter el ectronics (20)
of claim1, with the processing system (203) being
8. Therthéter eleomndrigs (30 of olaganle mathetha cOmpdeigg dertipdravspsising
fromthe first sensor signal enc

=

den

, f )
COmpEERS Hyeesubgqaa@albh@s@@taalég%gowfﬁ%%?w I NG ey to at
1easggﬁlesc9f élleg@@l‘min%ﬂ?é% (aeltlﬁ{éfn{l?%@ig lfg%:%%eélgﬁﬁgﬁg%f%a{s%ow fraction of

enerate a square requency re vert the
the SAEURSW ehatéreq Wb eybreespaniaed liquidatvasiay ehat berepresentative of a liquid
substantial ly instantaneous flow stream density of the
flowgEectfarow material . 5. The neter el ectronics (20) of
claiml1l, with the processing system (203) being
further configured to conpare the liquid flow fraction

9, MBteRcRCAILICS (10)Tofl dbtefitinthd 4 Betidaiwfiestion th apas Selv ragterial
alarmcondition if the liquid flow fracti on exceeds

flowihg tipoegle t dov meter| (P theimetes claceamicn (ARHSINPIIENE The
ter,_ el ectrqni 20).0of glaimdl. with the fl :
e e (A TPk e FIEhebt oLt R i
frorf HRCHER &Sy @p%ncpf claiml, with the flow neter (5)

conprising a vibrating densitoneter. 8. The neter

el egirbosssing sy2@n (X038 irmcomuniviatibn whth the mptarfpery(201) and

further conprising conpari t he .substant | al.l
configtes ip &PREBRSLhE 50 01 BRI BHEFR %}glﬁﬂgs Qi én‘ésﬁaﬁe oD

Ol | destapié o ffueh

syl Bk OB SEFHRSOLEG: amytstot ety
response using the 90 degree phase shift and the first sensor signal, determine a flow
stream density of the gas flow material using the frequency response, and determine the

liquid flow fraction from the flow stream density.

10. The meter electronics (20) of claim 9, with the processing system (203) being

further configured to determine the gas flow fraction.

11. The meter electronics (20) of claim 9, with the processing system (203) being

further configured to determine the flow stream density by squaring the frequency
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the gas flow material and a predeterm ned |iquid
density that is representative of a liquid flow
wo e@etiomm 9. Meter electronics (20) for deterP@nUSIPOE009272
liquid flow fraction in a gas flow material flow ng
through a flow neter (5), the neter electronics (20)
reSpeBSHHIO @inﬁ@te apquaied ﬁﬁ%@wzg‘agonﬁ@ ang Byertihegquared frequency

sQr n ensor signal fromthe flow
respr?g? i%%%flgd@ 8@&"%? geﬂSl ySystem (203) in
conmuni cati on W|th t he |nterface (201) and configured
to receive the first and second sensor signals from

12. {The meteesleeicenic¢(R0) of gbmmr%meﬂathg @m@gmg spiewe28h) baing

furthdr Sl Rt g et FeSRY o it 2 T Ritaril from the

firstSRNSHsigha0 Rd the%%%&[d@éﬁ@o@s@ﬁﬂ"‘bo?ﬁﬁfr@ MMOROW sttﬁéaﬁlfdetngﬁy to at
gas flow nmaterial using the frequency response, and

1easﬁ emeoﬁa peedeteemitiegugad dehsity ﬁhaaxstremsémmmet dfen gdsaow fraction of

the gqt %&n@?agcgﬁ?éﬁ@nfi@ép%&iéegg@he ”}3&, gir =) eéx%{t? CS n%:é?%@r?{ative of a liquid

flovd %I‘l&ﬁkﬁ% afi@ erie%frfedth% c1’1 At ﬁ?xg‘gh"cu?ﬂ %iogl?ﬁl]legéo%:%)e{rﬁeﬁt I on.

ectr oM cs
proceSS| ng system (203) being further configured to
determ ne the flow stream density by squaring the

13. fihsqueise gleeispring 20 of glaiaya thathaths uegessing segfeer@(3) being
furt S’Sc%%?égre%qg cpﬂlé)%fé htelilgn? dens%?acfuo gb’ gﬁé(derté??rﬁ 89<§ﬁqﬁ1(a fraction

ener are the

threSh&16tah@Re1CH 412 cOhdiibRiMhE lignid ﬂova HEacHbA @REEId8 Ghe

system (203) being further configured to determ ne a
preddtemised kauid dmesion yhreshalhe gas flow material fromthe

first sensor signal and the second sensor signal,

conpare the flow stream density to at |east one of a
14 mﬁ%&%{ ellee@&ne@@zt%m%laam g, hﬂ%h ihe ﬂcﬁ@m&r@smm&l%g% Coriolis

gas flow fraction 6f the gas flow material and
flowpmetkat er mi ned |iquid density that is represent at ive of

aliquid flow fraction, and determne the liquid flow

fraction fromthe conparison. 13. The neter "

I

15. HRGHERFLEETORE (30 cf oyl 1 B R TS T hgrising «
vibrating dendifonvet actl on to a predetermned |iquid

fraction threshold and set an alarmcondition if the

liquid flow fracti on exceeds the predeterm ned |iquid

. PASHEGP PRI o g R Sl RR 5 R g

furthéruni@iseig determining the liquid flow fraction from the flow stream density

g

and a drive gain.

17. A method for determining a liquid flow fraction in a gas flow material flowing
through a flow meter, the method comprising:

receiving a first sensor signal and a second sensor signal from the flow meter;

determining a substantially instantaneous flow stream density of the gas flow
material using the first sensor signal and the second sensor signal;

comparing the substantially instantaneous flow stream density to at least one of a

predetermined gas density that is representative of a gas flow fraction of the gas flow
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15. The nmeter electronics (20) of claim9, wth the

flow neter (5) conprising a vibrating densitoneter.
wageoe/Thsooret er el ectronics (20) of claim?9, wPET/UR®06/009272

determining the liquid flow fraction further

conprising determning.the.liguid flow fraction.fr.

maiepta! pr ey bt et R A Wi By
. ermning aliquid flow fraction in a gas flow

ﬁaﬁaﬁ{nérgﬁgl flowing through a flow neter, the nethod

conpetershingig the diguid figwdrdcition tfroe tieocorspagying) and a

second sensor signal fromthe flow neter; determ ning

a substantially instantaneous flow stream density of

t : [ ' : j : Py :
18.7 Pfe ARTAd UIERA £F, Brbo oty Hbieihich it feoS KR Praction.

substantially instantaneous flow streamdensity to at

| east one of a predeterm ned gas density t}

. hat i s
19. Epe mdhncaef dlainpi 7.avigh ther dedcrntpmetthe ﬁuwaqtﬁﬁyg@%antaneous flow
flo t.erd and a. determined liquid density that
strqaén ﬁ%ggﬁté’sé%ﬁt‘%rt?%ﬁggﬁé liquid flow fraction; and
det g&fBrAtiipda Y e bricd haksd shefvfifonaiel fadt fehesn dibeal;
con%ari ng@%& T%ﬂe #et hod of claim 17, furt%}?}

conpeiipiig o Srequericyiragponke ugiag thid Yhdegrae pheng. shifd andrfe first
met hod _of%fl aim17, with the determ ning the
sensiugaAi #34 | y i nst ant aneous flow stream density

fur a&@ﬁn&mﬂe%hﬂaant%ﬁgﬁh@ﬁae@s%ﬁ QEEAR RhasersH tht

fromthe tiTst sensor signal; conmputing a freguency
freqespynesponse.ng t he 90 degree phase shift and the first

sensor signal; and determ ning the substantially

i nstant aneous flow stream density fromthe frequency

20. Fffl@ AFRod 6Pclail§o i ack &’c{t I‘l:ll]iﬁiﬂg the subdtd i Snstantaneous flow
determning t e’ stbstanti a Fy I nst ant aneous fl ow

stréinti denmsiiyeicttie frequericheedpoasgiesayrisiagponse conpri si ng:
squaring the frequency response to generate a squared
f r esisREg the Ssavensy ramn%&égqnerﬁée ﬁﬁﬁ“%‘"&é Aveggency response; and

| no R BESBRNEE AP BERRER Gt I e RE I il
insfdn@dﬂébﬁgﬂoweaﬁm@@ﬁpri sing: conparing the liquid

low fraction to a predetermned liquid fraction
t hreshol d;

21. The method of claim 17, further comprising:

comparing the liquid flow fraction to a predetermined liquid fraction threshold;
and

setting an alarm condition if the liquid flow fraction exceeds the predetermined

liquid fraction threshold.

22. The method of claim 17, with the comparing further comprising comparing the
substantially instantaneous flow stream density to a drive gain and to at least one of a
predetermined gas density that is representative of a gas flow fraction of the gas flow
material and a predetermined liquid density that is representative of a liquid flow

fraction.
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and setting an alarmcondition if the liquid flow
fraction exceeds the predetermned |iquid fraction
wo booeabsbad. 22. The met hod of claim 17, w th tP€r/US2006/009272
conparing further conprising conparing the
substantjally instantaneous flow sfreamdensity .to.a .
23. drmgthodfpndethrmingga fireadtovs frairm PERTAPu AR Hpveine

' h ' .Jye of a gas flow fraction
throv%q{? ﬂé%grglgf%%’l d&\%ﬁﬁ?@?@ﬁ%@@‘a predetermned liquid
defsdelwing B drstisenseRiggebaidd beodndfsedsdristpmalifibhotive flow meter;
fraction.23. A nethod for determning a liquid flow

fr Emﬁf@fﬁf;]g 898 dﬁﬁfefﬂhéw shaft djama ther fighbangot Higstlgh a 1 ow
t , t Qi . P fi
gt R S I S

sens@&ighat i ng a 90 degree phase shift fromthe first
sensor “signal; conputing a frequency response usin
t hdetetmiteng edlophstsens ferfsity afdhe gas flow mwateaaigwingsthg dweiquency
determning a flow stream density of the gas flow
TespatCe 4l using the frequency response; and determ ning
th Wel3IE : j nsity.
24 2ot 8 00 AR IO TR O QMR ER TS
determining the gas flow fraction. 25. The nethod of
claim23, with the determ ning the flow stream densi .
flhg mathed pf glgire Ady frbep s AR IBE mdieiesmiRyng élam%ﬁslrﬁ&w fidgtidn.
frequency response to generate a squared frequency
response; and inverting the squared frequency response
25. ThedRARHALE clahia 20| onthshé gewrdiemnsg the. {16 strddir derdityoflomfthe
claim23, with the determining the liquid flow
freqhieneytespPrSe COMPFISEGhpPri si ng: conparing the flow stream

d [ | f : oY
naaios B Hosit edBhsp o B RSP RH ATt BRq Riphiats and
gasn{draMG TR RiubRld PhfieAcPrapeiR izt atd tHYifdwdanaint Jensity.

that is Tepresentative of a liquid flow fraction; and
determning the liquid flow fraction fromthe

25, SRR MRS B el e b it

com%‘ii‘s‘ﬂx%t. ermned liquid fraction threshold;

24,

comparing the flow stream density to at least one of a predetermined gas density
that is representative of a gas flow fraction of the gas flow material and a predetermined
liquid density that is representative of a liquid flow fraction; and

determining the liquid flow fraction from the comparing.

27. The method of claim 23, further comprising:

comparing the liquid flow fraction to a predetermined liquid fraction threshold;
and

setting an alarm condition if the liquid flow fraction exceeds the predetermined

liquid fraction threshold.
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and setting an alarmcondition if the liquid flow
fraction exceeds the predetermned |iquid fraction
wo booeabusba. 28. The net hod of claim 23, wth theCT/US2006/009272
determining the liquid flow fraction further
conprising determining the liquid flow fractjon fro
28. Thematled of ?1@@&12%19?@11%1? dgterminipg the h@aﬂfbw fraction further

comprising determining the liquid flow fraction from the flow stream density and a

drive gain.
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