METER ELECTRONI CS AND METHCODS FOR PROCESSI NG SENSOR

SI GNALS FOR A MULTI - PHASE FLOW MATERI AL I N A FLOAWWETER
weacskgeousd of the Invention 1. Field of the | peemSR@E031713

The present invention relates to neter electronics and

nmet hods for processing sensor signals for a

METERBEEECTRONIEScAND METHODS HOR AROLESSING SEINSOR

HealhOk 5 Wi bFptRdE niolf SastERAL R JampeTER

flow and other information of materials flow ng
through a pipeline as disclosed in U S. Patent No.

Badkgdund2T the Sweshtion J. E. Smith, et al. of January 1,
1985 and Re. 31,450 to J.E. Smith of February 11,
1. T of thedweentiodamet er s have one or nore fl owtubes of

di f fl"gll% %Petseﬁtog(/ H)ﬁﬁte o nﬁ@[?pel?&p&#ur a %IJ cessing

avi ng a se

serﬁaldﬁgnam fdnthdmaﬁl-}oﬁwe fevamplieial $h armoevxheteﬂl ng,
torsional, radial and coupled nodes. In a typical
2. Smtememtsvfﬁiesgmh@w measur ement application, a condui t
con at| ci.t ed one.or . nore Vi .
COnh 4080 PR OO el BnPRGS 1B Bl B Hf censty,and
volﬁﬁﬁ{é 06w ahd bitfer GX0eMhtion 8f ﬁi@@eﬂa{seﬂo@tngﬁﬁwgﬁ as}%f!@@ﬁ% as disclosed

al ong the conduit. The vibrational nodes
in e} it Nidi. K464 ,psissered tad &. Gefitnetial. of {!mmanbil 1986 and Re.

513801 R s ed sy 10 Thesf e St st or more flow

tubfe% %}“ﬂﬁ?ﬁ% o ﬁg@%ﬁra&%ﬁg e%(?g?clﬁiqﬁﬁl doii fhtlgﬁ%éfb@{ueweﬁ%s having

ist I rected

a stthofangiral Vierdtionundddsenciudingo fortexhepla rsdnpbeﬂieﬁdmlgetorsmnal radial
flowreter to a pipeline connected on the outlet sid
and\cwple@moésw Inextypiqab fogiofis Mase ﬂpwa%@newpils%w a conduit

corﬁ@gg é‘gt?mf ﬂ EXSlke tgc\i,\ﬁ é&? orlrﬁﬂl%sﬁbi’a#tfl%{ﬁno atlf]&eﬁaf ﬁ?\%) through the

rou

cordi#) And nidtiow dﬂﬂb@c&ﬁﬁhﬂ ik A easidet at gﬁlﬂtsd@hbe@ along hias eonduit.
As a materi al begins to flow through the flow tube,

Cor iTbeivibragens! sriies of thecmaiseiabibed pysitems anecﬂ«?@n@ﬁén pats iy the

comytreamas ohdns AR NS PUSRE Bt nauhs DR ons ot iterial flows
int® 'tl‘ijeeﬂ%nfe% FdRY &Hﬁ&té@ﬁ?pehﬁ@ ol the/Bllet s¥ dfRhé ﬂ@wﬁxﬁb’%&e The

on the outlet side leads the driver. Sensors are
mapdried éithan ditietfed terough dieflewdnbe trefléwaubdsidnd exits thaofowmeter to a
si.nusoi dal signals representative of the notion of the
pipeligg copprstest on We ailet ¥fent points. The phase

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

the flow tube or flow tubes. In one prior art approach either a Discrete Fourier
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two sensor signals is proportional to the mass flow
rate of the material flow ng through the flow tube or
wohowoezines. In one prior art approach either &aCT/US2006/031713
Di screte FourierTransform (DFT) or a Fast Fourier
Transform (FFT) is used to determ ne the phase
Tratisfdrar @EE) dret Mse Bottier BensformgFia lisusedtie dpteamine the phase
i fference, and a vibra

. i gpnal fre ncy response of
difference hsiyvesis eé%%sé’ﬁﬁg??fsar e fiesgios: and paibradel

b sl U OO L0 SRRy oo s gty e

f r efuemeyriosart hpmsadly ansndepehdent frefeegrencignabistused ta determine a
vi brational driver system |n another approach,

picgRtseenab fiegren Soprhpsy usingiedrepenserent Fféthfe!r‘éhf?éiﬁ%l driver
sy It RS aHJ)tﬁléllz %Jp%%agc:hhéﬁﬁ%eq%ﬁe i 'oggsglr;%z %ﬁt,]&b%fi ﬂé 1otk the frequency of

requency. prior a
thevpilt-df eneferéeepinse td heqiiBrde@eney.alieshdilyer drivr @lteipproach, the
_sensor can be determ ned by centering to that )
vitiratienab response fequsnengenarated bywriekefh senser pan be defermined by
flo ter attenpts to t he, notch of.the mnotch
centpivgpo et FRaRBR e Aol i FpERE Mebrcrif Sl axempts o
ke theREHGOUE SoWBI Nt At THYpiVRITE setREL FreGikRSC GMese prior art
onditions, where the flow material inthe floweter

techaiquies orknfziry wdleurelet eiesesit conditiops, oksi thei fipwimaterial in the

frequency.is relatively stahle..However, the phase .
flofaRt BHEHOTBIRIRESSS Mo iing pighQrLoighil frsenehay| Suplatively
St e . SFSPHGHL | |
stof AL Frecry Pt b ST (B2 phl il I3 S R oy material

is 106t uMifer®, suudra iatwoghasdflbwk ederattictfiow nopdrihl icbmprises a liquid
material. In such situations, the prior art daiterrrin
i

anf reglid e leh@émthﬁreLﬁf@ aattabplgsiia e Lawidfloy mekui Hh%lcafesgmaﬁons,
. y o Y e !
o 0 LG FERMEDSN ATGAL KRBy e RARFLIor st and

larBaR@Wh oy, tratisRioss Qs puseibleeolr tﬁ&‘%ﬁﬁo%@ﬁalﬁ@ﬁﬁ@@é’outside the filter
nmeasurenents. This also is a problemin

bardpidih, fyi¢ldingripegrresapbaserapd figaeacy measyroneatser hisalso is a
protgia b et TAFeBr bahBe: FhaRehe JoSthont R deelidy gpgated in

alt I%Qj[iﬂ% ¥m\R‘?y AithsPAASE B tH fréc%d%ﬁ&y BEtRRERsdrnoves
eep up th the actual or neasured Trequency, causing

rapidiypd deatoidolatiab pacceshwilt neiche dtvle qukespyup Withshe attdaloe measured
understood that |f the determ ned freque [
frequensys eaysing demedulation & aniReereds g@ﬂ@&ﬁ%ﬁéft ﬁﬁ%ﬁ@ Peynderstood that

. I ' : f | I
YRR LA b O, ot v

of dengigtpolntetiow Rats 16 ¢ Gtk pisof fedncotneut aatl énidcstirate. Moreover, the
determnations, In the prior art, the pickoff signals
errohAatbbe gegpewndsd inAdbsgrgentdlaw charactstisty dxfermpnations: t o

o 5 B Bl pleBinsatibs e el bd BlaiE SRiipulared in
ord18 fhplehRAH ERGDOES IR btch AigeNA8@Ptsidnly @haffow Braid 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
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be able to track the target signal for a period of
time. Typically, the digital notch filter
wonpl7aneng ati on takes 1-2 seconds to track to PO®/US2006/031713
fluctuating target signal. Due to the tinme required by
the prior art to determ ne the frequency, the result
endasnpessesontimetshar thah exdeeds|thertoye apah girargewhich the error and/or two-

determ natjons contain errors, but also that the errfor
PhesE LN BruAtiy AEDHpALERS detp the toiiyesHVDesR OLEFRORYs L 2 notch
filtks 1§191%Hta%ﬁ.i ng which the error and/or twophase flow
actually occur. This is due to the relative sl owness
of iThs pesudteis diat shenptiadart flbtvatetdrmpahaoteaicatateln, quitidy, or
sult is that the prior_art flowreter cannot

r )
satisdacioraly drapk o dietaemyne ppickatfisspanstiirauegeyt digéne yo-phase flow of the
S I . - .
ol BRI e e SO PRRn B e S Pt AR s
an@enseptodB] dgthe phier phasdveethe phnsadiffenerics usingeht deteshingd
~and error prone, as the prior art derives the phase
pickpfffseaieney.uSherglarpeanyesreqrin eilrpaudosy deterainpéiosyis compounded

. Theref orn, any..err in the.frequency determnation.is. .

in (B ARt PhetBolidf inehaf P g Halio Pednination

and REARIHASE §5tEPhinhfion, N8adifE B RBFAsEEEDEMntRtdrBiniABEhd thass flow
t he phase determ nation, Teading to increased error in

ratdelradditiomgechaserthe detetmined fteguency value is wed thdetaunine a density
t he determ ned frequency, val ue is_.used to determne a.

valye {QEE i PR O A TP SO OseF RGAUFEY Sqlidied: Gnieept in the

freQi&ilcy! JRGHARGYOrSH Y& &G ordnidulled fhf}%edeﬁgi%qg@c ination. This

etermnation I's repeated or “‘conpounded 1 n tthe density
is aled truatforad deteemihhiion bBvelise floweatbowheredi¢ eolmraflowmate is equal

of volune flow rate, where the volune flowrate is
to Bgsaflovaateedikided by ders®y-di vi ded by density. In a
Ccal o .
Y Pif Bk otEe, RS bl B At BRITIRALIE: LBELUIRRL but also can

not ~onl ol SO Ccan ev anoun

indl@deﬁ‘far?ih@ addutadf §aer bnd hixaravelal irothepidl] stthetseatll€The oil well
oil well output therefore typically conprises a

outpul therpiose eyricallydcempdsan a rapli-phessfluid stieanpelAs gtreadinthe well

IS usual d.nto a separator.device. The.separator
strogiy e Bl 8 B0 g Bt R R e iy G Bl one or more
coRpbB&R e AERAIRLBEaHCVIRE sCRAafRIMVIGE cdh ARPRESE two-phase
separator or can conprise a three-phase separator. A

sepgamtop loasensepaprteon thygermeise sepatitoaict 4 tme-phaseestpgesor typically
froma multi-phase flui.d.. The output of th wWo- phase
eX@%%%F%tF%‘Peé §ﬁ££‘i9ﬁb?ir’é‘gtlé?1§é%wp& © NP Ot% & b‘ﬂgé’ ase separator
il t r.aj . I 0 h
car) ettt 10N ol AP S R Rl Y ARl CenttiCede! For example,
whiefeethé heell worcpihiasempeipey atlprwaterquantl @atupall gaginthen the two-phase

conprise a two-phase oil and water flow stream A
sepap#tee hRBieownparan epmprse & sparmiese giltandrwatehflow sleepm. A three-

phgs%sseggr%tocrac%n%leﬁ%a?ee&ﬂrtﬁé %n{rjﬁgea\%tag fnd £ hiso separate the water from

the oil.

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

a three-phase separator (or the oil and water output of a two-phase separator) may still
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the oil. However, separators do not conpletely
separate the fl ow conponents. For exanple, the

wexto7actiasl gas can include a small anmount of reerasa06/031713
liquid. This is comonly terned carryover or |liquid
carryover, as the gas outlet of a separator is

inqlydsi & smill aseyint joh @@tramylgaea Thys t5i tgtreed chayummder ioggasl carryunder,

addtl t he oil out of.a thr ph
es Ak ReE Py pétfnSt s TP By aticfned HiataiR faver than o
gag;@qutator) may Sti I i nclude a small anmount of
entrained gas. This is terned carryunder or gas
car quul@menasoft Hee Ipran'atd)t wattput aud:cbrdhlgofco ahs eprdoratrtr comprises
s t %I% 0Si ti oned S|cal wer than _a gas
megen a%ﬁ’ ntOugput tEFé a8 tBr BW%F Q& c%ﬁnéﬁ’ nigpe.  The
mehQurbh@ r
outputn§%$ggﬁ?&%¥QHgglfa%é H%’ ?hsone ype B%h@%ﬂgomputofﬂm
sepapaiow ppdressunas shatethetehist a higligiblesges qaegunhdébinethkidiivaiter output.
carr ver in tH gas outp ut of the separator and
Thizasgwaption i ma @.b 5 40 fispries ﬁrt@wgalstrwd g@ﬁhmd/on hquld cannot
t t Ut 0 d
be | Wespintiahf Sisuithdhety oA RG] IgrB T GagiE b8 Caccurately

deteanimetl. Eﬁ)mtmetcaﬁbfbVerl andtcantyaneaust Yylﬁ@:ilgf ﬁi‘e@@fﬂ RBMHIting in a
t herefore cannot be accurately determ ned. However,

significagh FIAPENEEPY 4R (Pricar aty uvelle progiuetiony m@amemqme sdie, inaccuracy is

£
coBidsitd, et s SRR A BN AR fucp B
SufPEUedd SWuewbi ning the gas and liquid prior art

nmeasurenents. Summary of the Solution The above and
ot h&he pbots] andsotherproblenchrasdivad andeandearice it tiee @t is dchieved

ved t.hrough the rovi,si o r electronics
el A BRtiEloR S D B o BB e fon O gping Sensor signals for
a nfiHiiphaflASE hiteMaTRSidRneted. @ flowmeter. Meter
el eCctronics for processing sensor signals for a
mul Metqriedsrohisviorptoeessing semsor Sipmalsnires muli-phavei fise material in
accordi,ng tqQ an enbgodi nent of the invention. The neter

a flaparaterdnPEQViderhprcosding dnan prbpdimeent o the ayentjondhg meter
lohs SR AL T SRS A el s

sigaal rfdnmeqmlltpphase tlowt Matdriat id Qﬁﬁ)cegsﬁﬁg By 2GR S cHimunication with
systemis configured to receive the first sensor

thegmgﬁfgq:e ahke prosessingistene itﬁgqnnf@uquatlo reeaive theefirst sensor s1gna1 and
rf t first t h h

e B 455 SEUTEBEUR e A B8R s

ﬁ‘oﬁhl tRE FiYst GBAHR §1g91@ﬁ§&:1 sfiehdte Brse&ﬁ(f‘ﬁnﬁtgr“t%gpﬁeﬁggﬁﬁg ?Igtft from the

dg1nal conpute a frequency using o
secpilhsanpotisignalecqrhpiste a frequency using one of the first ninety degree phase

—.

shift or the second ninety degree phase shift, compute a phase difference using one or
more of the first ninety degree phase shift and the second ninety degree phase shift, and
compute one or more of a mass flow rate, a density, or a volume flow rate for the multi-
phase flow material.

A method for processing sensor signals for a multi-phase flow material in a
flowmeter is provided according to an embodiment of the invention. The method
comprises receiving a first sensor signal and a second sensor signal for the multi-phase

flow material and generating a first ninety degree phase shift from the first sensor signal
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shift or the second ninety degree phase shift, conpute

a phase difference using one or nore of the first
waoioeiog2idegr ee phase shift and the second ni nepPgTAS06031713

phase shift, and conpute one or nore of a nmass fl ow

rate, a density, or a volunme flow rate for the nmulti
andperseatidgmserané nimty dégneephat shift fprothesstonyl m@mignal The

ighals for a,multi-phase flow materi al
e et cRmiEs OMRUnS cFe<BB ORI i PP st ety dogree
phdsB\RlH bl‘i’c{‘the-gggod'{?éﬁlﬁ&? PIBRS shifiC ern rﬁgth%dffhftﬁér comprises
sensor signal econd sensor signal for th

complting ppasse cﬁffewnrmuﬁng ane anthaye néﬂmtﬁnsgnmefy d@ree phase shift
ni nety degree phase shifi fromthe firsf sensor

andsthersgPoniug ey, erihage shifo nthe g T ?re"é)llﬁi?%’é?@é computing one
or ?‘1&#’% {%f LLR8 hB& rafes %Qnsif}ﬂ APh V%#L’&ﬁ@ho wiiak 08 e Huiti- ?ase flow

er conprises’ conpu requency usi ng one
matdtealf i rst ninety degree phase shift and the second’

ni nety de%ree phase shift. The nethod_ further

c orrp\rmﬂ@ cf@ﬁpnwmgx&sq@ﬁars@g@ﬁlﬁ f@raanuli-phassdloy emaggrial in a

h
i ot il SRR AN SR b ifhod
coﬁ@ﬁ@és' 126§ VRt fhs8N§ighAl A Lse@bn@seRES s1§h£lVY0f tHemuki-phase
density, or a volune flow rate for the nulti-phase

flot wwteniat end géneraAinget fitsti ninsty gegreepbaseghife froor theifyypiagensor signal

an) B60ATBEE &SBRA Y QO SRR BIE T 5 HEOR g Vahor ggnal. The
me-ﬁﬂgl REERP go s'c%?xﬁalﬁﬁ%ea]' fﬂfxcgirln?}r] ﬁélﬁé ong SRR fist Hﬁl@ch degree

a secon sensor “si g e nmulti-phase fl
phamtshift of thrrdcgaheinaty degree phase shifi. rfﬁiqandé@defartheraxmprlses
shift fromthe first sensor signal an generatl ng ah )
compuBng 2 PR JiTaEgce ¥sivrane & mate of fRmyishInsh dreace phase shift

and ﬁ?sss%r oﬁ(!l 1%11%{ de & oﬂ?&fsggﬂ%fg u'fl%ehﬁ'fe h%%’?a&p&e%mg@g%ﬁ tchﬂ%utmg one

r'equency i PSHoR; TRt

or &fdiré bf @imdsh ﬁoﬁ&&ﬁ&l@l dehsies, \or dagl@ae ploasetstorfthe mlie phase flow
met hod further conprises conputing a phase difference

magerial gnd semptiting pae of mae of p ligpidgameioyeienyt ses gagader in the
Uﬁ,ﬁlft apd th@ second ni nety degree phase shift. The
tHP8S 1OV REF ®onpri ses conputing one or more of a

As?@ét% SRV AIgion? density, or a volune flow rate for
he multi-phase flow material and conputing one or

nor én ohe asgeictolf e naeteryaeetromes, thegiaterfme iyaindesra digitizer

]gﬂltl - gse fltgw mat er j aI Aspects of the Invention In
co @lrség% igitize thp gensor signal ect roni cs, the interface

' ne 'IH gﬁ&her SHo8i dFARE nfePLH el A oREhst ﬁle%s&ésglﬁg s B rSI8 P Qher
conﬂgured to determine one or more of a gas carryunder or a liquid carryover in the
multi-phase flow material.

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

In yet another aspect of the meter electronics, the computing the frequency
comprises computing the frequency from the first sensor signal and the first ninety

degree phase shift.
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In anot her aspect of the nmeter electronics, the

processing systemis further configured to determ ne
wone7on21t®r e of a gas carryunder or a |iquid CRCTHSY®G/031713

in the nulti-phase flow material. In yet another

aspect of the neter electronics, the generating

conf yetemotisir agpeat blithempeter elast-ariogy thocomputjegeathese difference

‘he fi , :
COPER S HUHHE8 BhEEECSTIFIEncy Hoguie g arol Rge hp st ninety
dedR€ ] £t hOBLad st pting the frequency
e%grrglr]?gse:%n@oﬁn%l}%?ﬁg the %?)é% ency fromthe first

senfmyetingtiadr agputt vhithefmetst electnetiys, dbg cempptiisthe phase difference

shift.In yet another ect qof the meter electronics, .
coma@swﬁa@gm@ they Ehiﬁ%gégfcﬁlﬁ Bpenthe fEshasnscisnadiipg dirsgunety

S&: i W[ | :

dogeB pPAESALE G SRS TR Al 0 o2 BRA Ancly 8o ph shift
si ghilet dndtheetasperobheic rmsReclec@bnitfehepiessing system is further

el ectronics, the computing the phase difference
configryed sebreak wytithefipauaacypive at lerviragasdaguer@heqraponent and a

first sensor signal,, the first ni . ph —_
ol P S DR e AR PR g i
a8k SRnPHR S@ec{ﬁ'@h@ respéhs¥ @ihd e lod ehore D ged %a%ffrécﬁ@néﬁeb&hponent

el ectronics, the processing systemis further
and theef flgjdrfegjuenche@aporent, debermine queocyorgoioa hquidgdese density of a
; frequency caonponent and fluid.f .
liqB TR SRIPORER R e B eDere Hew anerial Qo) s phaes degitgpf 2 gas
ﬂog\ﬁc}rﬁ%or?enlt bih Gnd ?(ﬁatﬂa‘éﬂoﬁ Ciii hdldeRIMECInd GSRBRSE a gas

and one or nore of the gas guency conponent and the
catfrymﬂ@ébfﬁwmugypmmv%em?rtﬂbegﬂifquﬁ CHTEyOORT 0N o]?é oamore of

I qui yhase density of a |iqui t th
thwﬁfliﬁcqsﬁag@fg%w Tﬁ*ﬁﬁ’élﬂdaﬁa@i@%g gas g\(]vaggngggg int yoof ae
9as 1£ LA ONBINSHE o HeMedP E1eY b ol AE bR, o BmpRs
nore o o) er o The

det ne one r a gas carryun

préBekiihg BaSeqidneyréspbadd with Ohe ar hidie fitteathay@petantisityngject one
one or nore of the void fraction of gas or the liquid

of threagasifoaqueney gempeneot bied thesfhad freguendecorapanent.
bR B oG e e AR AP BIBRTRR DR RE

fileHBE kR b Ghdnty TipRhte WA adirst ReI@t SULBAHMARIGY rejects the gas
conponent "and”the fluid frequency conponent.” I n yet

fregnetdyeconazpeat amd subsentielly passee thiter fbuid dsquehey domepdientand

It ' filteri he f 1.t h .
filieing £ eaamcy eosube i ceartd Mg B athaighs ejects the nuia
fre]fgpglgcﬁg%b%{pcﬁl%ﬁp Qﬂk?ﬂ.{b sgaﬁg:aﬁy BB A sy RASSEScdiorlent!i vherein

conpone
the first filter outputs the fluid frequency component and the second filter outputs the

gas frequency component.

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

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

woaopgonzng and substantially passes the gas frequasene/031713
conponent, wherein the first filter outputs the fluid
frequency conponent and the second filter outputs the
gasld y& guethey asgpaoponthe tmettmelyetromer) theeproasysangs sysfent fsefurther

meter el ectronics, the determ ning one or nore of a
configuged todueslo AUTGhe GreguenRcy PR wtgﬁégqaﬁ%g%ﬁweg@% component
anf 200 ALY cﬁ%o@%h@ﬁd d&%‘?ﬁi&l Yo 'Rt fhst) BOME RN requency

responsé’ caf culating’a fluid component density fro
resbtuisef datblinine @gte He)sicOAPAasas fetgsticgtcongpoaegadetermine a void

conponent density fromthe gas frequency conponent,
fragfien efgasfrem itheyfraquesicy respaass sl one gamotesolihe gas Feggency

he fl uij - i i
colBire O HS rbbe fB Rfy  Blpf BBA Y from e
voRITFRPIBE M g8 ARiltipliddby £ tatRy G the bad @ty dlidedey s everall

el ectroniCs, the processing systemis turther
demstiyf i gured to break out the frequency response into at

| eapt f dafluid.f
conpbHa oSS PEIT ot e B FOREn L DrodFbind RAtEH B further
co%%@ﬂ?f P Yot 3RNC A RassHRIVEFATE BEHR 1BRF ntREE] horh B HEdency

equency conponent, determne a void fraction of
respassef andrdetdrmihe agieestone oé sfosisiowcdmposetirmassrand gf sevorad flow

gas frequency conponent and t fluid frequency
COIRBARIH BMSS Uaing the Mashitagtion %Féﬁ@ef%sé%%‘hr fom t he void

fraeti bl i Al '

oot SRl Bp R bE o Rl i Bk 88em st
confeReed toiquabetheetaueatefispoitets gehdratey aprssl figueysy essponse,

is further configured to determne a mass flow rate of

inviettethe seuarpdfieArencyfresnanshto gonserie asybytaniplysasgpgneous flow

determ.ne at | east on foa.fir I
oo SRS Ao o8 R TRt IR ntR s
oné BPﬁﬁkéﬂété‘ﬂﬁnéd@asmﬁt}t tRvis RpRsenthtivesf 284 flew eHefof the gas
of the neter eleéectronics, the processing systemis

flofumateeial gmhé prdetaminedsiigvid density thaieig uemresentassisargdiquid flow
RS BRI LRSS E S Gy fogon o

thd &@’t‘s‘?ﬁ neous flow stream density, conpare the
su anthal ly instantaneous flow streamdensity to at

| eadh onmespett of the enthed, the ecttigaisfudthas cangptiseatdeiesmining one or
representative of a_gas flow fraction qf the %as fl QV\{

mayg OERicas Cgmllﬁief) p*éaéqq.giqﬁaﬁg@qu 8 I@éﬂﬁhﬁe flgwymaterial.
g:lto 2‘? %E%Q%%ségctogf the He‘ﬁ#ﬂcg ‘cl'Fe!I %é@(legz{u?)'%tdo ris@%1 ﬂsing a Hilbert

or more o ow f'raction-or a
trafl g rihhioom fo @eglet A8 tHe @3t ninety degree phase shift and the second ninety

degree phase shift.

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

In yet another aspect of the method, computing the phase difference comprises
computing the phase difference from the first sensor signal, the first ninety degree phase

shift, and the second sensor signal.
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t he conmparing. In one aspect of the nethod, the nethod

further conprises determ ning one or nore of a gas
woaoonyander or a liquid carryover in the nulti Ponase06/031713

flow material. In another aspect of the nmethod, the

generating conprises using a Hubert transformation to

gendR Xekandikerfaspegt of ﬂh@mgﬂéwmplﬁm@e gihiage dififecerich @omprises

i net ree phas hift. In, ye nqt her

coR B0 o} At oHEFREG ROBBe i gtisns Sighel B Bist hinery degree phase
shif iy $e266d SEHEBH bichal, hhE e REMRNEN b

Lsfgnsor signal an the fi rsst% ni net gfy:j(geeg?éeéﬁ)%ﬁgssgitﬂéhi ft.

| n yeictanstirrraspey of themethod, thetieitod Cathen cbngriséebreaking out
théapr?s% di tference con;r)fri ses cog&gti n tBe tﬁ)hase

ar FLEPER Lo t 235 PQYencR f Og?fgﬁa a H{id frgqpercy component,
detbhmeid, | frdoti

e PR B P oIt htio M g e AT AR o the frequency
resphasqinskenedirfrhercerithe ganfrequeasy compohéntginihibe fillRBRequency

difference fromthe first sensoqr signal, the first

COMDRRENS> YRFFRIBIMeHARECTIRPYe; of 4 liid phavecensity of a diqyishilow

. ninet Lits | t
coRppt e B B Lo B OP RIS AR b e v
compoperitseimgtthe abid@aclon dhesfmaqltaedninglhedr AR adas

gas frequency conponent and a fluid frequency
catyisish ehthe makticphasaiflay swterist one liguist caarywyedusing oné onmore of
. lquid fraction. fromthe frequency
the?‘]é"ég gt%ggg%ﬁgé%sg%y tg(r3 hl%l}c{eﬂ%‘gl%e gas frequency

conpenenotig abhert bf tHednbtheguas %Yca‘kﬂ{%&ﬂ%gné)rises 9rog]gsséng the

determ ning one or nore of a liquid phase nsit
freppensydesnonde withpmeeortmare filtees that subspemisiy fréjeu oret efithakas

treflheay SRR PR o s okl GerwoRPRh g one or more
of  # f@SineHer YHRALHT Be thiifoduht b%é%ﬂﬁ%re%dtg:gmljgggss fgllt%Jing the

or a liquid carryover using one
frefmency iresponse with adfirst fittet ihgusubsfandally egjecth they@ls fespehey

aspect 0(51 the nethod, the breaking out conprises )
COIBP@F@%P @utfslt?éltﬁai@dﬂ?éﬁ?é;}hf‘r Buiddrraicnry ﬁo?ﬁ@r:mt ap@ fidtering the
. B H . t
el SR, Sk B0 A B i) B ncs

cothporyeait aad sibsemtiaip @atsedfthd s FRfUBALY cofBokiRakhAGiOME first filter
rises filtering the frequency response with a

conp s
outppisdhe flpid Eequengy cemiponenitandithe/sacend filtsr viputpathe gas frequency
cm% Sfygncy conponent and substantially passes the fluid
equency conponent and filtering the

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

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

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

component, determining an overall density from the frequency response, determining a
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frequency response with a second filter that

substantially rejects the fluid frequency conponent
wand7gabgganti al |y passes the gas frequency coRpOUSmI0G/031713

wherein the first filter outputs the fluid frequency

conmponent and the second filter outputs the gas
gasfdeasjtie froy the mpe freqtendyrcopgionany dhermarpe atvoad fra¢teon of gas from

net hod, the determ ning one_qr nore of a void fract'%n .
the deqyaacygiespense gad @ne & &qre AL ifegyency QmBRIeRy ang,the fluid

| it . . . .
e e 5L | A48 L ARNCBRE AT v o of e
muftiptigd &3ycyracio M diegds deesitg divdtiedpy thegagralDagsitgnt

density fromthe gas fre uencge conmponent, and

cal Buysimnpigenaspsrigoftha angthed, dhe mrthoddugthereqraprases dgtermining a

£ 5id densityen o e
magy 0 iR AW A R e e B s BT etbmining at least
on&OMNPARE Mowdeigpdnent hiasy 8hd 88eddadIflows peabomdnt nheds using the mass

met hod, the method further conprises breaking out the
fradtiascpnshiby mass fomstaté.nt o at | east a gas frequency

o B anp Beaseet St Do maet M parRl Bk eERA O fhng the
fre%gén%gf oS RIRDAROS sh¥arkd @ HAR YIRS InsEAHEEEMNg the scp]lgred

mponent, determning a voidfraction of gas fromth
frefuegy eesppnseopEnsmiaadubsienttllyrinstentehedusdlayastream density,

f t d th luid f t
COT TR e SHPRRNGFLE Trse8ienPaict Aok SHPET e, 4 [FRBEES Bhe

| | . A .
oot LR M s el @l (R AR BARION of the gas flow
matdrial Bed apkdiettrniihe] hapiitiadndity thaeis repreperitatbee of a liquid flow

determ ning a nmass flow rate of the flow material from,
fragtian, apd datshnining one AL MosR a1 4 HduidHlow AmcHen Peagas Jaw fsaction
frod irst fl.ow conmponent nass and a second fl ow
OFoSSHBR Ress using the mass fraction and the nass
DeEéﬁ%‘(i&@BPthéBrWﬁl@npt her aspect of the nethod, the
nmet hod further conprises squaring the frequenc )
r esfbasame ocfgrenee atmbar sypresenis the sapoe pleyent op @ﬁé@%wmg&

B Rt ASOHER b, SESPRARE s 2

CONMPHE] @%ngstenﬁéféﬁ’%le%ﬁiohﬁlslfa}fgdrg BlanetielithbAVShe GRdntion.

density to east one o redeterm ned gas density
t haFIGs3 rie pritsedtaat o0 @ nodthad gf prédessing racnsamnsighaltihea flowmeter
gas, flow materjal and a predetermned |iquid density
acqopgingite ap spbedapenial e BIVeRlR.qui d 1 ow fracti on, and
det i i . i Qi ' ) .
gas %? 5 '{l/]v 5%83‘?},3 ﬁétglﬁ%%}&irﬁgc%%érﬁgg##g é(ﬁ hVbbafkhdR s He Bvention.
FIG. 5 is a flowchart of a method of processing first and second sensor signals in

a flowmeter according to an embodiment of the invention.

FIG. 6 is a block diagram of a portion of the processing system according to an
embodiment of the invention.

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

FIGS. 8 and 9 are block diagrams of two independent branches of the analysis

block according to an embodiment of the invention.
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Description of the Drawi ngs The sane reference nunber

represents the sane elenent on all drawings. FIG 1
wobkbargkziages a Coriolis flowreter in an exanpl ecofustine031713

invention. FIG 2 shows neter electronics according to

an enbodi ment of the invention. FIG 3 is a flowchart

of BHIGetibol afpgwecgmsirnm desstysplotsofjmapicksoffi sensor signal of a

fl owmeter accordi ng to an enbodi mnent of the invention.
flowmgterangden parmpal CoRBLiens.e| ect roni cs according to an

STDRRETE 0 o1 Blys! D ITHNUE Hoh OBrm ik kSt ltc?‘fﬁ@@frgl@{phase shift
a net hod of procéssing first and secon ensor si ghal's
embddigndntownret er accordi ng to an enbodi nent of the

invention. FIG 6 is a block diagramof a portion. of

t he FHp obkshawigths paelypis Miedy 9t the 1aslsphastduft peodignent.

t hegi v i Fl il ] her .

PSR LPMPE pF s RSP B il HipBolg o e proran
whiRUEMiRMi frEretS (A8) ek & qatkiddoagdsrddl agr ans of two

mdeggndent branches of the analysis bl ock according

t o HFGedtotiomsrthe gheten eldcirpaiesi assording ta @nptey eghweiment of the
. sBﬁctrum density plot of a pick-off sensor signal of a
PPYRret er under normal conditions. FIG 11 shows a

HUbeLE. 15 85 bR IR AEE %Qﬁélﬁ:%ftr@sﬁo'iﬁeﬂo? alre fdrhPaeid, and for a

shift enbodi rent. FIG 12 shows the analysis bl ock for
combmediangfleidohixs@ es torf 4 flenbindiuding entf@iigd 4i8. shows t he

sen rqQcessi ng of the inv i qn_as. conpared to.the .

o1 586l 35 arosharhol frnediod o SReBRining B dapon Of gas in a

' cq{m 1 t r:oehec i

ﬂog\?gg?tgﬁ %lg 0 gg gtthﬁégdrg% e r?bé)h i rre%tt%r 0 8(t) e r;[\(;ealt?i %ﬂﬁ?&ﬂéﬁ%nt of the
inveatibs. a graph of flowreter frequency responses for

air, for _a fluid, and for a conbined air/fluid mx .
(i . EIG. s & flowrehart Ak puaethgd dat Aeieraining a)voig fgotiep of gas in a

s A AL S8 S o

invehfispet er according to an enbodi nent of the invention.
FIG 17 is a flowhart of a nethod for determ ni n%_a
voi &16r a8tis enfrequapey grapla showing low-pass and high-pass Tilter responses

that can be used to break out the fluid frequency component and the gas frequency
component according to an embodiment of the invention.

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

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

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

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

embodiment of the invention.
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flow material flow ng through a flowreter according to

an enbodi nent of the invention. FIG 18 is a frequency
wgnregh2sinew ng | ow pass and hi gh-pass filter reepwss®s/ 031713

that can be used to break out the fluid frequency

conmponent and the gas frequency conponent according to

an ElGho? rient flofvchine dfnw emdthod ford@erthhing aanfasovicietion of flow

of a nmethod for deter, n@&g a void fraction of gas i

compenely it ar il rPata Bigghueh o dnElP MM A°GPTigne to an
: is . of the invention. FIG 20 is a graph
em%gdlgﬁgg?gﬁgflﬁ?%lro requency response. FIG 2 1 ig ap
f | oRflhal4 isaf flewoieirhofla hrethatefoe deieninitgng artamsd floacfradion in a gas
of flow conponents in a flow material_ flow ng throdugh
floy maewalt Bpwarg: dhenugh o llaWmsigio PeRrAingo o #k embodiment of the
in‘)&;{&pt!on. FIG 22 is a flowhart of a nethod for
GeTer mi ni ng a mass fraction of flow conponents in a
f | opieL®hd al grhplewWfngtdral gatgleritlyl warsmt gycalcpateitage (De., liquid
an_enbodi nent of the invention.FIG 23.1s a flowchart
flowffractiond.-nod for determining a mass fraction of flow

T onRiECeS BTl PA Tl ALy g s
eef T BT O RO JalR ik aruRE 6 ) Stginent of e

invehtionigh a flowneter according to an enbodi nent of the
invention. FIG 25 is a graph of natural gas density
ver EIQ. 37 yxalflqreshasnefag methodeof pracgssineg sensar sicaelsi o flowmeter

Fl 6 is f.l h f a.nmethod f det 1 Ni
aoqoFfaE 40 £ SWOCRLBERGH Y GAE [ ow mat er &l {1 owi g
De}ﬁie@lﬁ&&iﬁt%:dﬁwh%fm%méﬂi ng to an enbodi ment of the

Invention. FIG 27 is a flowhart of a nethod of
pr oFESSi hg7smdshe follgmapsieseripion dapistspecific caanipleg to deach those

skiﬁgd qud%@ngg{v, %&n&%eﬁw ﬁseegt;aleg%at gﬁtgg ;olg &9601‘%%%13{1&@ | or the purpose
of &RAloP 11 vRA 08 PrkipiBE FoldeC cSHRAMRbES dBeliS At el BiRRCsimplified or

omitted. Those skilled in the art will appreciate variations from these examples that fall

within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

FIG. 1 shows a Coriolis flowmeter 5 comprising a meter assembly 10 and meter
electronics 20. Meter assembly 10 responds to mass flow rate and density of a process
material. Meter electronics 20 is connected to meter assembly 10 via leads 100 to
provide density, mass flow rate, and temperature information over path 26, as well as
other information not relevant to the present invention. A Coriolis flowmeter structure
is described although it is apparent to those skilled in the art that the present invention
could be practiced as a vibrating tube densitometer without the additional measurement
capability provided by a Coriolis mass flowmeter.

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

11
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skilled in the art how to nake and use the best node
of the invention. For the purpose of teaching
wonveeene princi ples, sone conventional aspecPeThaY®6/031713
been sinplified or omtted. Those skilled in the art
wi || appreciate variations fromthese exanpl es that
methirismi 1180 tenipeeatssopesaf 1 %0hend apairtdforlocificsesaskil V0leadnd 170R.

LGB PAHS 4 2B | BB BT O\ TP Sy SRS A 11 fiad oudet
leg¥834ahl 983 Which® ’v&é@ %W%s eﬁ@h StheL S dw tﬁﬁéernountlng blocks 120

Pnvention i s not rintted to speci fi c exanpl es
andl@3@r iFhewcl tlhi&lsd\BO dmidt 130hbsndoat ttvbesynilmtﬂsaldnchttdme iatong their length
equi val ent s. shows a Cori

and gAY Rl eV i Bah Taee pasI DRG0 erve to
13196 th%&%rww L¥odiQvhiERRA ﬁoi\;gf%lﬂ@gssﬁﬂlé ?é’v rate and
ensity o

a process naterra Fonics 20 is

conmae R} (b8 ML, 48 18grETR, ¥34'G oy hibed$30@8d 180" are fixedly
provi de den3|ty, mass flow rate, and tenperature

aﬁaqlﬁdrt@ﬁpmwbemu%@grblws 128 apd| 1205and;ihges bliogks Amitrnosre fixedly
attgg %6) S| eva@%& ﬁ; ‘Z"E]@rpr%w od %?ﬁ%t%ﬁqg? cio%eh Tnaterial path

thrdRPRCBAbIIS thetdiasserallylloed in the art that the pr esent
i nvention could be practiced as a vibrating tube

denéﬁflneatrlﬂar@estB taodtl 08 h davindiholes AR améa]ém awwonnected, via inlet

eng A DE and,bileBid T e ateseRh it ot SRS Rl iiseyhs ocess

| d f
el 885 pORoRUpI) Bsh d ILa1gs MR A v

108 fengc heAissoondiBéied tleopgh atanifel sE5(str flde mubeamduﬂtmgb}ock 120
of vel ocit{ sensors 17QL and 170R Fl ow

ub
having'a welpee {ab digipmanifold 499 thegnaterial ’ét eé a&é 10% through

AP R Lo B 80 R, S Rtces 10 RDAR, Bfopsty materal i

recbideDin a §TheW siteb@switB aaefold Q5 0heidds &ﬁeréélﬂibr routed to exit end
yrmet rical ocations along their | engﬁ h and are

10é'sepmnedted by ﬂ@aga 102 hawj hanles 1 G&ite theprgeess liBnea(a@t shown).

o boniow R Lah e PENE seBelsgan RpbRpried miREY e fow wbe
m&ﬁﬁmg bBIecksand ahd4201}¢as 18Thabt SubstaRSly 4RO sAAE mb38. d1sﬁ*ilﬁ1t10n

fixedly attached to fl ow tube nounti ng bl ocks 120 and
mdaéits afithettireael Woooks quuhlswtbnut anelig soced| W--3V taad WEd-W',
and 150'

re%g%% Lﬂlgﬁse.@ﬂ% i Fep BP&E@’% @F&S% ' dﬁ%(% ad g‘?‘i ﬁf&ﬂosglilsuch as the
Yo}lglg sWeRuid é‘f‘&%sﬂoﬁ@ﬁm@? i tw1tlli‘ P Ael 654 ﬁlg cﬁ&%g affects the

are connect via In 104 and ou

caltQtitioh ff flosv piddasity] fesidti¢e timshatury detbstoh(RED) i 86 isttheunted to
process material that is being neasured, materi al
floshiube 4 38ntp auuingpuslyaneastie the Atuss Obfherfiqve tube. The

temperature of the flow tube and hence the voltage appearing across the RTD for a

:_\QZA

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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101 in flange 103 is conducted through manifold 150 to

fl ow tube nmounting bl ock 120 having a surface 121.
wo20dTion21mani fol d 150 the material is divided ardTrsmioed31713

through flow tubes 130 and 130'. Upon exiting flow

tubes 130 and 130', the process material is reconbined

i N Bothifltgh eubet 180mmdi1B01 are deimed by drivs018Gindoppsite directions

thereafter routed to ex{'jyi (3({1\?],104' Cﬁnne ted by fl nge o
abowptheinyginestveberding paes Yoznd Woandat W %fcléi%m}q e fjout-ot-

o ', . tl .

oneEb Bk B R PR &0 o ChspEleR g e any

onelafinantwil ®nowa aasmpembatesighibs taansgret inounteel todimw tates! 30" and
di stribution, nonents of inertia and Young' s nodul us

an eppesingreianagntast se foyiinhe d 3 Wendyhroagly edish A glterqeingcurrent is

pesPE SR G AE AU, LB iy e
cleQPRREE20Mid1he TBS! Rt dHive madtdnishi $8@hange affects the

cal cul ation of flow and density, resistive tenPerat ure
det Metasrel¢arDbics LO0ep e verntha tRid temperatnre sigaaligplead 185, and the

SETIETE s e i e
ele? e %@grcﬂﬁﬁ&sﬁet&ﬁe@?@d Qﬁpeﬁriﬁ%‘bﬁfleé@[g% drpAsékment 180 and

er et ugh I's governed by the tTenperature of the )
vibratt erbieall 3pandilag'. tMeteuglectrheics PO wroassses thihkeft and right velocity

. tenperature _dependent voltage appeari cross t.he D .
sighgs BSaa R B SBF Lk AOHRTIEOR BBy ORGELrd B ERariPoal 0g materil

h i ast.j I SN
pespfhg TR G bRy F " S SPGB ofer nformation, is
applidaeyt BefRe erRttogics 20 @ vEITpath 96 ¢comtiticatésh meamsed%er

el ectronics 20 by |ead 195. Both flow tubes 130 an ) )
130F1Gy 2 shirysmateb plegippies 29 90cqrding e i anebasiumsnt pighs invention.

about their.r ect.i ' 3
o ST SR PP SRR EGp AT MRl Sy 205, T
metP1dhOMB B reciPeSTME hivEsdPoal atsosikBAls FR)m Citaiictes @ssembly
any one of many well known arrangenents, such as a

10,rmmghes prokofitedodity fensw sighsds. 1Blge mgied ebﬁ‘?tr@pi?é Qior@n(gmerate asa

moynted to fl ow tube 130 and throu whi ch an . 4

eGP FietsE g CERPEIES P00 PR O ey T R RSBk s Coyiolis

flofRfs: ThelblPBlcBubhicl 20 Hab%esife ARPUEedTRARY signals in

ordéeteobalrefitw ehhamste?iBticeckthe dow mateRRED lowmethaoughethe meter
signal on lead 195, and the |eft right .velocit

assgmphall & Eppeeaannle, A melsirleotesic ng%ﬁ@%gﬁ@e? pyIye of a
ol Bl R R B el I i Sy s and

voludkeSowk 3fedith HaDsensdbdignalg | fecexamnple s 2 Bditionesthesflowe

left and right velocity signals and the RID signal to
charectpuistécstdan termingd 2ogoediagtp thednvion: T herdefeyainations are

disgggsg{i lbgiow.

- The phase difference determination and the frequency determination are much
faster and more accurate and reliable than such determinations in the prior art. In one
embodiment, the phase difference determination and the frequency determination are
directly derived from a phase shift of only one sensor signal, without the need for any
frequency reference signal. This advantageously reduces the processing time required

in order to compute the flow characteristics. In another embodiment, the phase
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passi ng through neter assenbly 10. This information,

along with other information, is applied by neter
wehermeongcs 20 over path 26 to utilization nmeadas/u006/031713

FIG 2 shows neter electronics 20 according to an

enbodi nent of the invention. The nmeter electronics 20
diffesenderis dendeedafrommlesé sltiéts 20 botrgnsonmigals sihite thy dtegpency is

203 The ter c ni cs recei ves _first and

derdyedsfs 8RB @%’?a*ﬁ‘ﬁ PG CHS Hereaseshearinacy of bathdhow
ch@gctRhSHQ! bhd g%tﬁc‘c'aﬂbe%%f&&ﬁneﬁ' A0 ﬁtste-fmttﬁé rior art.

el'ectroni cs can operate as a mass flowreter or can

opefTat @rias art fekemsndyodetminatiocingtiody tyypealst takg 1e3 sevonds to

EOI‘I olis flowreter. The nmeter el ectronics 20 processes
perfpran {1 snieash the Eameenes detsrminagion ascording Wdhe fry cpiipnican be

pelff{)]%&:%aé[sqﬁﬁgr %'n%ﬁls%én%lfcﬂ?ﬁ% .° vgﬂ?fa%férEf*eqfuk{fwe@&ermlnatlon is

he I’TE er asse or exanpl €

cortk art@dudéperzcﬁng an tiketype @ha eonfigurationof ﬁleqiroeespimm'stem the
difference, a frequency, a tine difference (Dt)
samaplirg raje ohthendrativas resnonse, dhel filfer siremEne desimpt @rereft@s@ gic. At

sor _signals. for i tion
tnd e e A Stoa AL I s el e Bl o the
invieRBoh QY€ BE hBBut 4T EmEEESIcPiRAlthe PHioRkR. di scussed bel ow,
The phase difference determ nation and the frequency

det a“rhmmlarﬂawz@} mcmycchtlfmnwr sagrdﬂ fitone one ofithet el eoity sensors

t ha n.th rior
1706 end a8 iere eedrlhdud it rikoniErpe aF e bestot an
r ﬂl@ﬂt om
ne%*%%‘%é’i‘%ﬁ?ﬁ“%?&“?ﬁ AR aﬁ%hiis s
ampi€idatian, bafferihg cefoe Adternagivelye same or gliaif theT: hgﬁal cond1t1onmg can be
dvantageously reduces the processing time required in
Pelif?’@é@ inothe GreResEng FEstemai3char act eri stics. In anot her

, ?ﬁ F%B,oiihg cfnt@mgee%lf &ﬁ{ %ﬁ%ﬁ: v%oﬁﬁxﬂﬁ{ik\éﬁ&rxsf E&We&bﬂﬁ:emeter

Sensor~si gnal's equency 1's

ele@ﬁbhﬂ:@ dofahaexerhyl deRRephBEE irB8ifide 20105l be cHpbble of any manner of
i ncreases the accuracy of both flow characteristics,

elegiranisoopticsdhrorpEirelesseqommunicatieorh f aster than in the
t rior art erm

pri ﬂlgggrrltteglfﬁg% zﬁ) fyl ?réekeénlioc% e g C pf gt\?élél} 921}5#@%02 wherein the
serfs%P LioRgt eorﬁmsefs raﬁ%%gxéeﬁﬁ;r %fg@i‘aﬂ arh@alga%? Q@Q @me&staﬂﬁ digitizes

I nvention can be performed inmas little as
thendrlal o smoodisigateind pevdives asligital serequeigogl. dEleecllg;ttzar 20 can also

Pt ARG BT SESe S By bieate TRl s fiptimaigd in order
to {%ﬁﬁe e élﬂﬁlﬁ’f'oq 'S apﬁ%lceé's ﬂﬁd a@%?o fe'd#ﬁ:éefhe r6€ecs81ng time.

deci on'r et C. requ
The @eemtdtivat widhbe aﬂseussédnm meteealetall Belomoni cs 20 accor di ng

to the invention can be about 40 tinmes _faster than the
pr i dhegrecessing system 203 conducts operations of the meter electronlcs 20 and
processes flow measurements from the flowmeter assembly 10. The processing system
203 executes one or more processing routines and thereby processes the flow
measurements in order to produce one or more flow characteristics.
The processing system 203 can comprise a general purpose computer, a
microprocessing system, a logic circuit, or some other general purpose or customized

processing device. The processing system 203 can be distributed among multiple
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The interface 201 receives the sensor signal from one

of the velocity sensors 170L and 170R via the | eads
w7218 G 1. The interface 201 can perfor m aQy/us2006/031713

necessary or desired signal conditioning, such as any

manner of formatting, anplification, buffering, etc.
prodédsirrenddviass] hegwoeessingalystemf 2Bheansinglude agp nuinpeoof intpgral or

can be performed in the processi stem 203
indSoRTICE RN SCHMEC FIRF BEQ DD PG R S eSS ORIt | ons

bet ’Y‘ﬁg rc}c ?sng %erﬁ 98 (r QR &5 s@?gr Sxharng 1n%@&érct8$1etermme

The". can be capable o manner

oneednembfd)ﬂd)\@ chepkiegBtics fomihe abreses sipaah2ir(. cEhe ome ofl' imere flow
interface 201 in one enhodi nent |s coupl ed

Ch?d@‘éiﬂtlfrtb@é capdmlughephise difercaen sdreaiegaaa fél@ﬁﬁ‘#fil}%régcea%t) 2

ens es and
ma&%@ %%% cﬁgr %%g%oﬁé\g%dﬁéﬁ& g pr ogpé uces a
di gir Ble HEitERest Mok, tHrotksgink Feten?0@3 desrmingsthe flow
perform any needed deci mat i on, wherein the digital

chayactessticsifymalthd evaisansensipenls A1QaaéR 1 end élvau%@g ﬁénsor signal

A e R T—
anwfeefr&fﬁeﬁé ¥ B8l ﬁWth@%nﬁr%ﬁg@ﬁ%‘ NG aﬁ‘b(ﬁi 161”&&9@6 %ﬁ@@ﬁﬁ@se shift

operattons of the neter electronics 20 and processes
213.| Awareasteithemnd Srst voseddnd phasesiefted sesoresighgl (sach ahene of the

processi ng syste exe tes one or re, processin
UpYESHY Flod0 %ﬁfeﬁ%l?lé%?&ﬁ 1 G810 REPR5t) Bt BFesearipg System 203
acd]ogdﬁgqg b ﬁv@ﬁt‘?&ij&t HetdRfife & hAYCHREARLE ﬁEc‘,]Lfe%cy, a time
rocessing system 2 03 can conprise a gener al
diffdtedes@ty; anplk ammass flove rapfaahs Songmatesinem a | ogi c
circuit, or sone other general purpose or cust mzeic%Ware

prodés §tqas@geuwtqm 204 gan plotc BRWMSEEr PAEIRGHELSHI
ro frncsej%,r g)g]]lsj‘%g ) g? %{1%&&5&' %fu%? egrgbﬁ]é}erggx&%ﬁﬁlt tﬁ@ §torage system

manner

204 M@ AlroftindstHSRE S destut&d l?}@ﬂfe%b&s%lgfs@genﬂm Ul one
such as the storage system 204. The_ processi ng syst

embOdimmericths smragmsfsm 20f s@ur@srmphm (smfwoyme ﬂl oA phase difference

oSk, L8R G B AL Y S B v

ch @t@ﬂgﬁ&rﬂoﬁﬁhgmgan i ncl ude a phase difference, a
requency, a time difference (Dt), a mass flow rate,

andIwonaemhdodimagnt f the stdreged slyxstmm%/é stioads, vafrxableexmﬂqbtceoperate a
In th nbodi t.sh , th
R P S HEneS 56 XTSI BEeEs | P SLPHOmALR JDhah one
|
em%%ﬁﬁﬁ%nt%koqgﬂ%hgo}% %g Iag #%eeﬁl%g sdrf36r sci%-gzg ﬁosa‘iﬂstg% gecggﬁ sensor

ase r ocessi system
s1g‘ﬁ@l Ellmvﬂﬁc}ﬁhrd redéited ﬁ@npﬁh&%ldﬂ:it&f;ﬁdﬁl&jfﬁ gensors 170L and 170R. In

addition, the storage system 204 can store a 90 degree phase shift 213 that is generated

in order to determine the flow characteristics.

In one embodiment, the storage system 204 stores one or more flow
characteristics obtained from the flow measurements. The storage system 204 in one
embodiment stores flow characteristics such as a phase difference 220, a frequency 221,
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.
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and the frequency fromthe two sensor signals 210 and
211 and the single phase shift 213. As a result,
weiodran2iasfirst or second phase shifted sensor per@sal06/031713
(such as one of the upstream or downstream pi ckoff
signals) can be processed by the processing system 203
acc@hdiphgset shift heutine\2 2t peoforing adiddagreoplist ahifi o aminput signal,
. phase difference, a_frequen a ti di fference,.(Dt),
.5 R P SRS PRSI PO FLREPOFEs S HSORIRR Hotetiefm Gﬂﬁélen
: : gyyrreter par aneters and
1m§1§§%?95§a()§%’1§%1??aﬁ%‘é{tﬁﬁggs’éﬁ%gﬁgtgfgm “val ues, and variable
val T&s phhse differepobeostitireritls deéanshey apleass ykfferrn@ddsing the single
i ncludes routines that are executed by the processing
90 dogres phasesshift B 13n A dshitienal infarmatignecas: Hsahe usssipaperje compute
<l of o5 S . . ' .
thesBbF Bty ll” etk BEHALALE e SRRy EbbERATrom the

firflisbh®r epeal 1 ¥, khd Suébhd 8erdby sigahl2 |, Bh@he 90 degree phase shift 213.
characteristics routine 218. 1n_one enbodi ment, the

The deteamineshhnsedifferenneman desiared i & nheseidifferenrer2@0efghe storage
fl ter, h th iqglis fl t The .
sy Sy elhe Wisoat SRR HeoNEeR AT insUah Si.2 P sBifa13. can be

calttiafe@sndt cﬂﬁailﬁédz ﬁiilfﬁ%‘v\%é’ﬂ thih $fe P aBNATHiH @a@ﬁﬁﬁf’i& a critical

sensor signa , ich are received fromt
differbna inylgvmktef fpsleasonshdviog highdldw 0&es bnwihed mbirphase flows

oy i 2948 00HEHE IS ENETSREAaP fe dFREm Sy HUEEFAPRGhe frequency
of LW SHARARHEI Y LESLL| DIAREIRRUIRE ke BRROR

system ores one or nore w characteristics

detebhirieddflddpeateritheof the ireteasty; enenos compenett dn dgephase difference
system 204 in one enbodi nent stores flow kK . .
doesantdaelade ap prer seraponat 8f Bivsqueney deteppination, i ¢, there is no

coRBHIRE g sl bbb RESRE i R B L e
difedrbnctedreorTh ReFhcbd 60t 16hA6 AsférehéIBthe p20r Ahe phase

~shift routine 212 perforns a 90 degree phase shift on

an ilipdtequereyaioutine 816 determinges adfiesmenay (pigh ap it exiibited by
e REE ok el 51 4P hoB SRS B LTBLATEYH e

sl 88 1O AEARSLIFS, AR et cn) or

storadecaysten 20d.c@he flequervy, whex determinddriram thosipgled Ot phase shift
hase di ff?r ence. The phase difference in on

21&msadieraiulated epdphiededpeeh taver fhansp theRder a; Jhis can provide a
0RO RS RLANAL 1 1909 bR ARt phae

floke gekar.ed i n the phase difference 220 of the storage

The time difference (At) routine 217 determines a time difference (At) between
the first sensor signal 210 and the second sensor signal 211. The time difference (At)
can be stored in the time difference (At) 222 of the storage system 204. The time
difference (At) comprises substantially the determined phase divided by the determined
frequency, and is therefore used to determine the mass flow rate.

The flow characteristics routine 218 can determine one or more flow
characteristics. The flow characteristics routine 218 can use the determined phase

difference 220 and the determined frequency 221, for example, in order to accomplish
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system 204. The phase difference, when determ ned from
the 90 phase shift 213, can be cal cul ated and obt ai ned
wouedt/okagger than in the prior art. This can pPOYiUS2008/031713
critical difference in flowreter applications having
high flow rates or where nmulti-phase flows occur. In
thesedati difiamm] flovechpraseristickf & shookl bamndzestded dratddigional information

i ndependent of the frequency of ejther nsor. si gnal.
may p reguitethior fisse g7EFIinNgHERY SEC ﬁ%thﬁH%%Sésf@W fat OF ey for

exa‘ﬁ?l@.r e ?f%.v} El‘?a%ﬁ’&&%ﬁﬁts L¥ute 3 1€cdn’ GRRY a n@l3s EoFPfate from the

conponent i n e phase di erence does not 1 nclude an

time rdifferea oo 02, Mid threfdre depne tioypldse différamde 290, arid the frequency
there is no _conmpounding error in the phase differenc

22 e Haeifosprava fordsisavpiag mnaps foperaihisedvel 1 e Raisng Noos-027,662

- to 'jiizlg(xf? éjtlﬁ(f.e gnc(l) Yselhcﬁga?%gg‘(gli%e%{e f?}élree[f&@ngé. Tlﬁ?mﬁﬁ ﬁGWQ'%fe' is Iy]elated to

requency 1o m nes a frequency (suc

theafads TRdw 68X AbW the@ribyinghé hestertddgerhbly i, Jeikewisesthgritdw
210 or the second sensor signal 211) fromthe

90
chegragjerdstiosmanténesl & cancalsn detpemineths density 224 egdasdhe valyme flow

b tored in the frequency 221 .of the st S .
rarg 035 e etepird oy S S e BRI, TRl ARSI g gptored i
theRRASEIRP it 223 3the GoRsiRE2 LA LR RSluRB D28 Ah QerdBeGH stem 204,

faster than in the pritor art. This can provide a )
respedtivietyal Indidditéoms tlueflow chamsteistics eqpbd tansmitisd baoxtaal devices

r}irgh fl o¥v rates . or where multi-phase flows occur. The
by theraetst eé?@ﬂ’c?ézgt)t) routine 217 deternmines a tine

di f e i : i
e 5 5 Aol B4 kot R BIAAA  fomete
acdoliihg@e an bmwidoned dfthd eehfiore Ih fiéed@hake (1Bt )and 22cfd sensor
. the storage system 204. The tinme difference (Dt)

sigaalaere ge@@lV@dbﬁﬂlﬁ A SLHengorSignad AL FHPIAE ﬁ‘dﬁ% én JPYireasg or

by the de ] f uency, and is therefore used to
do‘é{é%%"raﬁ‘? H’é’kgﬁgeﬁgoggléq%gw r a%/e. The flow characteristics

routs §iep 398, hieReskdk eigihReafbe cohditioned f IiD¥he embodiment, the

characteristics. The flow characteristics routine 218
condiitionisg cah éncledefiligningitopemeae aoist and nosvanteg sagpls.hi one
eterm ned equency 221 or . exa e, in porder to
erBE B Sh HEERESaaFORBsF RS STl ne BT Elrolfi the expected
ﬁl@&ﬁiéhgal I?l%gg&?%’ §Ftﬁ9 Holhidte@ Al dddRIVH, ottt ebRdtibAIMgBP¥rations can
e requir r these determ nations, such as the nmass
be bedformed, sucht aslamplifiggtioing buffzamgletc. Ifitlee $dnsor signals comprise
characteristics a:?&%%ne 218 .can determ ne a ss..f .OV\{. d
anglgg signalsniherier ¢ P} GATBPISS oy panss of sagplipg digifizgtion, an
' : f, 221.
deliEph MiarPhE Gl chide EERoAME ikt LR SIRMTEL |
U. SIn Kep 808, Neingle, IPdegb€phiase Fhift Bweatrasdd, B0 degree phase

i ncorporated herein by reference. The mass flow rate )
shifisconapriges @ Q0degree phasé shift of the sensor signal. The 90 degree phase shift

can be performed by any manner of phase shift mechanism or operation. In one
embodiment, the 90 degree phase shift is performed using a Hilbert transform, operating
on digital sensor signals.

In step 304, a phase difference is computed, using the single 90 degree phase
shift. Additional information can also be used in order to compute the phase difference.
In one embodiment; the phase difference is determined from the first sensor signal, the

second sensor signal, and the single 90 degree phase shift. The phase difference
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the mass flow of flow material in the nmeter assenbly

10. Likewi se, the flow characteristics routine 218 can
wabhew/odetier mi ne the density 224 and/or the vol pag/uSkmen31713

rate 225. The determ ned mass flow rate, density, and

volume flow rate can be stored in the nass flow rate
cor@p8sestahghade dififargn@2id, tharespotse sigialve. 8% witkeffieensor, that is seen

st orage syst 204, respectively. In.addition, the
dug fo gﬁ‘é’r‘i’ét"i&?&ﬁ the Vﬁg%l%n@?éﬁé?ﬁm%ﬁg to external

devi : Q4 : j

11 oo e (e EERS LR Rl & amy freauency
value iratHel cabemtitéon. dfieoregltigg phasendiffehande cambe obtditeel much faster

inventign., In step 301, the first and second sensor,
thagiagehese difecnecealdaed ppiagp; fraqueney s bhe sgsyling Rhgse difference has

! . - ¢
2 of QB0 oEl il AR ERT Ao BMITEEAR LR .
be wofdp BOSNEdeqhéhcoriecanpadi mahe frdgben@oasdvtdiog tdithe invention

_can include filtering to renove noise and unwanted
is afivgntageousiyicempuiedtitam thenl0 degiee phaseshithgThafiedesnsyiis ene

emp Rt an tr PBlBmke e S THE PSR crey PofiPE ety gfenal from
whdH@e 90QR@tdd s O ghieie dativan Sm@ﬂe@@exﬁgﬁé Q% B ehiorfl 8&sponse
as anplification, buffering, etc. I'f the sensor

frequgnral of cnemfithe Grshnetsoysighgiremidshe s¢rndtsepsar aigfali (thé drequencies
onpri se an nner of sanpl.i.ng, digitizatio d
of R ciaERon SH S PURR GO FHapAGoDY obhsaeauency

g . . . -
cofpRLil SRUSRE B ol 1200y S Lp L8R, o g viorin
geindratetl byahpdiises180.90 degree phase shift of the sensor

signal . The 90 degree phase shjft_ can be perforned, by
any Thadieairerdy thya derixed isobiaieethivithavidhe sged Earjagy ndgpendent

o PS5, AR SO
shift i@l sperdtibnStheiis 3kch fastehias il iHd @ienee The fRORMEEEquency has

using the single 90 degree Elhasg shift. Additiona
a greateravatiiacy thame Geqeenss calsatitechinghg @tior 8ttconput e t he

h di f.f .l di - th h .
Gt FFERALS, ERtet SR AR A A s SPRaBEs g g flow rate s
co%ﬁﬁteﬁ%ﬁ %@Fé@ﬁﬁfngﬁigﬂé@ﬁiffe?é?@e tahe tfd f@ﬁﬁin%%&ﬁﬁﬁ%ﬁcomputed in

ase shift. The phase differenceconprises a phase
stegs B04nedd@5.i n additiorshonmsss Sograte caimputatiomcan @it fa time

.sensor, that is seen,due to th riolis effect.in the
differemee (MY TREY e phates ) anéﬁéecﬁ%@mnwan‘@ﬂ%ﬁ&s%me diftrence
i ' 'ngﬁg A t eed for any
(Aﬁrb Sar%;ﬁ@@%? blg&liﬁ)r N C%rﬂgu gstféi %(?va?allﬁ'e resul ting
phage stdh 308 tecnsigncdcomivhallned deteetinedls tBie density can be

determined as one of the flow characteristics, and can be determined from the

frequency, for example.

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

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

invention. The elements in common with FIG. 2 share the same reference numbers.
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than a phase difference cal cul ated using a frequency.

The resulting phase difference has a greater accuracy
woheot/0a2iphase di fference cal cul ated using a frequasels/031713

In step 305, a frequency is conputed. The frequency

according to the invention is advantageously conputed

f r OThé et @latagnias A0hashis ehitotimditdnéludepthn dirst sensoresignal 210

enbodi nent uses the 90 _degree phas hi f dth
and e SeePOTNIY SR oA Lo TR BTORFIRE SHEH 2080t siegpe frst and

Secgﬂ@g‘ﬁﬁ@@ %énsiois si %fs\g?@ -andg 4 fil:l %gd{? RG Yetefmbhe ¥ @rh&RH ow

‘res requerc one o irst sensor signal

chaaideridtie s See0 ik ﬁ%ﬁﬂ@r Asipghvabusly schigsedtbaohesr afort flew
two sensor signals are substantially identic

o
chaspaertico syn inphede 2 plaseshilferenes vi fEuBienCX;iad#ae %fﬁ%gnce (At), 2

frequency._r.espon I 110 a
may] APUFREYR JERARARIABL Do VAR G et whasiae

t hug, geleiitRdimsntaPb@in e prbédiing siylen2E0détermiasy the flow

i ndependent frequency reference signal. The frequencg
charsctetisties fieun bnlyrthe heosenigr sigoolsddgrand JHavdthent the negd for any

B PRy S50 B A8 U8 i
ref%x%‘fé}@e aghdie W?%Mc&@in%%&%ﬁldzd%%r&t&ﬁdﬁé aflehst thé pBiseRiifference

a mass flowrate of flow material is conputed.
andrtie frexmendt fronr the éwiosensmgigneld X10cmdi2id. resul ti ng

P B6 s FEoHogH B85 e TR M G S OGS § BRRY 0Lt routine
SPGB, ArtdhedhSstenee (B ghrotce o
rowdickefd7emncka €10k) cHagaotgristick romineI )1 SusHE dtoragesysita A0Hestores the

mass flow rate. In step 307, the density can
firss senson aigngl ) erd berpeend sepper ' spgage system 204 also

dot . £ ¢ o

s GEPLOR e G b 3 0P B e IR

germished Hidn ¥R ééH?offsJi@!li M @ deto dpdrhinettey/fide characteristics. As was
determ ned. The volune flow rate can be determ ned as

prel(cymusbf distusséd, she sioeagacyysieins204csiorea e phaseiséiferenes 22 hdbe
romt fl t densjty, f | e,
el 5 RS L0 Iy SRSl B 224,
thee\%? i W%@é %Qy_e i nvention. The elenents in conmon

W S

are the sane reference nunbers. The neter

el e@he phasessh2fd routie2 12 parfoodismedit dégred plokss shifeor An snput signal,
_ sensor sjgpal 210 and the second sensoy signal
incyrding pB s BTh §osPE iR %ﬂd&b‘%égcq o rs%ls%aﬁ 311 The phase
shi?tgr%g{e{?e o ol LAl A BEMRRN ﬁ?}?l%%eﬁts%ﬁﬂﬂm tandforh Y dREA&Ed below).

ernine Oné or nore
The phase difference routine 215 determines a phase difference using the first 90

degree phase shift 213 and the second 90 degree phase shift 214. Additional

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

much faster than in the prior art. This can provide a critical difference in flowmeter
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characteristics fromthe signals. As previously
di scussed, the one or nore flow characteristics can
wonaei7dzi1a phase difference, a frequency, a ti FeT/US2006/031713
difference (Dt), a mass flowrate, a density, and/or a
volunme flowrate for the flow material. In the
appivati dhseaiting highrflow hateponwbersimuyltislztse MioxGIcdut. elraddéson, the
the,.f] ow characteristic¢cs fromonly t t W _sepsor .
PhasE SHEPENES GRS TIInGS HSBEE Oh s bEsn T e eRsny signals
210 &&&E?P.Cx/%d}@@&e&lfﬁé&ﬁ‘ée 18 et dipidtencb & AGEGiHOd iﬁéﬁendenﬂy of
external frequency reference signal. The processihg
thesysfuent? G eran cdeipenaitrie tid phasa siiffedercpbasaad stffer #omen error

and the frequency fromthe two sensar signals C?{,’LO and .
companent 8§ thgfEeqiierty getsrpingfigp.icadgereif é‘%?%%’@‘@ Bgrhin the

RSy B e 05 o et ove
a phhgeedidfetdree enae fridr)art.outi ne 217, and a flow

characteristics routine 218, The storage Zﬁ/stem 204 .
st ol frequenqyrrottine ALo fetsrgings adnayugned (sHeh gethgh axhibited by

AR BB bt LD SRR A 2L R GBL P00
desl88hAGsiME 213 Bhd the fe8bn@DE de8RE ﬁaﬁhj@gsvrvﬁftqrm.t MResRAgMined

Sighals in order to determne the f )

freqhencyataertiestired in e fivapiepee?2 babthe stiregeisyséem 20Agas previously
. storage,system 204 stores th has i fference 0] .
isgHSetty QPRI Y M et T P B iR Cest By 91 ppase shifts,
r‘ ., .

ca B S AR B ned e SRS ity B 2R TP b Broyide s
crifital diiffereacphalewvsisid tapplicaions hpving diginfibw riateslou dvlrege orlti-phase

the first sensor signal 210 and on the second sensor
flogis¢§¥r-211. The phase shift routine 212 in one

enbagdi i . # ' ‘

pol oy T A ERAERRRD iV 20T bt hiRES F1e BRRURETAD betwveen
thePi@s Serdbf §i8hAM10 andithesdddad kermsvt sadzyr. eEhotingalifbichte (At)

213 and the second 90 degr ee phase shift 214. .
cannel storeshial the tifsrdifferenge €A1 220 o8 thestoragg syprepy 2, ag previously

R SR TG AR, L LD
divid& sy th%l&terhﬁﬁecﬁﬁ&?{%g%gﬁﬂ% 115drefR ugedlith. detd¥mind fhetmass flow

90 degree phase shi and the second 90 degree
ratphase shift 213. The determ ned phase difference can

be stored in the.ghase dif%ﬁéenc 22Q of the stor?&F

syst chagactifiriiss SpuiYF th & cansdatermupg ang qLgre of the mass flow

[ i [ ' second

S R L e

f asFe@. § iwanflowchdre SP0 bba nesthod dfprocessmgofiny bl second sensor
_critical difference in flowreterapplications having
signplgHn g iwmaiesaccording de an smborimerdof the mygnider yh stem 501, the

ﬁrs%dsgﬁstdr%{]gnaf 1hsereceived. In one embodiment, the first sensor signal comprises

either an upstream or downstream pickoff sensor signal.

In step 502, the second sensor signal is received. In one embodiment, the second
sensor signal comprises either a downstream or upstream pickoff sensor signal (i.e., the
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

20



10

15

20

25

30

phase difference can be determ ned i ndependent of the

frequency of the sensor signals 210 and 211. WNbreover,
woecmgei18 he phase difference is determ ned PCT/US2006/031713

i ndependently of the frequency, an error conmponent in

the phase difference does not suffer froman error
embodmme,rﬂhe (ﬁ‘lterihg chm equiprisy batei—passifﬂmringn as presiouslyndis@issed. In

a0diB g8 R o5 Ge ALY corvie IBRAERSH) TBe e e,

buiﬁlfﬁréﬁg,@t'&eﬂ‘tﬂé’%nser ﬁggaﬁg fgfngf@é SM6c Sfenk geth%rs't czﬁrﬂmh

requency routi eterm nes a requency suc
comaprisdaty mehhd dfedmiping] dib#izatite, dnidrdecimatitwothasargpetformed in

(ééo or the second sensor, signal 211) fromthe first 90
or é‘?E’é) dyse digiighpensonagnalad t he second 90 degree phase

shi g é‘koﬂi‘ﬁ?g?b%;eg%dég% %é ?rﬁﬂ%‘ Qﬂ%db im%tﬁ%é@}b kdkree phase

the daenty or age em 2

shlﬁfcﬁﬂmmﬁ@b ¥ 90 (ﬁigbé‘dcs}ﬁ@se dhhig dfrthe tiesn @ynsdﬂsgmaﬁ eTk¢ 90 deglee phase
fromthe first and second 90 phase shifts, can be

shiggagheanestoraned bytpnzimenneroé mechanism oreaaratient e ope pewbodiment,
This can C '
0, doet L BBt Bebhuaf ol St BERADER. spiing op isia
serf¥dt kionpRase flows occur. The tine difference (Dt)
routine 217 determnes a tine difference (Dt) between
t he It steptS 0§ em sanoné|9@rcbgr®]1ﬂ1aa¢1dnfthe geeoied. ddwsecond 90 degree

phiyeilt catgrinr 2 EERP IS bt et ssoCy SidmAs in the first
90 e FhaRl SHRMS 30 KRR RS o e PprRiric A b fhhokr of

mehhamMacﬂ&Iperzmomed frequency, and is therefore used to
determ ne the mass_flow rate. The flow characteristics
r outlt fleP 208, & Bhessatiptensr Shoamaited/prtwest thearshaensor signpl and

the! s%é@n% %&ﬁop g;gé%lgﬁsggg ﬂge{:ﬁxré:[ 9@ ﬁeét%la lﬂgﬁsef Testid aflagkgeose%gnd 90 degree

phmetdhqd Nddﬁidih@léﬁﬁd)ﬂﬁﬂatfdnﬁfah addatbesgedntl ofd36 o Egﬁﬁhé phase
in a floweter according to an enbodi nent of t

diffeyorge: |I@rone|em®tderpexeothe nhase diffesencgds é@ﬁer@m@dafrom ghe first sensor

SigDGh I SEan L PrRar SBRueTe) S B REE B PR Aond 90 degree

ph&REheE. Thg Bﬁhse diffe®heP c&%ﬁnsésrhepﬁa% @liﬁ*er%ﬁébsi%rthé k&@@hse signal,
is received. In one enbodi nent,” the second sensor

i.esimtiel twocprplmff esnsers; Het ispsednMINE 1 therfCanioligpaffece amihe vibrating
I ckof f_ sensor signal (i.e., the opposite of the first
meRe RSl )

The resulting phase difference is determined without the need for any frequency
value in the calculation. The resulting phase difference can be obtained much faster
than a phase difference calculated using a frequency. The resulting phase difference has
a greater accuracy than a phase difference calculated using a frequency.

In step 507, a frequency is computed. The frequency according to the invention
is advantageously computed from the first 90 degree phase shift and the second 90
degree phase shift. The frequency in one embodiment uses the 90 degree phase shift
and the corresponding sensor signal from which the 90 degree phase shift is derived.
The frequency is a vibrational response frequency of one of the first sensor signal and

the second sensor signal (the frequencies of the two sensor signals are substantially
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In step 503, the sensor signals can be conditioned. In

one enbodi nent, the conditioning can include filtering
woOaor7aaone noi se and unwanted signals. In PCT/US2006/031713

oneenbodi nent, the filtering can conprise band- pass

filtering, as previously discussed. In addition, other
idestioadid opsthtion)o iredi¢quency eomprsqser Vibratiedal ﬁ’qqm:na}s response of the

i fication, buffering, etc If tgﬁl r signals
‘E‘ggspir Slovanbasdg asribkiog Zengrated; VF’EI??(ger conpri se
any TEREG endy (R R8s %@i&ﬂ%ﬁ%ﬂ% th@ﬁ%d%?b R{dd8Pendent

are-"perrtorned 1 n order to produce di glta sensor

ﬁe@e@ﬁ;ﬂk&erehﬂe sic@pl. SO, frequents is Gtaited fieen fHealledegred phass shifts
generated. The first 90 degree phase shift co é{_l ses
in @mm@methpmg@l@hﬁaﬁt@r #rantdp ghe prgiark e hagFesyltipgdrequepgy has a

aregfr RETRES: BRR 3 HSehdy FARBRARE AR LY a0y TNt

ment, the 90

degpreged B@§ & Bhisf flow FateF FloMNBEterial rsgpoan;bﬂub@r The mass flow rate is
transform operating on digital sensor signals. In

conspwipd 508 the readting phasedbifferacyiad tesrpylting reguensysogputed in

stegqﬁg@gsgﬁm B UBHLSE RS AR e SRR AR A TS £8me
diffekdiie (8@ rtﬁ‘@ Hatb%%@ff&léhéé and 4@ i@éﬁu@ﬁ@j e@tPHRIBn S Biffdrence

can by any manner of nechani sm or
(At@bemgtummatelly}umddp coaputeathpmazse bW fate.ence i s conputed -

e S L BB S0 e SR s
f
=AM 0L AP Sl SO 1Dk B OEIR il

diselidsé@r ence. I n one enbodi nent, the phase difference is

determ ned fromthe first sensor si t he second
senEHﬁ &isgnblock disgram 68f of e nesiiereal %ﬁﬁ@ceﬁmgtsysta%? 3

s cond O de f
s R QR L 6 5 PRSI PR AL RARAGR it
prdceﬁlr&bﬁcﬁﬂi@ 0} d@hﬁﬁé’ﬁ&l&@ﬂﬁ@ﬂiﬁes tThatblbsk 8@emnil 60 iludes a
riolis effect in the vibrating neter assenbl
stag®1 fiftee blaskA0ili agtagh asfdltatibidakr &% @ Hitbegbtransipme block 603, and an

angfiis sk o0 'ﬁwil‘@ga?@i’ég e RPE I EplRRrpignat input and

theglgglg S?(gété)e gﬁﬁte fElfH%?fheaLIm B %@RPbeéaﬁ%%pmse a first sensor

requency. The resulting phase
sigelalf f er ence has a greater accuracy than a phase

2 1 HeaReNEYORSIeT e Fes | Tt Pl AN b Sieg Agili Plock 602
cob | BYERLE NS PR URARRIERY TP deL e,
implemented in the processing system 203. These filters provide an optimal method for
filtering and decimating one or both sensor signals, with the filtering and decimating
being performed at the same chronological time and at the same decimation rate.
Alternatively, the stage 1 filter block 601 and the stage 2 filter block 602 can comprise
Infinite Impulse Response (IIR) filters or other suitable digital filters or filter processes.
However, it should be understood that other filtering processes and/or filtering
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
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degree phase shift. The frequency in one enbodi nent
uses the 90 degree phase shift and the correspondi ng
weenwar2aggnal from which the 90 degree phase BOTMUS2008/031713
derived. The frequency is a vibrational response
frequency of one of the first sensor signal and the
603 achnits sdiR® braich 7AD aptlReRPO dyarehcl1ds Bfe @ trawech 700 includes a

LB vorS 98%3%35@3%%@@%&5@”& 7985 Lifsisgthe RPO branch
lnctlfo‘gg BP0 HERH YR dﬂbl nerdil P Wibe RPOf ilgy1688712 Bhe LPO

ration gen y the driver 180. The frequency
delthbbociterOil vad the RP délapdlovktHauhtrodeersesgplingrdetayy. The LPO

el DGiskai0n duditho RPCh G lon Placksrad hrisdae shiert SPOag PO igita
s1g$%le af l%nrpﬁthﬁg caflﬁ/slta R i AR thit thD&.pes Lol Rﬁbt d1§11:a1 signal

I'ng reque as a greater accuracy t

sarhples|uenase Gledred bﬁ&l@dLP@ filoe mactkom;aaﬁd the RO ditted BB)ckaVIZ The
mass flow rate of flow material_ is conputed. The

mas
LPQ) Blietrbloek 762 enshipatRRO filisablask Tageriormg Yhdegree phase “Shift on
di ffer and the resulting frequency conputed in
GSIPBB@ CE%;‘g%%W&g%‘?amPﬁ “addi tion, the mass flow rate
conIub &iiRR EARfERIPSLR 683 id ﬂﬁrs&ﬂ istepab pReAdirpt the bhas®
the phase difference and the frequency, with the tine

medidreeean cBhe( Bilper #iansfoumttil oekt @Q%/regsle'ds ths filtarpditdscimhated LPO

fl 09
and BT siaaly “BL PP ERTR LB AETSET: oL Har L CaeyiEm pppduces 90
de%’g? @P?ngen it éft&?véig oﬂg%f {HeovpdHAhE RARY sfgﬂﬁlsof‘é“ t)br@&lces qu?(drature

as previously discussed. Bis a

| (be@gpamm@@fmé oigjroil tingrhasé (1) kiznpl mﬂlxmengs <hist cmtpmmf the

ing to an _enbodi rent of the invention.

h
Hﬂrhegara@sfqrﬁ)eblaplséﬁ% thesgfpessioyides tﬂPF‘ePe‘?S Aadratyrs @8) cotmponents LPO

Q B 08t SRR LOER P RGO e k0T

st ad@e4n dﬁuté tcethe it t@&%form blabR 1603 chabS frqsre'sdﬂtatéss
603, an anal ysis bl ock 604. The LPO and RPO i nputs

co e} pi ckof f signal input and the right
pi ckoﬁ(‘? sﬂ!g%%%(%nput Ei ther the LPO or the RPO can )

CONRREGe A4 fdos@t +s9nsor signal. In one enbodi nent, thd3)
stage 1 filter bI ock 601 and the stage 2 filter bl ock

602.c i se d| Fi ni uI se Response (FIR)
Usiig %%ﬁ@&rﬁ&ﬂs Ofuitﬁ’uctg’ ?Tpl emented in the
processi ng system 203. These filters provide an

opt iR, eehhdsintr)fil tering and deci mating one or “4)
both sensor signals, with the filtering and deci mat i ng

bei erfor same chronol ogical tinme and at
t he “Sa 'erdeﬁgﬂ%@#?gt : ()

Combining the original terms with the output of the Hilbert transform yields:

LPO = A4, [cos(at) +isin(wt)] = 4, e’ (6)

Ipo Ipo

RPO = 4,,,[cos(wt + §) + isin(at + ¢)] = 4,,,’ " (7)

1po

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
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Alternatively, the stage 1 filter block 601 and the
stage 2 filter block 602 can conprise Infinite Inpulse
weespmnskas (HR) filters or other suitable digitatT/Us2006/031713
filters or filter processes. However, it should be
understood that other filtering processes and/or
phdsk Ipoeti om0 4ndomupringmg s fiastdramnit thatpdei¢rednenalphase diffeteince from the

o 5T B TS Bkl S B Do R o
GBS TSpi hy b UL e ke TR ot sl

serBo@sighal7 Oheatiipla séE6) kigasicdan €bfhprikb ¢hd PPO gned hasAbOwn, or can

i ncludes a LPO_delay block 701 in parallel with a LPO
altgrpativaly gpwekisy e REQghabe, t he RPO branch incl udes an

RP 5 . . :

bl o s At peasta 8 B Ehepitoh bR of Ui e block 604
inclldes koinblodkat80ed uaeé 86 Bl toigugiee Blosk 80DELa boipé&l ayltiplication

bl ock 701 and the RPO delay block 711 therefore sel ect
black@03and fifgeh 9k 804 angli ayphdse saghsidack $x ar e

h . agi,cal,l t hh ti t.hat .the LP d. RRO

i i 08 iR SR BRA 80 My ke Uhred i i s ) A RRigre (@
cothbbhdis Bf £5¥nsé6PLgAdl hnt RSB bh.t The Bbakaté blockTdtR pdifdrms a

filter block 702 and the RPO filter block 712 perform
compll wajgate phasensshiighalahetetbe Libhsigaal)dingi forahs ginggative of the

. sanmples. The Hubert trapsf.orm b) oc 31 fir .

im SR TR oV haE RGPt RS m ek SOA fnipfes i 4RO signal and
t : ! j fi i

the RO el pRberthd Rt 05 Ut The ELEF bldeR BT Hrfpfements o

digltakfideyeuth 4y tha FARrfittep distussed a90veleThe Altphbloek S04 fchedomprise a
ver sions of the LPO and RPO signals, i.e., it produces

polynhaseaginpatiq) ke heins need rrepioyediargppig confent gﬁas@e in-phase

b} 54305 QTR Sy T UL AL SO ARG ecimae e
sighladTiad ke ok Gapenthé shdseRt6dpanddRidifation 6N theVinplitted
the original, in-phase (I) signal conponents LPO 1l and

sigreosuch ardecimpiansbt o fadier ¢Lide for evaammde.oll he bhasslengbsblock 805
et RBing 6% SNER Gh Eom ot D e anedanfpia) Fogppnd of te
Lr8 ﬁ%nﬁ%ﬁ'ttﬁe RD £&D M@ Hhase e BIHCME03 fidabldmnts equation (11)
Conbining the original terms wth the output of the
shdtubbelowt.r ansf orm yi el ds: LPO = Alpo [cos( ) + /sin(Q

,:Ar B ﬁ@\fﬁl%lqegg rt;%?r? QOEéAg o% anﬁI(C?tSf irr;rglzam&tsst. Q %ovl\fov;ri}clé ]eqliation:

LPOx RPO = 4),,e™ x dp,,e’ P = 4, x 4

j(~wt+at+d)
Ipo Rpo ej (8)

Ipo

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

A =4 | )

Rpo

=4

Lpo

then:

LPOx RPO = A%’ = A*[cos(¢) +isin(¢)] (10)
The resulting differential phase angle is:
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FIGS. 8 and 9 are bl ock diagranms of two independent
branches of the analysis block 604 according to an
wentrdemest of the invention. The anal ysi s bl oekT@824006931713
the final stage of the frequency, differential phase,
and delta T (Dt) nmeasurenent. FIG 8 isphase portion
604a co el a first branch that determ nes a phas
¢e‘r"@ﬁng£ﬂ;%%the i n-phase (1) and quadrature (Q ?11)
conponent o 9 is a frequency portion 604b that

determ nes a frequency fromthe in-phase (I
quablGtUiser lQ¥k dmgpam eﬁasﬁreqﬁemcyqurgbe 684l Qﬁthesﬂn@bms block 604

e AP AR e
rigﬁt’dﬂ F si af ?’(F’ ’Tthe FHeghbley ‘I&}mt)ﬁ %0Rb %ﬁle%ﬁdd?ﬁlent
o04a o ysi's

ock 604 1 ncl udes join bl ocks
sho&ﬁilmchrdés a(jdlhl blaclc 80, agatreplént cajugae bl@k&ﬁﬂphemphng block 903,

| \
a cimplse THGPUCHIE RO8b S0 Tl HIcE PO e Hioq 1l G .
coﬂs?a%? 'bYo%k%h ?ﬁ&] a RASBn Hc)cke%% quadrature (Q

nent’s a sensor signal and pass themon. The

CO”A@ Q@é\ﬁo@él discB8Rdpe fieinodck 2Winpiceives bathugaihaso(l) and
sensor signal (here the LPO si gnal ), and forns_a
quadégm fey Qﬁmmr@nimfgq eapqr signph and passes thempprx The conjugate block

I b k 803
ool STl TR 7T s
ne%dtﬂv%%"f i ﬁ’l%"gl% g1l eTENESlap b clti 908l infrblii®k a san@lingHelay into
he FIR filter di scussed above. The filter bl ock 804

thecfaequenep posions6 0ddl yhthsrefonecsiclests adigital signaltshaplg tat is
use tore ve har i.C nt.en fro the .i n- h . ().
chrgﬁa rdn tgje- ¢ sliien gt 3 g Eﬁiﬁe& Wigh the
5 |
cuﬁf@{tfd#éigaljtg%rﬁ?ﬁi fﬁ@tc%n{g{lﬁcslgdﬁﬂ{bglcatla—ﬁ‘ﬁ é{gk 908! The complex

coe S can be provi decl mat i on ~“of
muiltiyslidatipn bled 304gmaltiplissitie TaRO dgnah’amd the ILBO aoﬁjalga‘wmglfal

10, faor exanple, The phase angl ck. 805 deter
implEepHas @q&fﬁyqne(l?? mEG herﬁlﬁq%ﬂ% 595 %@eﬁﬁaﬁraaén Igial filter, such

as ﬁﬁ%ﬂgh ec%rb?% ﬁuﬁ&ldﬁ ‘Es%gofﬁé anal bl%@ﬁ ob5e E8n§ i %Dolyphase

ase ‘angl e 571 hp enents equat i on

de&ihRYBn TRl Yhat 1escaha $€mHR hidraidon&Odentsitdrsm ithe iﬁl-lﬁhaSS (I) and
i mpl ements the follow ng equation: LPOx RPO =Al poe- X

quadRpitiee (Qneqruponearpefl the @g)somgn@l, ppwellasto ée@mam e signal. The
fltS géelfﬂca:itegtsogan e(?:hoseAnS 10 prpoxrfll%e dec:1mat10n o% the 111%utted s1g§1§1) such as
decimation by a factor of 10, for example. The phase angle block 906 determines a
phase angle from the in-phase (I) and quadrature (Q) components of the LPO signal.
The phase angle block 906 implements a portion of equation (13) below. The constant
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:

LPOwyx LPO,,) = Ap,e ™) x 4,6’ = A poe? @) (12)

Ipo

The angle between two consecutive samples is therefore:
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then: LPOx RPO =A2eL F) =A2[cos(f) +isin(f)] (10) The
resulting differential phase angle is:(H FIG 9 is a
wohow2zitagr am of a frequency portion 604b of PO®US2006/031713
anal ysis bl ock 604 according to the invention. The
frequency portion 604b can operate on either the |left
or right plckof&nqugn@h §LPO or RPO. The frequency
por t¥orPle0A any il ment shown includes a join (13)
bl ock 901, a c %~ & gate bl ock 902, a sanpling
bl ock 903, a conplex mul tiplication block 904, a
wHich tsehe tdddakfr&@iency of tesleftarigt-efb | Cmkvefify todlzonst ant
bl ock 907, and a division block 908. As previously

di scusseg, theyigin bl ock 901 receives both in-phase

(1) @pégﬁaﬁ#&w (Q conponents of a sensor signal (14)
and passes t %m on. The conj ugate bl ock 902 perforns a
conpl ex conjugate on a sensor signal, here the LPO

wheirg)1led”, 1s dredrafeoofintbe &lilbegdtansfororf biohke 603 therexasgipipieviously

. The del bl ock i ntroduces a sanpling delay into
dlstcﬁ%%g fq%é%élgp (ﬁ&%%h 604b, and therefore selects a

di girtral

R e S B b Bk o Sl of 4
flomrrhétet tnedet ubrrnaiitcomhjdglcmal The doedamentdlfeequengy ekthe ﬂowmeter is the
Itlﬁllcatlon bl ock 904. The cog&lex multiplicatio

tallgsbenikaoi hggranhpanceis lgnicd #i@bep ke Hand herfigurpelso shows several

otﬁ;eg tln‘#g ?}{)lﬁess Ifr'e gi?&ﬁ%%gﬁrr{élﬁgs gﬁ%& h&? f‘ﬁr}t@‘l?e{ﬂgelrl%de i the twist

mak dthgrdgubhdyt d>1t a&roupn Svirabsthe ﬁbc@l@ﬂ@ﬁ@ﬂthyﬁlddmérﬁﬁl mode). These
bl ock 905 can conprise a pol yphase decimation filter

spikiga comprisgskarmoniq mcmm&rﬁ ﬂowm@rmldfalmmlse other,

BB EpanumS08 FReH Pl o b PRl e

filtRG, ePehdwEieMiEnsan HAb&R aa8okA ‘tﬂ&ﬁé’(ﬁ@e according to a single
deci mati on of the inputted signal, such as deci nation

phhse shift ambodingdnt. 10, heffhlbeewaamlfcmn tloek ﬁﬁa’sm thsgdrebddimekt includes

o o e 0) a A a3 REEbdufor NBULES br B 108 b Roetay
bl A 00\?\/. il %ﬁﬂle?%h' anﬁ’ft iksg%p?ﬁé ) Qlfanﬁ?ll'ﬂé Blhistehbodiment

const ant sup ies a factor
1nc£1@dim;rdn$y mgelayfbmmd B aAebﬁSrej itivé deldy bjockwd0 piintr@dice sampling
i n_equati e division block 908

deb‘éfﬁf { debETarRaba s ﬁ&@L&% Patiosns 819 0cdpgrt Binse st onrhe inputted
dl%l{a? g%gglc %H%it%ﬁeﬁl%%% A}n‘ﬁ@%s@&%ﬁt glteeiﬂgt%el}o ¥ﬂerﬁllbert transform
block 603’ could phase shift just the RPO signal.

This processing embodiment uses the Hilbert transform/phase shift of only one
sensor signal in order to derive both the frequency and the phase difference (see FIGS.
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.
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| poe '- (12) The angl e between two consecutive sanpl es

is therefore:cot- cot_ = which is the radian frequency
wohoda7ve2iief t pi ck-of f. Converting to Hz: wher ePCFA/52008/031713

the rate of the Hubert transform block 603. In the

exanpl e previously discussed, "Fs" is about 2 kHz.

FI GLPEO= 43 éos r spectrumdensity plot of a pick-of{26)

sensor sidnal of a flowneter under nornal conditions.

The fundanmental frequency of the flowreter is the

t al REE=<hi Res(@+Phe graph and is |ocated at about 1387

Hz. The figure al so shows several other |arge spikes

Usi%%&ﬁ@ﬁifb@ﬁ%éﬁ@%n?%%ﬂtﬁ@lfek&%e&i rst non-fundament al

e Is the twst node at a frequency of about 1.5
ti he frequency of the fundanental node). These
sprzzgiaeﬁﬁﬁ%s%ngﬁynnnic frequenci es of the 1 ownet er @9
and al so conprise other, undesirable sensor nodes
(i . ®po2a 4 Wcs§(wPfPgs, a second bend node, etc.). FIG (29)
11 shows &t alternative Hubert transform bl ock 603
according to a_sin%le phase shift enbaodi nent. The . )
Combining the bRQfsiginalterak Wethdhe prtpuk psthedbdbrrhiapstorm (i.e., with the
90 phadewstiéft) deldPO br anch 1100 and a RPO branch 1110. The
LPO branch 1100 includes a delay block 701 in parallel
with a filter block 702. The RPO branch 1110 in this
enbddiQremt,,, icogpidesin{ar | =adidel ay bl ock 701. As before(0)
the del ay bl ocks 701 introduce sanpling del ays. As

f fi bl ock 702 perforns a 90 degree
Whggégéeﬁgg?%%#%%{éei npu tﬁ”ql“” i gi_}(ﬂgiw? gnal sanple. It

shoyl g}, be, under st oed yhat a &natively the Hubert 31
transfor‘n‘%l'wl%ggﬁ’?égﬁg' %’ffild ohase shift just the RO CD

signal. This processing enbodi nent uses the Hubert
transform phase shift, of only one sensor signal..n .
or ARG 1 dpr e BBE SISl Wlidoricy T el R R 4G Snbodiment
LEL85: ; imehPirR1R1ed BhE i GABIAK §AHESSmp
Th? ﬁéglﬁﬁlﬁ‘%g(?d{)@go@p@a?@%ﬁ%mﬁggggﬂeg Bgé?f orm a phase Hpiex
muligplisationdidckedid, 8ilgwigass filtet hlocke dReEsantephmserbegle block 805.
conmput ati ons needed to obtain the mass LI ?VY rate. In,
The analysisthbenkrrdde, in this Qubedimest implemagisdhe elioHae sapstion:
bl ock 603" will provide the quadrature (Q conponent
of either the left or ri ns si gnal, but not

h
2‘2;4% Ié}é B the eejmrg)k e(@@ré'(lf”%”\)/\/tF et§ ‘ﬁaéwi_ Q‘%pio ér’r%s}w L&-phase , j(mt+mt+¢)]
[ :

LPO~= A I'porcos(firf) (26) RPOx A po cos( w

+f) (27) 32)

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

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 (ot) 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 (2wt +¢ ) term can

be removed. The only signal of interest here is the DC term. The high frequency (2wt
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Usi ng the Hubert transform the output beconmes: LPO h

| bert = Apo sin (28) RPO = Acos( w + f) (29)
wGQ@aodrionzing the LPO original termw th the out pecTaS200h031713

Hubert transform(i.e., with the 90 phase shift)

yields: LPO = Alpo [cos(wt ) + i sin(ctf)] = eA Bt)
+¢()3@)m vin be fittbredRPOOS theyrssulhesisgrBowRiAEs fiBe). FheSutdstT of the low-

shows the anal ysis bl ock 604a’" for the single phase
passHilter candbe dogntast anyrherabeiesh getgl Bk2®04a’ in this

enb %??ntt . nc udes.one join block 801, the conpl ex

nmul i%gflin%h B 803, a | ow pass filter bl ock

1201, and a phase angl e bl ock 805. The anal ysis bl ock

604a' in this enbodi gent inplenents the foll ow ng

eqUARMORPO3I2 > e = pa@3 -+ sih{Mr bl ock 1201 (33)

conprises a | ow pass2filter that renoves a

hi ghfrequency conponent produced by the conpl ex
Therelfdrieptheciifferentibl gicke 80de isthe | ow pass filter bl ock

1201 can i npl enent any manner of |ow pass filtering

oper ati on. sz esult of the nultiplication operation

pro@uem*’t[\t%l&]ns. The (- wt + wt + f) term conbi nes (34)

and sinpl ilfcbgg)io a phase-only f term (a DC result),

since the (- wt) and the (w) ternms cancel each other

out 'B\%.Tt'aﬁin Whe Pi%rt"frafn?sfo?ﬁm}i drle! fi8k-bft Boda? Wistdadl of the! the

at twice the tfrequency. Since the resuft is the sum of
coRptietional lohénssdgld t6 perfomm phafe2atd fredienty estimativrbim Coriolis mass

removed. The only signal of interest here is th
flopansiersthadvanggerhiey detiopd( dhe Physe @ihiteqHengy cay ﬁxeg&@@ be

ut . of ' i f
AT N e
zer GIGNIE AwsAhd Snsdr prbedsking of tHeenv@giohtas csmparEOio REPrior art,

=A2em =- [cos(”) + i sint)] (33) Therefore, the .
whetei a timetdiferepem@d) vakeg of qash 1gypmnmeda g herrharyshews a flow material

. transform,of one pick-of f- sianal \i Rst .0 .
inckiiRe BT B oo SRR or Go R0 T ER e Lloghiten, 800w notscis
sulfsteeid B edduesd inThé hen algarifian bedduse ofths ritk ofpise aad fisquency

advantgﬁeously reduced. The phase and freguency can
caleplatien. ot sambe grendram theerenl) that thegesall gleryedbyythgavenggn does not

dis%lSainHe f?a?éey pe%ﬂg" al%pvaql%% fht %?@ﬁec‘?&f- iBtprior art (At) measurements.

FIG. 14 shows the meter electronics 20 according to another embodiment of the

invention. The meter electronics 20 of this embodiment can include the interface 201,
the digitizer 202, the processing system 203, and the storage system 204, as previously
discussed. Components and/or routines in common with other embodiments share
common reference numbers. It should be understood that the meter electronics 20 of
this figure can include various other components and/or routines, such as those
previously discussed.

In operation, the meter electronics 20 receives and processes the first sensor
signal 210 and the second sensor signal 211 from the meter assembly 10 in order to
determine a mass fraction of flow components in a flow material flowing through the
flowmeter 5. Mass fraction is a ratio of mass flow between a first flow component and a
second flow component in a two phase flow stream. The mass fraction can be used to

determine masses of the various flow components. For example, the flow can comprise
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FIG 13 shows the sensor processing of the invention
as conpared to the prior art, wherein a tine
wdi2dd7anenge (Dt) val ue of each is conpared. ThecTharios/031713
shows a flow material including a gas flow {i.e., gas
bubbl es, for exanple). Under this condition, the flow
a flofti senpeneatiast apghs edthyomeatluThel tatal mhass fhewrate @b the flonw material
because of the rate _of phase and cIr,e%uenc d
canchy reutiplied Py the mash fBEtiabEYPHIFLIR Rl S g o gl b
i . .
cor ! n DSE el ek tEoh Ot ARG el il Pl comprise
anyambnfdptof i@ and ereisan kbfprisd asp masnehef gast dhe gas can comprise

. electronics 20 _accaordi ng)c%o anot her, enbaodi n%nt, og ﬁ@%@
airj fov exampls. Theeliseusepn Splot FsHswsoIEr BY 2 tHIG bEhil Sap
an ingl ude the .interf the digitizer 202, the
uncgeir%t%@gkraﬁgmesvg?rg%#b%&lﬁgﬁ%%%asétor age system 204, as
Pr evhe et clbchitmsEen) reCOiNBONRbDcadRed tie firgtdens@ssigmal 210 and

conmon with other enbodi ments share _common reference
thersendrat sensor sigied AILd. Rnapraesssingaetion i thetgenerstien of the frequency

respRer A0 pEraARS o5 R thEHRRESEnaar S P AiRussed. The
ﬂeﬁiﬁ%‘é?%’sﬁioﬁs@ MEUJ&%ﬁﬁrisésrA PRRfeAtY B%helhSeFBis8fbly 10 in response to

ctroriics 20 receives and processes the first sensor
a seppliveal drdeOvibrationh 8 he enetadels@nmies 20 Greaks gutlthe fireguendyeresponse

met er assenpbly 10 in order determnj ne .a mass
14} ke e rradiens e RrpBoRet 44 e FeghiiaeaRrar SarRgnisgt 1416.
. . fr .1 l i f
S VT o B R 7102 B
reshbAyy LAOPAiRGVist/ e gas svnpunRALddisity(sL.)) 4481 isTdetemainsd from the

raction can be used to determ ne nmasses of_the
gas fiequsnsy craronetiddientlidie mier egctrmnies 2Q Heestthe fjegugncy response

' fluid
14 ] bR F B B0 RGP E e g Proquency
colf¥bhéd 1486 tdHeitRRINGRES vhida®iction df g1 4es. The dRtdr\stechivics 20
or nore of a fluid conponent mass flow rate and a gas

furtiempisssetht voibEadtionl 418 the aveealf denisity J4R0candthe gas density 1421 to
delgEaine thgmpas HachCt it L0 B TGO G

di scussi o bel ow focuses on air in a fluid, but it
shoukfl=be—nder st ood that the invention applies to any35)
gas. Th&umefler el ectronics 20 receives and processes
the_first %en,sorn&stggnal 10.and the second

Y

i GNP SPOGRRETS, hE B FACHOH PORPTS B ARAT RN 082 (mfim).

Thg%asglﬁ%gﬂgﬂ8rgﬁﬁé&ﬂ%§&sl401o from one or both of the
. as pr

Sensor signa evi ously discussed. The frequency

response 1414@gascon'pri ses a frequency of the neter
assenf), ¥ 46— response to a supplied drive vibrati on.(36)
The net er™et & moni cs 20 breaks out the frequency

res ?—Po%e%er, it should be understood that alternatively the invention can determine a
mass fraction of fluid (mfy,;4) in the flow material, or any other mass fraction. The mass

fraction of fluid (mfa,iq) comprises the complement of the mass fraction of gas:

mg..
mfﬂuid = o (3 7)
’ngas + mﬂuid

However, this discussion will focus on the mass flow of gas (mf,,) for purposes of
simplicity.
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1410 into the gas frequency conponent 1412 and the

fluid frequency conponent 1416. The neter el ectronics
waQoaiakzingi nes an overall density (pnm X) 1420 Pcomskiee/031713

frequency response 1410. Likew se, a gas conponent

density (pgas) 1421 is determ ned fromthe gas

f r efibepmyeessimgsystnt 203 &2n b fietheetconfighredtto daiecmir@ overall

uses e freque response 141Q and one, or
denfig 1688 Of FheckReRy" BorRBRaRDe 14 S Aepn sisppl T Endthe second

Gy C
el e e N
thaUS&SpﬂehﬁltMWerff o gestiloom fikétitn of the g dloay matkeiad ot jo dﬂﬁﬁi density

and the gas density 1421 to determ ne the mass, . )
1432 thet isdﬁpff&epgatl anlwg TRgHPT, mx? dptergurs hligigdraction 1427
froHlf the overa i1 d%}l rrép H% gg ttl{l: rﬁd‘{gis%?mw ;?_ﬁl Qrﬂi the fluid

derfs[t?unQ n I@ﬁorﬁ@ém‘b@ﬂﬁﬁd:rﬁ@ She glerghsleqsif) lm/\i@\tafnpardd to both the
shoul d be understood that alternativel y the invention

gascmsldl]étl é2 hmbthg finid slensibet429n lofadditinng t}(fmrpp@ﬁsuyg gyptem 203 can
iR Ry e PR AT S TR L B AST sl Balasine the
frecgiﬁentc SedpRase f4185 "ah&’ deRimaRSthe liqMd fradtibn/ 1407\ankl/dr tHe gad fraction

mgas + mflnd However, thls di scussion wi ||
142&)fmmthnotvhmllr®asn3f 1420.0f gas (nfgas) for purposes of

t Th t 203 be f h
conth GreHoaRaBHEL oMY g oS HL8S Ty B SPRe ees
gﬁgatfe 181"66?@;9 k@log &Hﬁkﬁgea ﬁ@frf Ad S WRENIQYr ek %g?el t}?e]é)as flow

sor signal 211, conpare t overal |
macteias chry cd:ﬂﬁﬁsd mataital peasHowseerobther gases degas myxthARd hre
that is representative of a gas flow fraction of the

conjempiat rg FIEn Ghe Stcepa of £ dpogRPYT P hat | s
g:lto gﬁ%ﬁﬁé% ﬂ(}/\ﬁ 5830‘881% cdil c?luJel 71E(¥u"i'& Eht?ﬂgeég‘\f/}gthe gas flow material.

A 18en8 oy f4ctfdnag ingriestliAe s@éarh Neligad vdpos iok ¥ &14512@‘0 s. For
qaj(ﬁg the fluid densi tﬂy 1422C9DI n sone e@nl‘godl ﬁeﬁﬁts 1 P

exampleathe ligeikseancopaisei ‘Eﬂt@bﬁl{ﬁm@dl’&l gapBow. tAqléergafgvely, the liquid
cat, T G716 AP SO B A BECh SPEH 1 Tromh 8 drying
prcﬂ:;rgésg :IIH‘ ;Fh%bﬂseP ﬁléé’d’lﬁﬁ@é kb IBGSikHn LARDRE olINE t8ASas\ fl@Wmaterial, such
as oil introduced into the gas flow material by pumps, regulators, or other flow handling
mechanisms. However, other liquids or liquid combinations are contemplated and are
within the scope of the description and claims.

The frequency of the meter assembly 10 will change when a liquid flow fraction
passes through the meter assembly 10. The frequency will decrease as the liquid flow
fraction increases, in contrast to a pure gas flow. This is due to the increased density
when a liquid flow fraction is present. Therefore, the flow stream density can be used to
determine the liquid flow fraction.

The first sensor signal 210 and the second sensor signal 211 comprise time-
varying electronic signals that are substantially continuously received and processed by

the meter electronics 20, such as signals from the pick-off sensors 170L and 170R. The

frequency response 1410 can be determined using the previously discussed processing
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frequency response 1410, and determne the liquid
fraction 1427 and/or the gas fraction 1428 fromthe
woveraktiiglensity 1420. The gas flow materi al caaT/US2006/031713
conprise any gas or gas mixture. One type of gas flow
materi al conprises a gas derived froman oil well. For
bloelksa(spt EIGS he-7gmsl 9| dwivantagedwsly, ortrencsing the@reviouslaidiscussed
wever, ot het ase Qr _gas mxtu

hlgg—éﬁﬁ %eé)&yé]ﬁgpng‘lr@ eqny 10%8&@? ,Hagcurately, and reliably

dtgﬁﬁ‘iﬁ' gs147he liquid flow fraction can
© I nC Eﬁ%ﬁg@gﬁ?ﬁgm}a@ed in the gas flow material .
A I Tfhel prbckbsing ﬁymn 208 i &ns embpdlmmt @anh irplude astdaﬁ'a,ctlan
ui d vapor, qui d drops. r ex

rouélaﬁ 1&@},*;4 nefgh \ﬁétleéfotheé%gt %méxps aetian ]gﬁllltllele 148? a ga carryunder
10 na%) qr46 @Bﬁl \flldilgvér rgﬁﬂnqe tady %gigﬁﬁl ﬁ)u%%clgfb%U dhfa 11qu1d flow

ura suc gly arryover from a

fraétiot ﬂﬂtlﬂé Q408.sThé Ercﬁﬁﬁ&ﬁﬁ@ sysadrh @08 &hh \ferthdriinclude unei ocare filters
conprise oil int egasflowrraterlal such as oi|
or filierrroutinesd sieh 5 2 losv-gass fltewowance403 ansla highpapss filter routine

other flo andl n
1981805 A SRR 488 ABSHE A Reug o ot st
rﬁ%’ﬂr@t‘fﬂﬂ &t @cﬁe@ﬁﬁe@doﬁf Wlitdfion thit&eﬁ@@%aﬁ*fow Bend of frequencies. The
description and clains. The frequency of the neter

proa;ssmg)mstem 208 Ichn furthey énclihédma éreguqmydemmaﬁ fLAH&:ta wnid fraction

th The f
b Ganrisdettion RS Tt e ST SRy P Ga g sthents, void
ﬂa&@o&@&&ﬁ@g tib, AndH=8s ﬂ%éﬁu;ﬂ 8He OIrr% bfohs r@?@cﬁ\%l‘}.h?he processing
| qui

Increased densrty when a ow fr ion 1s
sysire 260 tcan Taehafinclade b fimid froguestcy eampoasst k41 6cand eb@s frequency
used to determnethellqwdflowf ction.

corsppRlt 1414 hat store WoRHNE AR eRINvRI4e 05 EhesT i glh aCtign and mass
oGRS SFY Oy 20 908 Rl g

deﬁﬁ‘@ MR0es gl esthpGibine Serdity 812G hamba ﬂugiwadrﬁpéﬂewdemw 1422 that

pi ck k- of f sensors 170L and 170R. The frequency response
stomwoﬂ@ag dpesigetadugsi fpetheusid frachen pmcémaémﬁagxm detersiggtions.

T SR Sh SULT Y 2 Oatan wahsige RS pray Ftisen 143 audg liuid
catty @ lﬁ%@?@ tht SRAY ?é%ﬁé‘ct%tc%{’ﬁbﬁ@éry ob@teqddﬁ‘ﬁﬁei | Dhe 9ﬁf¢ess1ng

qgui ckly, accurately, and réliably determne the void
sys‘tam@tOBmancfﬁrt@asndldd@a liqm;l ﬁxa@mhﬁlﬂ?ghawmmammld pomponent

this enbodi é ude a void fractjon r.outine
quinilY ang et Grorie 1478 PO FoTRS MU oTPReeL L | on
r outr 0y 1405  Refdie 4810 gwg@ﬁgeg OHtik Beqddfd (12 a) bvﬂer‘iJn the

carryover ro nsity routine
fretihenyde§pamiee fl4 8 taroincludeta ges flst@BncyTbempomne Gfggs)ﬂ}llfz and a fluid

freaz:x{c?rgo%r?p%n%gtn(fffluig tldrf] le6r ,Irﬂé: lvgfcllefre(t)cr’gl%n%rndnn?a{sg ﬁtalc!ugrel rcasm be
determined after these frequency components are broken out of the mix frequency (fuix)
and determined. At any time, the frequency response 1410 can include any amount of a
gas frequency component (fy,s) 1412, i.e., a frequency component due to entrained gas.
FIG. 15 is a graph of flowmeter frequency responses for air, for a fluid, and for a
combined air/fluid mix (i.e., for a fluid including entrained air). The density of a gas is
distinguishable.ﬁom the density of a fluid in the flow material flowing through the

flowmeter. Since density can be derived from a measured frequency, the frequency
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or filter routines, such as a lowpass filter routine
1403 and a high-pass filter routine 1404.
wahoernatisvel y, the one or nore filters or fil Per/US2006/031713
routines can include a notch filter configuration or
other filter configuration that rejects a narrow band
assofiafedevjtie aic iealso dstinpuishads ifrogm theshaueacBottne ffuidt Wbis is also
i n¢l ude a frequency response 1410, a void fraction
Uuiﬂggie%ﬁ@eéoﬁg%%n¥¥%ﬁ¥ion 1419 that can store

fr egﬂgglﬁétti&gﬁﬂ%ﬁﬁéﬁﬁgz%g@rggg B void fraction

deter ions, a I on determ nations,

respectively. 0gessi ng system 203 can further

i ncladera #tauflEmgl conponent 1416 and a gas  (38)

frequency conpoR®NET 1442k hat store working frequency

val ues_for _the void fraction and mass fraction
whih G b drion ereaseiaie CoPRGS Gy Safe ot i o tpessents a

é}ﬁlfr Iio¥s bt eiHieR: ﬂ%ﬁ eHB@NEBhverting th
radlens%n?gi%ﬂﬁ {gﬁ%&g%ﬁaﬁ{i/ﬂgﬁ%onﬁﬁgn% eﬁgity 1422V€t: h1g§ ©
radsdrofrequenck onig adegpicngy ¥ah Hestzf{(Hz) givesvoi d fracti on and

mass fraction determ nations. The processi ng system

203fcan:1(@ﬁﬁér)>‘ifﬁcl ude a gas carryunder 1425 and a (39)

| i qui"¥ carryawer 1426 that store respective
car%_under/_carryover guantjties. The proc?Fsi ng system
203 Thigrequatiehatsupies (0gteons Fegianay A3 BETSn tnbporifpgigneles are

r es. i.Qui 0 :

prla it o, o SABRRSH (o ROt A, HeRiCF D he

flolv aeaCHuidgshense clldforcbegomeses a m x frequency
(fm X), wherein the frequency response 1410 can

i ncl ude gés f1egieseyo sonp tgasin(d 41-2wg/c

quide-xf—‘rFsEi ke’ ol bl ¢y .( 9’-;#) j (40)

fracti on”and nma eF ¥ Bl Ghon'e

t hese frequency conponents are broken out  of f e mx
wherelgixd E3e [reqReRYY Berpom drthe matite Thew mjerialaie a gas

R s I

Conpenethg dpgintte FEG! 14ithe tbvgaass il robifing $468 fnplpments a low-
fl owreter frequency responses for air, for a fluid
passriilter o love-passi Tt nabses flowifkeapencies substanfighty helopg lpw-pass cut-

i hcl udi ng,entrain al,r).. The density of a i .
oft gt Anab et Hef Hirberain@rc erto PrpfyPRan ghguencies.

f I owhEmE &1-pads tited Voinehel TU0RUEIDI&HENLE hm\g,ﬁeb@srs-ﬁ@rn @Ehigh-pass
density canh be derived froma neasured frequency, the )
filter papsenitigh fopeatiesisukistantiaily abevead Bighepass cvigefif Steqbercy. A high-

fr mtg% ggegue Cﬁ% the fl &Ji d.f This.is also true of
pasgt s tRRISEC f1 o Usefl RrEPexe 0w TisgUeRsieh 1 or

cal | Simptementdta notDATE: VA ndtdiBlter reject

rad ﬁgl% %ﬁ%%?ﬁe%%%%? 1&1}% I(rallerlls frfoovvrret er. The (D eriegjects a
narrow range of frequencies that are centered on a “notch” in the frequency response of
the notch filter. Only the frequencies in the notch are rejected by the notch filter.
Therefore, the notch filter is very useful for removing known, undesired frequencies
from the frequency response 1410.

The void fraction routine 1401 determines a void fraction (typically of gas) in the

flow material. The void fraction can be determined from the densities of the flow

components, where the overall density (pmix) comprises the sum of the gas component

density (pgas) and the fluid component density (pauia)-
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- 1 termrepresents a radian frequency sanple froma

previous or earlier sanple period. Converting the
woadi7an2fisequency w to a frequency fin Hertz (Pe)/US2006/031713

gives: _ w - wt_1)xF s Q This equation assumes only

one frequency is present. If two frequencies are

pr ePendity (@3 sﬁbst:irﬂ'mllgammmfseent rained air (the

frequency_of air and the frequency of the flow

mat eri A Y I ui d), the new equation becones: where fmx 41

i s “he|trlequency response of the entire flow rraterlal( )

i ncl udlﬁr a gas frequency conponent (fgas) and a fluid

ehO1d6Gi.c., £

B AR Pbeicnt bhe IR TS Rerty AT AL,
Thé ﬂuuh&sn;ﬁoﬂehedenskyl (PMiap 432 tarl becalpalstedisingihe fluid frequency

frequenci es_substanti.al |l geh | ow pass cut 3
CompeRRIEAZLL- TR <Pr5wr5§ e (85 TPNER oA BES CamPRRETid 446 cgmprises
G ST T A g

us1ﬁg$ﬁ@gasfﬂ@jmeﬁ¢}emmp@mm 14 UthsCansdgabhtyy, almvelddractlon of gas 1418
gh-pass cut-off frequency. A highpass filte

is Ctaml@tﬁd) pea eaiip dethadbid compenesy dengl (Predéhe in%igus thgeoverall
derllqsOt Rmﬂ 14{22)rd1}/1§1u§'b596thg‘ #0n é%cﬁﬁﬁ?ﬁéns?ty?ﬁ 21%%% fengﬁus e gas

s a narfrow range
cothpaherdt rd@nﬁ?ﬂ‘q;e r)eﬂl,zqn Ehe VRd ﬁ'&ctlbﬂﬂ cb ﬁuf.faﬁ@ﬁ] ueathe form:
response o fe notch filte Only the frequencies in
t he are re?]eigt-etd,,,xby the notch filter. Therefore
the\Pﬁé‘gﬁa‘ft}qnt eris very useful for renoving known,
undesired frequepn’kf’i"’e ¥rom the frequency response
) 140d of8hSIgMiASn & VM
Thi ot o el BE b 4 AU AR AR o RSl e
mav&riZl. fraction can be determ ned fromthe densities of
the flow conponents, where the overall densit

conpite seass {lastienrauwmet M85 gstermingsdhe masy @ﬁ%@qrylél;%%é%l the

he fl uid
ﬁe&ﬂ%&@&ﬁ%ﬂ%gﬁ? ;4? fg? ?n%’?&gs gﬁ@é }é‘%léé ?ﬁé Ma?%fra&fdé‘xq S{élﬁ%é ﬁ’)rOS uses the
deﬁﬁﬁﬁiéﬁ@%ﬁf‘fra&foﬂ ¥ 14l|8d alloh 8 G ENgt veadndRaBie v alhds, (in order to

(i.e., fmx) . e fluid conmponent density (pfiuid)
caltumtbamnaseﬁtaatlcmlléi%d using the fluid frequency

CoMRaRS $ad o AV et TRAATE Mepet Ul L bhE BiaY
colcﬁgﬁcgﬁas conponent density (pgas) 1421 can be

ul ated using the gas frequency conponent 1412.
Conieguently, the void fraction of gas 1418

(42)

(43)
vV
As a result, the mass fraction (mf) can be simplified to:
mf= my = m = prl (44)
ml + 7722 rnmix pmimeix
Because the void fraction (VF) comprises the volume ratio:
v
VF =—1 (45)
Vmix
then the mass fraction (mf) comprises:
mf =VF* L (46)

mix
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is calculated as a ratio of the fluid conponent

density (pfiuid) 1422 mnus the overall density (pm Xx)
wa2ad/dengded by the fluid conponent density (pErmisego6/031713

1422 m nus the gas conponent density (pgas) 1421. The

void fraction conputation has the form Void_Fraction

pf - APa (é)t, hef thassdractiBgaan Paeleteesindd figmitbe doidrfaastionr{ VF), the

of gas 1418 reflects_a ratjo of t.o fluid i e
SaSIQOBIRORERIITAY (Peind | bR PYSAL %%ﬂ%lryn&?mmi g%if TS gas

t-he I : m i

e Ly (5 40 B S e A6 R D22 S btmined
fromatit gaefrdg@incy sempohentdel] @ ranidnkel frequehclyresponsa 1 4 MEyespectively.

1418, along wth derived densit}g/hval ues, in order to

cal Bsheild beradagssepds thaicenly ong o1 the sasdsequeyCHFRITRAIGHE 412 and

re rel at d i 1 ' -1
el Bl oA ik P her FASS B Rne TS g
kndvadl PEr &latiplé,fif 8@ dae coBppRusSSir, then uaiatdhndadit frequenidlresponse
conprises the volune ratio: VF =- - (45) Vm x then the :
(andlensits)aet ibermsguriod. chsrpresidts thedknpvrregas ar, fluid dregyercy can be

fraction.,can be term.,ned fromthe void fraction
filterggout.and Oﬂéo%%ﬁ'ﬁ%rﬁ%fteﬂé%g? d(pgas) 1421, and the

overft by denshinded Rtife 1406 deteftimedasa8 @ afRNet frva multi-
(pgas) 71421 "and the overall density (pm 1422 can be

phaﬂ;ﬁtthjwrimm‘iaﬂ.r bhe ghecaaaindeerutine y 406 mp one embadingens determines

the frequency response 1410, respgctively. | haul

thetggs GRIEHR4eE SERAUARPY Bﬁﬁegmgweg BT CI AT 9163 SUFLy The VF value
cof PRI AN o L5 RO FRROTPS VUG e
cothipfiscetheab earryindeh emgast, 0o o bs Gatlair marfifidated ts tetedain® a gas

alr frequency response (and density) can be assuned.
mapg flawrratsuntaas ihhelaasiinplapss How mlatﬁﬂcﬂﬂ-f ifga st ilowaitef the gas

corppeh g eligrofiadre Attt e P S o6 Hred in the
gascmagemz@r_munt ina multi phase flow material. The

gas ‘carryunder routine 1406 in one enbodi nent

det Fhediqeil carryover routine 1407 determines a liquid carryover amount in a
multi-phase flow material. The liquid carryover routine 1407 determines the liquid
carryover amount by determining a liquid fraction and uses the liquid fraction to
determine one or more of a liquid component density, a liquid mass flow rate, etc., in
the multi-phase flow material. The determined liquid carryover amount can be stored in
the liquid carryover 1426.

The density routine 1408 determines the overall density 1420 from the first
sensor signal 210 and the second sensor signal 211. In one embodiment, the density
routine 1408 uses the frequency response 1410 in the flow stream density determination.
The overall density 1420 is related to the density of the gas flow material, and varies
according to the liquid flow fraction in the gas flow material.

The liquid flow fraction routine 1409 uses the overall density 1420 to produce
the liquid fraction 1427. The liquid fraction 1427 is related to the amount (or

percentage) of liquid in the gas flow material. The determination is discussed below in

conjunction with FIG. 15. In addition, the liquid flow fraction routine 1409 can also
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the gas carryunder anmount by determ ning a void

fraction of gas (VF). The VF val ue conprises a vol une
woeowantiage of the total flow material vol une. pCAISUB6/031713

can therefore conprise the gas carryunder anount, or

can be further manipulated to determ ne a gas nass
profiienhe ahe frabt@ehs 1428, twtereinthe gshiasaionl 2 8rimtaatedto thehe

mass flow rate of the s conponent is calculated. The
amQJELPerReRLAge §A82e it thy “RBHE can be stored in the

9aSTANGY ije%Fr.oéﬁ:i% ?r() chN Gl ULy A8l LS th&WW BRarké@fistics,

determnes "a [ carryover anount 1n a nulti-phase
suchla@wh mRteillimhss fIdve rate geongbanent yaveflowswompentdOFolumes, etc. The

determ nes the |liquid carryover ampunt by det I Ni
metgr Flegiipaics 28.cen bA 1 AEmieicatinn erfqmedn?t?«%%%sr: by 1 where the

e P8 e SR pBobbel TR A, e e

res%@is@.r Tbne SRBoERAGT NhS @ektéd Edrablgalr yamet ses aCoriolsafowmeter.
e stored in the liquid carryover 1426. The density
In arotherembbddsentethermeter assemblyo /& eomprigesis yibjatingignsitepeter.

e I
a ﬂ%%aﬁéﬁ%ﬁﬂ@)@ﬁl THEGUEBNE N oW RRRR R orlitidiol 4h driSoditeut of the

stream density determ nation. The overall density 1420
investioe| bt seb 1601, efratpreaty yespdnsetierapatveddl diberfeequieney response can

e pe g RS BeRarS Zher Pl | R B b compriss
' . | ' .

« STt KPRl D dRRR BTN el

Thé goat @dtelial tdieinaerhtraipedgas.cent age) of liquid in the

gas flow material. The determ nation is discussed .
bel buwonaerbegimest.ithe HRABFNCEIESPONSE CHHCHBRLLYS %ﬁ?st pepsor signal

i quid . fl f ' ' I
andys S setir TSk Plhs BRIk, PR AR SPERUYHES 1181 can be
reckRle@tiRfin bRKLOE sansdut 7(1CAEE TR 61 tHe Bl8®r hsveinby @ Sfor example.
flow material. The neter electronics 20 can

A %(Hd&grb@p]aaslewhtfms?rhﬁi genepathéfrom eifhes tsamsos signak t The 90 degree
such, as Qver a mass flow.rate, ¢ onent nm
o Shi S scet o PRt st wERiE sof BY BICERisel iy the frequency
- . . . . |
e R ETALE O 18 A Tt o s
flofv ravn@ft the flokamateiad nad escoadihg éo)tenmysanss pod smouhholemdrained

enbodi nent, the neter assenbly 10 conprises a Coriolis
ga%-| owreter. I n another enbodi ment, the neter assenbly

10 RIS AL RIS TR 6 it
compagdit 94 12tn@ahiid frequency component 1416. This is possible because the
frequency response 1410 comprises a gas frequency component that is related to a gas
flow rate in the flow material and a fluid frequency component that is related to the fluid
flow rate. The fluid can comprise any manner of fluid. The breaking out can be
performed by a first filter and a second filter, as previously discussed. In addition, the
breaking out can be performed by a low-pass filter and a high-pass filter, as previously
discussed.

In step 1603, as previously discussed, the void fraction of gas 1418 is determined

using the frequency response 1410, the gas frequency component 1412, and the fluid
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a flow material flow ng through a fl owreter according

to an enbodi nent of the invention. In step 1601, a
woneiweniay response i s recei ved. The frequencyPCEIS20M6031713

can be received in the neter electronics 20, for

exanpl e. The frequency response conprises a frequency
freqesipyrempboers Milbr Jthentpteratieaticnssaribtipdd detetraining density values

ol GF G e JEL0. o SRRk 5o e i
e i; [ (SIS
oL Dbk GAPTECH AR CRTD GRutd IR 3081 cR galon of o

14 Bhchrd bee:geennad as & nstiv, apegeemtageanr diher measured from
pi ck-of f sensors 170L and 17QR of the neter asse Iiy )
10, FiGr L eiganiiuchant 56 (ich wetiondor deispmpining vaid raction of gas in
[ ' .
« LAY PR AR BORSRAAL0Rlny T Shodifitor

inveaflolelrises 1 101, co@iticacy Repbiigds eaeivede spprstusiyhdisaissed.
t he frequency response varies over time according to
bot n sthe 182 ghe freqnensyaesionsa s proesesedhivath afirshfilfer. The first

B S S 30506 o QPR o SPEARY pBRs e i
frebidRy2o8@onbAQEMEPRY. 1‘82”'[1?1@ g8 bmbddEn@dhe ffrtsilebr comprises a
frequency conponent 1416. This is possible because the

loW-pespuihery whersoa $ew-pasOcuterfp fiegeency afdke favegassitljer is
conponent that js.related to a ga lowrate in the
ST AN CEPTORe A SERET SRUUBAEy S BApDe A Db dilter
ki Q [
sul fAiaf) phel B fod! (Focpic¥ EthBoneh Snd St fari Ay GEHREL € gas
frefyereyfdongdontnd. t er and a second filter, as previously
di scussed. In addition, the breaking q(iut can be

per fpiRd 783, the oAnpREySesRInse is RiRacsich gt prrsend filtey The
sodigBE LTy 365 e P BLTRoLE e LSty pases
BT Lo, o Ons Mol et

; ; %ﬁconponent .1416.
passH@tetewbensimahigbrpasa sui-af frageenet ef thi hiighypassrdier ys substantially

be%%la eZ‘%ﬁf&%f%ggéﬂggfrgghfp%ﬁﬁ%ugﬁ%&%ﬁ@g ﬂ%ﬁgégﬁeggggﬁﬁgmnent). Asa
resuft! ??%%P&ﬁ]iﬁter RBbRARYAIBUSAsYesths GHS ﬁ@@uenglﬁ} QolfpoHbiti 4nd

Vol ion of gas 1418 can be expressed as a rati o,
sulstpetatig mejags thofluct fiequenepsompondditG. 17 is a fl owchart

TR il R Lol Es T v
usi%%ggé ﬂg&?erntgg agsﬁ)oﬁg@ PR TR o 11 u%nbﬁ gﬁtﬂbbﬁ’&ﬁ 141 SiRhe fluid

Cy response”i's recel as previously

fredustoys@@thonent 1416.
FIG. 18 is a frequency graph showing low-pass and high-pass filter responses

that can be used to break out the fluid frequency component and the gas frequency
component according to an embodiment of the invention. The lower line of the graph
represents a flowmeter frequency response including a fluid frequency component lobe
and a gas frequency component lobe. The fluid frequency component lobe is lower in
frequency than the gas frequency component lobe. The upper lines comprise a low-pass
filter response and a high-pass filter response, along with a cut-off frequency. Here, the

cut-off frequency for both the low-pass and high-pass filters is substantially centered
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In step 1702, the frequency response is processed with
a first filter. The first filter substantially rejects
woOher7gasii8r equency conponent and substanti al | yPoassem®6/031713
the fluid frequency conponent (see FIG 18). In one
enbodi nment, the first filter conprises a | ow pass
bethrickh dre, twihivbes. The 1bwvpassesd bigh-pist ffltesrerityeaf conrgon cut-off

e EEREEE s e S MR
ﬁegﬁ%g%%g{ﬂp%:n%ﬂtsp 8S3RDeldagn tlar gk 1%&»%@&5% Fer GRAITRRASA hANGid

antralTy rejects the gas frequency conponent. In

freghiepy Lofiponthieankirtee higheyass €dfeomdl oupup HlecgsSedtjuaneshcamponent.
second filter. The second filter substanti ai rejects

L1y,
Therggore) the dwe Hdtterra) PreRPBHER T AHEN ST SRAIRE i 449 yripdRs gas
' , the
fre e O o FRTROREN, e o S BRI, o 1
hi ghAnpass ntsthodbf bresleigp &ae thedluit had ey fregaaryfdohipnents
substantially bel ow the gas frequency conponent (but
comprises filkasine Qit@ singdeydamerin Eedksoae aoPoReNt and sisipgtthe figguency

hi gh- pass filter .substanti al | ass Sefas
compdRaEssednEh SRE SnARoDn o @erhilfte BRSnyig gnd eas
cothbbh&ht [deREHEN CHore! >Riheré BasinaRe HoQAmatpiaPlseall, 9k the

di scussed, the void fraction of gas 1418 is determ ned

filtasing gpetation cem be noyfigurse om§Berdut e, retatizrelyazarfave figgneney band
conponent 1412, and the fluid f uency, compone . .
cerytEg 00 GPICp i A PRS S SRR gr SHNCGHRONH PO sty derived
- #
el Shp B RANE Sk Shnpaeliaghred s o
rerhaiatngefhaiyl feaupadesdmpaeat dimige tsedao detdomilien@nair déndityeterm. For
invention. The | ower line of the graph éepr esents a

exqmplgnhere the gauisiap weeRsAROSpRaricdAh ¢ fiicr (i as a notch filter,

o SR R TRARET L bORRRD 8 OBy FEQUREYp ROt
frefi@yaBgHonsan staesidg shd 6 eshie deNsiBAPRANE4R0 ¢abite calfidated from
thetlilg-per lines conprise a |lowpass filter response and a

grinepays sesponseek4 10endonBeid comnogeni danshy (Rriab422 can be
freguency. re,.the cut-off fr n for bath.the
cale RS e i esi o8 bpRpapett 118l Thelsioreafte it Cmponent
d rgdmtlv&%g,{g@ two | obes. The | ow pass and
elgsﬁgf}-ﬁaéss filt rrsS can have a common cut-of f frequency
or cay) haye @-VFgrant cut-of f frequencies, depending (47)
on the flurd and gas frequency conponents. It can be
seeMhidweguatibe chiobe posdtién ter will output the fluid
frequency conponent and the high-pass filter wll

out p: % Ba..Gas TAef8uency conponent. Therefore, the twd48)

filters can break out the frequency response 1410 into
t he Adtggnatively, it should be understood that the fluid frequency component can be

removed/filtered out, and the void fraction can be determined using the gas frequency
component. As before, this single frequency removal can be performed where the fluid
possesses a known characteristic frequency response and density. Therefore, the single
frequency removal method can remove either the fluid frequency component or the gas
frequency component.

In one embodiment, a single frequency component can be removed by one or
more filters while the other frequency component is passed by the filtering operation.

The one or more filters in one embodiment comprise a notch filter. A notch filter passes
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frequency conponent 1412 and the fluid frequency
conponent 1416. Anot her nethod of breaking out the
wohow7d2znel gas frequency conponents conprises PCIuseiong31713
out a single, known frequency conponent and using the
frequency conponent passed by the filter operation in
all freqieencies ededre ifraquendidewithin ainamew asd Conponetch in the frequency
densjties. For, exanple, wher as in the fl ow eria
respansg). r Afteiafiveliethe ione OF PSS GHEF AR e150Y Safitipgapatter or
Cmﬁgﬁéﬁéﬁggﬁﬁa%.a relatively narrow frequency band
centered on a typical air frequency response.
Su bEkg U@ kyfl ovirdiartod@0alfla rdethed fyr dtermniathef a vondtfreetion of gas in
frequenc¥ﬂresponse and_the fluid density conmponent

2 flgermyistiak flowingrarqughes Howaetdr deerrlmedoeRmRastipeReefthe
. d i : S )
1nv§x gonrg F[éltﬁ??ﬁq %érdé ) gﬁeé ﬁé@se'ﬁ?g ?t%ﬁgg%e ?Aﬂr@ﬁ's b ¥eelitddThs EI%R’IOUS}’Y,

0 be at nosphetic al
diséuskéd.t er (such as a notch filter, for exanple) can be
used to substantially reject an air frequen

. quency
confroviemi 9¢3, thEequangy éeﬁcp@nswmmg@:sewﬂh andeh filter. pehe notch

[1.d it ' 1420 b | at f
B SRR AR R0 A e
fre Lﬁgn'cg iéﬂs)goillgezi% thREREo Bk PR E, AR heh itk Jubstantially rejects

req y conponent 1416. Therefore, the air conponent
thechan $ietyer{qygas)pahgft 1 £GnpFhiesmstch Bitex subfstantially passes Ageiduid

(47) This equatjion can be rewitten as: Pmx = Pfluid
ﬂe@ﬂﬁtﬂﬁwomppﬁ%&fgé‘é (4 8) Aternatively, it should be

und t t [ f NENtHeCAR hown,
r engi/%'ﬁglat%?%%hggtn?{cgrﬁte{rr?:e%im rfergg(%{éi%%ﬁ]can bgﬁﬁe Shown
thedefi€ Ricaatratsomg ghhfregamchr Gheentoh fierpmesmstsubdiantially all of the

before, this single frequency renoval can be perforne
fregurnciestabeve prd Belppsibe sokd amdigmvinecEis EAUEneYs isegstantlachy

freqguency respaonse and density. Therefore, the single
rejﬁl%(gﬁ\éﬂ}%}lor@hﬁgfgﬁ- net hod can renove either the fluid
fr eRURREHo GLATRIN NG, DY, ih BRpUIIB3fihe qorRIeactioarmigasnt 18 isn

one enbodinent, a single frequency conponent can be
detesmimed dising the&requeneyresronse, dhe gowhirpquensy compenent 1412, and the

f uency conponent,.is passed by.the filtering

ﬂu%@%giep CORR ngﬁg%i& W@le}lf]‘?’eql%c_uﬁ?%ne embodi ment
CONpitSE B S@6Gthdrt 2 1R of LHmBRHoRof HbieRhinkaS 8 88AL Fraction of flow
freqguenci es except frequencies within a narrow band

corfpporgents m aflowmaterinh@owingdhemigh a Bewmetse pccording to an

previously discussed.

In step 2102, the frequency response is broken out into a gas frequency
component 1412 and a fluid frequency component 1416, as previously discussed.

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

inverted).
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conmbi nation of filters. FIG 19 is a flowhart 1900 of

a nethod for determning a void fraction of gas in a
wohkowonmtieri al flow ng through a fl owneter accecdiusgos031713

an enbodi nent of the invention. In step 1901, the

frequency response 1410 is received, as previously

di shuseel104, a gsepnb@ient density (mglsnteyernesgbirem the gas
processed with_a notch filter. The notch filter passe .
freqipeagy SARPERCTHH e iﬁa SABPORPALEHS ‘é‘Fﬁltys(E?aﬂF? fﬁb@%‘%ﬁ%ﬁf}‘f of just

requency response in this enbodi nent.
the%%(%?fg%érlg? g{'no‘t ch filter substantially rejects the

gasTd stesDe0s; s posiousty distddsad, thheoftbfradtidn (MIrof gas 1418 is
substantially passes the fluid frequency conponent
detgumiged priog thofrequencyragnenss 1410, seegastirequepcy Fagpenty 1412, and

R L AR RS NERl o1 Banve

exﬁéﬁ%ﬂ@@birﬁﬁd,)é@rberﬁi%d beofheeai¢enates above and bel ow ‘
the notch and only the gas frequenc% is substanti al I&/
r ej Brstepl2bY6,tthe mass &nction isaletermined rpmdgha yaidracion (F) 1418

9, i 1903.. 1 id f i f | .
an b B R e e Ry BRSPS D 138 A s uation 4
f r egyeneyisConmeaent 230tLas 2 ARthdder fiktehdidiiea UeRs Yraction of flow

conponent 1416, as previously discussed. G 21lis a
cothpomeritsaint a fid@anatkrial fiewhgdhfanghdeflewmeter agcadinggs an

fraction of flow conponents in..a fl.ow materjal fl ow
emph G oL T BRI BBt e RS s i 244 Bauency

- - f 1 . .
coBHERH 8 40 (LEZ oo e KRR EBARES Gy hcrpgoperations
OrikrfHepRe Oy erfopaoseprises fiteken tieufrequehoy sespassef with adirstyfilter that

conponent, 1412 and_a fluid frequency conpopent 1416 )
subganiely rejaefs yheigascliediency pompprgnt And évb%ﬁlt@iarpwes the fluid

50 o S50 )R LSRR e sy
res%gﬂﬁ Wwith 8fseddifl flesrthaesibbtantisllyariecpame fldviiequgayedhsponent

previously discussed, the overall density (ggi X)
an¢ ewlptansiely passes dm gasl frgqueney eeuperensf Asriaesiilyitifirss filter

oulfh SR REN B RS TR St b So LR h S RRgE eauency
cofP?o{'ii&{t.er m ned fromthe gas frequency conponent (fgas).

e gas conponent density (pgas) reflects the density
of Jlustep 2201, a frequency response is received, as previously discussed.

In step 2202, the frequency response is filtered with a first filter, as previously
discussed.

In step 2203, the frequency response is filtered with a second filter, as previously
discussed.

In step 2204, the overall density (ppiy) is determined, as previously discussed.

In step 2205, the gas density (pg.s) is determined, as previously discussed.

In step 2206, as previously discussed, the void fraction of gas 1418 is determined
using the frequency response 1410, the gas frequency component 1412, and the fluid
frequency component 1416.

In step 2207, the mass fraction 1419 is determined, as previously discussed.
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the gas flow conponent. , In step 2105, as previously

di scussed, the void fraction (VF) of gas 1418 is
wdebt@roazined usi ng the frequency response 1410, PCHAISQ®S/031713

frequency conponent 1412, and the fluid frequency

conmponent 1416. The resulting void fraction of gas

1418 G a3 ibe flexphasd800af aanethdd dor detgrerinmgtaagess foaction of flow

ot her nmeasure. In_step .2106, the ss fractign is
companepifiipedlay swtenial fpsying thrqpeh g Ocﬁmte&&cmréﬁa g an

. e .

eml?cg&rhﬁ%?{%fa tyég \g%ﬁioﬁh legt{? tlibg g,atg% ﬁe&u@(@rﬁ%lsﬂ)osrﬂgqgﬂb Ys received, as
prefion¥Ehagdus£d00 of a nethod for determ ning a nass

fraction of flow conponents in a flow material f| ow ng

t hriouiep 2342, dwnisequensy eerpansryistsoesselwBhameieh Bker AR

invelr&tdé.on. e nethod of breaking out the fluid and
preﬁlé)gs r ?ﬁﬁléﬁe' conmponents fromthe frequency response

CONRY dt§S 33 (PRhE Qv BFINddnsRy (b.l.Das Hoermpedadd mesiouialiscussed.
filteri'ng operation conprises filtering the frequency
r eshostep2304, itheagdsi dessity (pahsd is daienmisedas pneviengly discussed.

e AP A8 FALREEY, SO MR R e
filfeqb 93653%@&1%9@&5&{@{ | 885is dete@ilddgad pRvIiBBLEBGHsed.

response w a second filter that subStantially o
r ej BiG.24 Be fldwiltr 240§ueficwmethodfondeternainthg a liquid flow fraction in

substantial | y passes the gas frequengy conponent. As
2 gavarmatenel fowine thiqugsr SRIHGHEE SpradIne P anRPEGEREY Of the
. ; id.e i . t .
i AR AL AL SRR KrblSotll oS0 B8 e mete
assERBBONG &isipFeviogty URdussed. previ ously discussed. In step

2202, the frequency response_ is filtered with a first
fi | frestep 340% e sansar sigaals caw be gonditoned gs ppayzousy,discussed.

freguenc sponse, is filt.ered,wt [ .

s Praor SelF e Srkdndtoniy & nf' B 0R " AERH, s deffined. The
ﬂo@%%hﬁlydeﬁaeﬂ%@ dét&rniRt @i Yh A seHsBY bigHsll andcths setpnddensor

In step 2205, the gas density (pgas) is determ ned, as
sigpale\Othesflywahsagtsistics, varigblep az@gcs,coastams ean elpo|be used in

agi scussed, the vojd fraction of gas 1418 is determ ned
maguy e@ﬁ@‘?l’@&ﬁ%ﬂéﬁle?@ponse 1410, the gas frequency

co kdl 5 d to a liquid

LTBPAER 2404 U 090l Ll Laigeey, sgapaBsiy ad o e

dertigtiye rTierpad demsitypis egpresesitativei faussdibwiGcti@Bof theggas flow stream
flowchart 2300 of a nethod for_ _det ?{Orvr‘i[ Prggt?o

and thediquath deasity|igtgpresentative of the liquid na.l Ir}l'agnsé embodiment,
both densities are known and used. In another embodiment, only one of the two
densities is known and used.

FIG. 25 is a graph of natural gas density versus glycol percentage (i.e., liquid
flow fraction). The table represents a set of data that is used for the comparison.
However, any type of data structure can be used, and the data does not have to be 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
measured gas flow material (i.e., total) density and a known gas density, the liquid flow

fraction can be determined. It should be understood that the data lookup can include
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conponents in a flow material flow ng through a
fl owreter according to an enbodi nent of the invention.
wonoeepi14901, the frequency response 1410 i s PeTRISY®E/031713
as previously discussed. In step 2302, the frequency
response is processed with a notch filter, as
oth@r faviods) shiyh 6¢ presssednd tamsdraqpre 3GBexangplev Brshblilddengideystood

i s determ ned, as previously djscussed. ln .ste
tharsdjOhglich fl geah qiHE ey P b cab Shen s aigslihid S be used
ancﬂ?e%@nﬂﬁ% y discussed. In step 2305 the void fraction

of gas 18 is determ ned, as previously discussed. In

St eRef2306y addie ta/BEG. 24, fiastep @403 4liqud drive frattimdis determined.

previ ously discussed. FIG 24 is a fl ovvcharii. 2400 of a
Theriguidflavs iragiéere pomprisRs the ARty of Perreriage of Bauiddn she,ges flow

l.0 teri.al.flow je
a2, SRR R KLY ol PTBLESogeRpttngo
corAPHafi B0 BELISANS Bis ARG rait andRe aili@itl ashflbweatep farexample.
assenbly 10, as previously discussed. In step 2402,

The Hquisldtosm frastiom ains be defetaingd ditim theresanpaaisop oé theotlew ptream
dergisy % B e KRN RS e AR TSP Bptagh b Yormprise o
corgﬁ%ﬁto Yofithe HABHAETE R IRY 'ﬂ(glbéﬂﬂethé kﬁé\?f{l %3\/@ aMsityl ddahe known

e second sensor signal. Oher
ligeidateasityeri stics, variables, and/or constants can al so
be used in makjing the deternination, if needed, In
st epyzemparingdh flgw CrepmafRrgin &9 Wq@«gweb%?aégew gd;the known
. ) ity | Ol R AYRrI AV
liaPERHORS cabiGin b8 Sl ML LRI for S 19 AERScion
detbhBMatibh e TRE 24tb tdigphidequli d density is representative
of the liquid flow fraction. In one enbodi ment, both
denBkiws =2k €Dkhodn and used. In anot her enbodinent, (49)
only one of the two densities is known and used. FIG
wheke DS.,a..Jik aphflo shetur ddnsigass depsningd fems te ghyaafignals, Dg is
percen [ iquid flow fraction

tage (i.e., | I oy . .The t abl )
therl@pweg@ﬁg@sigy,s@t 1sghe frowndignid qi@sgge%p(g 5qis aﬁ:ehquld %ow fraction.

conpari.sap. -Ho f cture can be
Cof SRt S padlidn &Y A Lo R R 10

for mXIh§mger%qgﬂnygraph line represents a gas flow (50)

material densSity for various fractions of gas versus

gl ycolF1d.n6Gaa feveharn600@Mathehed &atdetdratininge loysd dlotw
gas flow material density is proportional to the

frattiopirta fhoflo® maattiignlowing tkfongk a flrsvmgteatcdoedisg to e embodiment
of the invention. In step 2601, first and second sensor signals are received from the
meter assembly 10, as previously discussed.

In step 2602, the sensor signals can be conditioned, as previously discussed.

In step 2603, a 90 degree phase shift is generated from the first sensor signal.
The 90 degree phase sﬁift 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.

In step 2604, a frequency response of the meter assembly 10 is computed. The
frequency response can be computed using the 90 degree phase shift and the first sensor

signal, as previously discussed.
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measured gas flow material (i.e., total) density and a
known gas density, the liquid flow fraction can be
wdebt@roozned. |t shoul d be understood that the #aras2006/031713
| ookup can includeother factors, such as pressure and
tenperature, for exanple. It should be understood that
al thosigh260% agt@pbtrean densityadfithalgagfiswandteghlysalefermined using
ot her gases and_liquids ¢an be used and deternined. .
the [EOBeRGHESERREEN i eng-probogiment,fthe flony strggmn 5%*“%1& g?fafmmed by
‘L . : . _ Moe ! . ]
squg R BENRRy TS Eing 1o e toy rRopRgince

dergas ~f 1/6% D@Esheuidbe uddeestbodithiat ofHep Wotv driricderistinn, Yaeiables, and/or
su sequentlé used for performng other_ conputations,
constaats ean alsqbe usasia Malgng fherdetermaneion i negded nass f1 ow

r at fo ... 1he | qud.f . ti . .

ot B sirpea0e aB g TSnpaitdls SPAhaE) TP R v raction can
be d&B8hinkd Fmthd @Agparisbs of Mo gatesanhtiyy to the known gas density,

Al ternatively, the conparison can conprise a

as pemjsasiystiscussed. he 1 ow stream density to both the
oot P RS M L% SRR P SRR sl in

. ant . o]
ﬂog@?&niﬁcﬁéfﬁfﬁnéc%ﬁmg&ﬁ%mﬁeﬂy bEtdRvdrdn. An lsﬁé‘p' 270¢ 24 fiBf sensor

e used for the liquid flow fraction
sighsitaidnd seabhd sensdhsignalt dre raveivedi fs@s thdffeasmeated FheXisbD@Ensor

./ DL (49) where Dneasured js the fl ow streamdensity .

sighal and;the §eG0Bd SERN Stg?@{ %@rfj%? n%lﬁﬁ??é}ﬁ%ﬁ, ﬁ% m%te{lﬁf;ﬁ%‘ﬁﬁ\% in the

ﬂo%%‘?et%emi ty, DL is the known liquid density, and X is
eTiquid flow fraction. Consequently, the liquid

f1 opn 6eOT0D LN Grdvter thetfasrdenest dgral ¥né seyoedsensd signal are
(DL) / (50) FIG 26 is a flowhart 2600 of a method .
phasershiftade rFhaphage-shifiiag remprisss shiffisgitemsangorsigaals by sypstantially

.material fl.owing thrgugh.a flo L ' t 3
nirg R G ey LR e h ORI, e D e 3AFEAT oy Riety degree
ph&RGANH sensor signals are received fromthe meter

assenbly 10, as previously discussed. In step 2602,
t he s step G703 gyfradneencafobizeqendy réspaese) of thepflewmsies|iy computed.

I oSS o B2 oS B g e e

nir e bhioe SPIT F AEEE Ee C Rase shi Tred s

an &xstepl2904] 4 pladse uifferercaibeterst dedsenbatsigidlhsrcosgdat. In one
em%io irrlﬁlelznt:: t%g p%gseugi%t%rence is computed from the first sensor signal, the first
ninety degree phase shift, the second sensor signal, and the second ninety degree phase
shift (see FIG. 8 and the accompanying discussion). In another embodiment, the phase
difference is computed from the first sensor signal, the first ninety degree phase shift,
and the second sensor signal (see FIG. 12 and the accompanying discussion).

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

In step 2706, one or both of a liquid carryover or a gas carryunder are computed.

The liquid carryover and/or the gas carryunder are accurately calculated for the multi-
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In step 2604, a frequency response of the neter
assenbly 10 is conputed. The frequency response can be
woaoguezeds usi ng t he 90 degree phase shift and poguSsn31713
sensor signal as previously discussed.In step 2605, a
nS|t the gas flow material is

of
p h aﬂ%ﬂ?yn‘gsl? @effﬁ%(ﬁ?élﬁeycx %%dé@fr@ét phase gaterminations, as
@H&QQy&&&& h
pr squari ng tlﬁ’ga ;Télg e%%%@g%%@gag t ch ?%r‘?%gge{ Egn By determined
by quuarﬂad pfeveousiy discusmse anﬁlefrﬁmoncmetﬂ@d Sfiok ysxamg,yef(gae FIGY. 16, 17,

an@ig be underst ood_that other flow characteristi CS,
iPafl it accompagyingslisussion). cAlermpt velpetha ges cmmymk:r and/or the

llthaecaﬁilﬁfoggﬂegﬁ&% (gé} 1&(;5%82 g&%ﬁg{h@ pf’évgcﬁ,] @6%5%%3? sq%ﬁgtlon
mettzon, er eiﬂﬂnqjlﬁ‘(m@IGlSOﬁl-QB%n@QH@éédo?@’hn?fngtdl@chEl%W) In yet
ream density to the known gas density, as previousl y

an%ﬁlsrc tespyiveriis gas parryunder lapdioh sha li@rid aufoverman hedletdrmined by

O RSTRR RLA B A ST, Yo
and tesHRtomibiyihe AMRUSISHC FIShSBASRY tH Iﬁ@tﬁbd?{; eeﬁfe'rgll
fromthe flomneter The first sehsor signa d

corghiggtians dhe veroshipgas obgas dndrliquidi(ild. thp Ivafdeﬂﬁdtmm of gas and the
In step 2702, one

terial,fl ow ter
iR e . P Epeciatly hticommiieia et b b gpmponents
ofﬁkgﬂﬁﬁkﬁﬁ@eﬁﬁﬁﬁﬁmﬁﬁhfted The phase-shifting conprises
shifting the sensor signals by substantially ninety
de gThe setditedeotemidst andsnethbd asctording&hy irledfiee cAh B Bmplemented

t d t d hift. | t
acchinE 1Sy B erreypaamoRi seyaue &@3&%2;;1 oftvartieges, if desired.
Thé [RVABLE Eaﬂ Soth H@%@ %r nicﬂ'e %E‘?ﬁi n‘? ?lg) raé% ﬁj§8§1%§ |O§ ﬁ/g ume flow

frequency is g nerated rom

rateafod atrtheltfplisse flowetaerdeITRE iMRAGEN 83 FdpidigSop g%‘(é g Y
di scussed. In steg 2704, a phase difference bétween

chagagleristics 6pr a muidD aseslasp ppteread. The lmmtmnmadlpm@\nﬂe cbinputations
i.s. conputed fromt sensor
of BP0 i GbFRS pfink B post iasd reliphlin e Tvention can
proSRl@Qﬁﬂqpﬁﬁit&ﬁfs oF g Bbw cﬁﬁx‘icfe?ﬁﬁéseﬁ%g tHHnriﬁttMe Bﬁ&r &% and while
phase shift (see FIG 8 and the acconpanyin
congpmingslssopiocessingimeher enbodi ment, the phase
difference is conputed fromthe fi rst sensor si gnal ,
the first ninety degree phase shift, and the second
sensor signal (see FIG 12 and the acconpanyi ng
di scussion). In step 2705, one or nore of a mass flow
rate, a density, or a volunme flow rate
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are cal culated. The mass flow rate, density, and/or
volunme flow rate are accurately calculated for the
woubdaziephase fl ow material by using the fast fregusmmg/031713
and/ or fast phase determ nations, as previously
described. In step 2706, one or both of a liquid
WeGdildyover or a gas carryunder are conputed. The liquid
carryover and/or the gas carryunder, are accurately
1. cal Matesetastropics(BQ) fou Proosauns Sasensigale foma mpii-papssflow

fhe fast frequ y. an r .fast phase determ nations,
matgga]p]!nez{/fl%ﬁzg}ey rgggcclp?}?g%glgrhe gas carryunder and/or the

i %ﬂt&ﬁc&%?ﬁ@?)rfo@ adtebang g festengs siphaligl 109 ahda second sensor

previ ously discussed void fraction nmethod, for exanple

(see FI Gégnal@21h)7or theomubi-phase tfloav matesinbaangd n

g
di scussion). Alter i.vel t he gas_carnry.u r r
{ het PRGBGSR AR Roimipd R i M T e
previ Ousédhf%lnﬁé‘diﬁﬁ%éei%% ﬁfsﬁgéﬂs@ﬁsigﬁdlggﬂo) dderthexesmldeensor
(see FIGS. Z21-23 and the acconpanyi ng discussion). In
yet anot signaldP1 by fnamithe intetfaced 28 1 ); @ensratedrefirsh niiety degree phase
can,  be determ ned

l'iquid ) ' th .
or ovi ousHY 4SS &GRdhy Retoempr Sior) () SR Sra e minety

(see FI 4 ' - i\0
Fur Cher B et PR ST BAS) E2% AR SEBANRE pRI P FLp Blmpute a
The per caagages (2121)aagantt: of thefidst(inety degtee phasedshift (213) or
fraction of gas and the liquid fraction) can be th%P

used to &@@@ﬁm@@eﬁz@%&a@% ghift (@d4hcpmputg ¢ phase difference

f th [t - '
oot ont 2207 asilhels o aB G tisP el Gldk prlOSulFFEAS) end
i mpl enenfiRteds kPRI doPe s@Ehifh@ 18Ykadicorpiise dre or more of a

order to obtain several advantages, if desired. The
i nvent i omasaflowartsud3 ) msle@sltsn&%é)mr aavatume flavovate §3%) for the
density, ?ﬁﬁﬁvﬁlgﬁrﬁ flo r.aite for a multi-phase flow
mat er i al PHEEIAIRAAY 1 %N rapidly conmpute flow
characteristics for a multi-phase flow material. The
i nvention can provide conputations of the flow
2. chafhe hetdrsdleatsoniavRAyoficlgme 4 withdoe interfacedncduding a digitizer
reliability. The invention, can provide conputations of
(2(}23@%]13@%3@%%?11&‘9@%15?%@@]@%& than in the prior art
and while consum ng | ess processing tine.W claim 1.
Meter electronics (20) for processing sensor signals
3. f or The msiéd clghasics Royohehien i awithrhapfdcevuind systdrb)203) being
conprising: an interface (201) for receiving a first
furthen sonfigirgd 40 detenminenng os mee 6 g 288 AaBYURdey 2&}25() 91 g)liquid

for t Lt j.- phase f] terial: and i
cargiyet (20035 e ERFabaR el bR, The Tnlerrace (301)

and

-

4. The meter electronics (20) of claim 1, with the generating comprising using a
Hilbert transformation to generate the first ninety degree phase shift (213) and the
second ninety degree phase shift (214).

5. The meter electronics (20) of claim 1, with the computing the frequency (221)
comprising computing the frequency (221) from the first sensor signal (210) and the
first ninety degree phase shift (213).

44



10

15

20

25

30

configured to receive the first sensor signal (210)

and the second sensor signal (21 1) fromthe interface
wQ20@)o22igenerate a first ninety degree phase sRCTUS2006/031713

(213) fromthe first sensor signal (210) and generate

a second ninety degree phase shift (214) fromthe

6. SeCPRénReReRctdhRAL0) &lcldim tonfh tie @rﬁ;ﬁ&ﬂig%éphéé&dﬁferenoe
usi ng one of the first ninety degree ghase shift (213)
(220) comprisiog snuputing the phege éefquh@@e(@ﬂ} oy the zfarst eBrRs Hignal

By BB S R R T, BB el B 1

ni nety degree phase shift (214), and comput e one or
more of a mass flow rate (223), a density (224),
7. vol Thenfetanelecaoaios126) of dain hewithiths cqshpiting ﬂh@whase difference

2] AR GBI AR CRIRa PR QD] FRp (sgigt stador signal
Q2 1@)? NhE gﬁ‘gt‘?ﬁinét? dg%;@a 1‘ph5§e sthlf'ﬁ SE)SOk sStdiPdensd: sightd (PEDSANd the

‘ectronics cl al m W th the processing
secoyd harety ﬂé@‘):ephasegshifu@lh@r conf i gured to determ ne one
or nore of a gas carryunder (1425) or a liquid
carryover (1426) in the multi-phase flow material. 4.

g. TheqIg %&E}ereél&%oﬁa?&' (68) 6£Q%in?1h, ﬁ!itg'écfrf% fxroc@ésﬁr?%éﬂ?em 52031) being

generati ng conprising usi ng transtormati

furgRpebfigurtd Bﬂeﬁﬁ touﬂtl'fdﬁi‘aqu@ﬁgf €2 1phas et Kast 4 gisZ&éﬁueanyl
t he second ninety degree phase shift 214

compeorant é] 412 end adBrid 2eRuescyompanent WH t@r@émﬁpmq ngore ofa

voltd S ioR AR 18] Phe TEHRL %?é‘f@g@g?%‘%é&%é%q%e i

(14]'05‘ ahd oHE6F ﬁl%repbﬁﬁl% 2B iffebuéntl Donponthe(1MB L Pand the fluid frequency
el ectronics (20) of claim1, with the conputing the

cophasent (14 6dr @ucmn(l@ 209 ocnmm pE# Higuiskphsse derpityr(d4phleefen liquid
0%1%(?@5%&‘@50 e AEpbaRtl 712 g Brpfiidhan ofa ges
ﬂo?\%%?ﬁkg(%r& {1# ﬁiegﬂﬁh #a%%oﬂ-))f gs 14h8), 5RE %Ete?ﬂnﬁfet $RdrGhore of a

e co |ng t he phase
ga:ﬁd:drf}emdmt?@. 4(22)2615 the amqdtiistiang ﬂommaterlagon mhqunkia@e"yover (1426)

difference (220) fromthe firs nso n

usipg @ngoF §1orp PhEEyY i fraskon Ahges éﬁig} Or(t%iglﬂglcf ﬁé& @ﬁaﬂ
sensor signal (21 1), and the second ni nety degree
phase shift (214). 8. The neter electronics (20) of

9. ¢l aiTie hnet¥ dibctidiecd 20% 66 slalig 85 wéthahe bl?&B:)ngb@Jtmgmpnsmg
further configured to break out the frequency, (221)
praogsingthel feegyeney mpsponsedddbhicyith one or more filters'that substantially

reject one of the gas frequency component (1412) and the fluid frequency component
(1416).

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

(1416), determ ne one or nore of a void fraction of
wgaeo7(022k8) or a liquid fraction (1427) from tRET/US2006/031713

frequency response (1410) and one or nore of the gas

frequency conponent (1412) and the fluid frequency

conponent (1416), determ ne one or nore of a liquid

phase density (1_422% of a liquid flow conponent of the )
11yl The pet @lgationicrd 2@ ofalaist 8.aWih she feiemnigingqne or more of a void

142 f fal ' L 1), t
ol R % BB LTSRN bl 36 e
den@ﬂ']{f (YATWEForh WL Brq@incy Respatbd (14005 SalculaingrplliEticampohent
a liquid carryover (1426f usi ng one or nore of the

dengiy {1432dtam thefluigdsequenagyorspordiit (141 epleHaiéng »gas component
4 T | i ' i
densiy o e BRcEmEReY By SeuL ey R e b

fradtfHPONSA ((418H%s aVatib 0P AR MiiidBdRohbAL @&nSity (B422) minus the overall
substantially reject one of the gas frequency

densitpg d4ztdividéd by thafuidneonipanedt dmiméh&%aomp@ tlergas' component
Y‘%A%ﬂ 10. The neter electronics (20) of claimS8,

ety K144 br eaki ng out conprising filtering the
frequency response (1410) with a first filter that
substantially rejects the gas frequency conponent

12.( 14TH} nanet ededisindast(R@) byclpims $ ewithhiee ptackeshifg seteem¢303) being
conmponent (1416) and filtering the frggﬁ nc%/ reis onse

furthen eoptigyred tebesak oMbthe; freavenenepspannsdd 4R mtq 3 lpast agps

h lui d f t ' :
el eSOl On PR bt an
ovdrill glendity (1@20PEbALLS flddBeddyiesbdrse LEINydaamiiasaias density

(1416) and the second filter Oliléf)m s the gas frequenc

(1423 rfronetite gas feppency. componest dié 18). sletarmyinea vpigdyacsion of gas

l,ai.m 8 ith the determini ne or. nore . of a voi
(14155 b tpedrecsa tested A0 ins AR s g Bapsgdhency
coﬁﬁ@iﬁgﬂt $142) GAH ¢ ALidTBeRRNEY 86Bbbndie (B4 116), Antddrnlih® Bimass
the frequency response (1410), calculating a fluid
fractiorpdrddf) froemthietvwpid frd@n 61 gam(i HES)frhultiglied by wentg of the gas
conmponent ..(1416), cal cul.atin s conponent density
der(SiWﬁjlfﬁr%d@%ng%OY?réﬁ3@%&' @&g‘&)nent (1412), and
calculating a void fraction of gas (1418) as a ratio
of the fluid conponent density (1422) mnus the
13.0veTak maendedtyoridsd20) oficluinléa, with thepfdeassihg o €203) being

density (1422) mnus the gas con‘pon%nt density (1421).
furtter copligwed s deferpinegnnass {owyatef(223)Atitha flow paterigetrom the

BGPTSRV T BV g s

anda 98Sonl s eBEY oA STROARE Iking khd Masdfdctior (14i19) i theenas flow
conponent (1416), determ ne an
rate (223).

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

gas flow fraction (1428) of the gas flow material and a predetermined liquid density
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overal |l density (1420) fromthe frequency response
(1410), determine a gas density (1421) fromthe gas
woneiweniay conponent (1412), determ ne a void PCaaS2@E031713
of gas (1418) fromthe frequency response (1410) and
one or nore of the gas frequency conmponent (1412) and
(140Detiak i @pfdseauene yf ¢ tigpid ey flatddd) 142D cardiedetsrmiing ode or more
mass, fraction (1419) fromthe void fraction of gas
of ¢ ligyighflow |ﬁta|c1ap1i1 ey oz arzas flewolragtipn 438 faemy tbsf Comparing.
di vided by the overall density (1420). 13. The neter
el ectronics (20) of claim12, wth the processing
155y shemethddIbr PRicBGiddsdnker sigens faw dltl-phaletfiywiieril in a
mass flow rate (223) of the flow material fromthe
ﬂowmﬁ@re(ﬁd,;thmmmcb@omnmug and determine at |east one

0 onfisbine e YERRRL TR 2t R atechh RRS tstaR o0 1 far the

mass fl owigiaé?BSW-mddriallhe meter el ectronics (20)
of claiml1, wth the processing system (203) being

fur ghtmraﬁmg]ﬁ figstméakety degiga pheset dhéft (2 B femo yhe Srspeenser signal
(1410) t nerate a.squared fre S

nvert t keI qad 2eacRHEE ASREARd TS S8 EPIgan B L @14) from the
subst ant fl ow stream density,

conpare Fﬁédnﬁﬁg‘g@%%ﬁ%?%‘i?,ﬂst ant aneous fl ow stream
densotputing atfrdqaarsty @a¢) oding one ofltedinsi madtymr@:hqﬁﬁxise yhift

(1421) that is representative of a gas_f| raction
(1428) of2theangdhe sacond minesy ﬂ%greéaaass Sﬁ‘?ﬁég?elt“éfm ned

l ! q%xglpgﬁg%' %&&4&@&%3%@ &tﬁ%lle i R4 ﬁ?st n1nety degree

action ter m ne one

of a | i qphesef shor/(IT @hd@lﬁbéebéﬁ&h degras hmvghft 214); and
fracti on%( 14?28) f(roz?nthe conpar i ;]r@ty 15§@Aprret hoa g ) an

pr ocempiitigs saneomozs ghamsass ﬂpWaratﬁﬂ2t23) arressity (234), o a volume
t | f t h
Fece vi ngo s E23TEnahe el Bt Raea cecong

sensor signal (211) for the nulti-phase flow material;
generating a first ninety degree phase shift (213)
16f r oifiht meethod of clasmd 6y detemmiaing( @E0)r mo afergasaainygnder (1425) or a
second nin deg ee phase shift (214) fromthe second
hqgléir@srryog%ﬁéﬁ@ By yrm@B 8 awe{néfﬁe sency (221) using
one of the first ninety degree phase shift (213) and
the second ninety degree phase shift (214); conputing

17a piTasendthdd of elaie 16 2@4th this pargrativg @j’mpl’(imﬁg uﬁmg heHﬂbert
flrst ni nety degree hase shift (213) and the second
trapsfpengtieretyr gq;nefﬁ% t ripetydegyee phage shift (213) and the second ninety

degree phase shift (214).

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

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

comprising computing the phase difference (220) from the first sensor signal (210), the
first ninety degree phase shift (213), and the second sensor signal (211).
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conmputing one or nore of a mass flow rate (223), a

density (224), or a volune flow rate (225) for the
woubdaziephase fl ow material. 16. The nethod of et&iuseds/031713

determ ning one or nore of a gas carryunder (1425) or

a liquid carryover (1426) in the multi-phase flow

20. MatEkd @kthod bf cli® I wathelcosipating e pivist ldiff&rence (220)
generating conprising using a Hubert transformtjon

t
compsisinmcanpiiing the phase dislerenge 22D fmadlee St pensep ilg)la%go), the

s
ninét%?%fe%mgé slifqeerputing the frequency (221) from

rst sensor signal (210) and the first ninety
degree phase shift (213). 19. The nethod of clai m 15,

ith th i, h diff 220

21 Conbs SERGACE AR by HES RAYBINAE T or ence (220) f rom
o> ! | ! (

t Z%Ifgﬂglﬁ% fotﬁ??i%%icl’%bgﬁgtﬂ(l?%gb at 138t 4 bdsStredticR6y ¥oMpah@R (1412)

ph t he second sensor Ssignal
(211) . 20andThfuitefrémpency camhpomert%14Mi)t h t he conputi ng

e B, e once (220 SR 2R G Dl
phadeer r action
(210), 't ngz%r Fi3h Ak 'ﬁee%ﬁéiqc?g{egﬁodﬁ? &12@1 02 té‘t'lﬁg)n(‘—: 21+ ore bithe gas

second senSofr “signal second ni nety
degree phagenshicbinpoRdmt)(14 ). andhae fetdfrequncy lcaimpoiént (1416);

e oL S PSS R e L ERUISY (22
fluid f i 4 . de L i :
1131 SRR, ETRSDRL ldEol L DpBpng s 1421
fracti onof 4 d2s/flow cefpoRent iseperayid Bapsisef 4ak419)8)aned

one or nore of the gas frequency conponent (1412) and

t hedétemminirfe enpueroygrecafpeasaatrypnderd) 42 Yeafdherimiliigbasreflow
or nore of a, liqui.d ase densi 1422) of a liguid .

1 ow conpuieia oo TaHE merehided) piideshe Pkritay bl oid
gas phasg.,dedsi ( ) : ; onent using

t he voidﬁ?ract?%%mé$A§§§K?§%%%?@qgﬁgﬁgggggﬁining one

or nore of a gas carryunder (1425) of the nulti-phase
flow material or, a_liquid carryover (1426), using qne
22.0r 66 ErsGhod peloicn AL e 1eceBting 28t Ry ing Proqiess the
Liquid fr j )., Laimi2l,
el BN s e Pl Rileone o e
gas frequency component (1412) and the fluid frequency component (1416).

23.  The method of claim 21, with the breaking out comprising:

filtering the frequency response (1410) with a first filter that substantially rejects
the gas frequency component (1412) and substantially passes the fluid
frequency component (1416); and

filtering the frequency response (1410) with a second filter that substantially
rejects the fluid frequency component (1416) and substantially passes the
gas frequency component (1412);

wherein the first filter outputs the fluid frequency component (1416) and the
second filter outputs the gas frequency component (1412).
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frequency response (1410) with one or nore filters
that substantially reject one of the gas frequency

woaogonzng (1412) and the fluid frequency conpeaemis2006/031713

24,
gasd4 besortenléqual ditagtion

(1416). 23. The nethod of claim 21, with the breaking

out conprising: filtering the frequency response

(14109 metHda of dldifs21, Wikl gfe debanising el ngdrk pi aejobd fraction of

the gas frequency conponent (1412) and substantially
éll}&?h@ym@@ﬁ@@hent (1416); and

1 1 vl SEohGEAERTY (TPRPERE.bp R Hhebl Spa ETRR:
??g@ﬂ&ﬁﬂﬁné 240 cafporfeb atantyl @4hy) PassBe fluhbfrg@sency
guency conponent (1412); wherein the first filter

out put s témpéent (14l6¢quency conponent (1416) and the
second fj.lter outputs e gas,.f ency conmponent
( Laddyuizting e HbRumb Ao, (S5 G e ERLREARMey component

determ npagz?n&dor more of a void fraction of gas
(1418) or a I'iquid fraction (1427) conprising: i
cal calbwltiing aaoidfrastainl ofgmn€i4 \8) (k4200 Of the filnd component density
frequency respqnse_ (1410); calc (N . ui.d . .

conpone nill Gehgnys the py 9153)1# JeBsity EL‘&I‘Ob H?"dg?‘{ &M‘ﬁ/‘d component
conponen ; ] ensity

(1a20) 1 P B 9 e

calculating a void fraction of gas (1418) as a ratio
of the fluid conponent density (1422) m nus the

25.ov el he medleors ot ¢laim 420 rthes,¢IBRFIHYLE he 1 ui d conponent

26.

o5 Bkt Brdiihey nRpRA% CRTRERRH GATE g ity
br eaki ng coMpohdi (14129 taﬁa@muﬁ@mqaa@i(a&ﬁ@nehﬂgmﬁ);

| east a gas frequency conponent (1412) and a fluid
f r edetermininpapoverall densitys)l420kfremthaifreguencyoeepaiise (1410);

ot Briem 1423@@%@@&%2?@}5% e gz_{sﬁt_ﬁ?ch?;ﬁ%é gélr%gﬁént (1412);
fr eﬁé‘@ﬂﬁ}ﬁiﬁé’ Q'Q/'Bf&faﬁléctfo%ﬁ@aé ( RIS HFBnR kIO 8quéAt | response (1410)

fraction ofTgas (1418) fromthe 'frequency response

(1410) andd oneopmordotthefgas fieqgarscyf coeapoment/(1ddApambie fluid
(1412) and the fluid freciui cy gonponent (1416); and
det er ni nilifgUENCHEOEIONSRY (14A0Y #849) from the void

fr a%’ée&ﬂin%flg Aash hadn (1419) from the void fraction of gas (1418)
multiplied by a ratio of the gas density (1421) divided by the overall
density (1420).

H

The method of claim 25, further comprising:

determining a mass flow rate (223) of the flow material from the frequency
response (1410); and

determining at least one of a first flow component mass and a second flow
component mass using the mass fraction (1419) and the mass flow rate

(223).
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multiplied by a ratio of the gas density (1421)

di vided by the overall density (1420). 26. The nethod
wohoalazirs 25, further conprising: determ ning BCMISSO06/031713

flow rate (223) of the flow material fromthe

frequency response (1410); and determ ning at |east

27. oneTigf matholdrsFteldihovs, Caripanreniprivegs and a second flow
conponent mass using the mass fraction (1419) and the

nawuwlngmﬁheaﬁ@qqeg%yeszvnsamél%ﬁorﬁ?ae@fte ¢ Paligrpd Bequency
further conprising: squaring the frequency response
(1410) t15° & ate a squar ed frequency response;

| nVigk kg thd S RRsPegudncs depRaYe feshehiseaktbganpiligt e a
substantial |y i nstantaneous fl ow stream density;

conpar i nglstah@nsulnﬂsﬂaWtStraalm;denﬁgt,ant aneous fl ow stream

densi t t | east term ne

(arartig: O e p e Gal iR G AT dR R R ome of o
(1428) reHQt‘érrﬁ df aQ\ﬂ’eﬁ@%’Q‘ME‘i tﬁﬂﬂs%}ﬁ%ﬂﬁé‘cﬁfdﬂﬂlﬁgﬁs flow

l'i quid nsity IS representative of

liquid ffrmdrr(dé%)mf t(n&@ﬁs?ﬂpwandtedel adi pradgteunmedrhquld
nore of a liq ﬁﬁ\{vfractlon

(T act | onemsda) DR h BT oHRRIVA T Edstih g Ragronal427): and
pr o&&éﬁ{uﬂg}g‘c‘&{éﬁ@r mkedt 1?%{19 &lo@v ﬁHﬁ%ﬁE%ﬂO@QQ§?m“ 4 O flow fraction

terra a wTet er conpri si ng:

receivi ng@s?%&tmm&qymﬁggnal (210) and a second
sensor signal (211) for the nulti-phase flow material;
generat| ng a first ninety degree phase shlft (213)

28 o Rt RoR DS el ERE sshn el o Rl PRAS TR Al ip o
ﬂomaf(s‘fltﬁélﬁiet}{o%ﬂc&ﬁ rigQAPUti ng a frequency (221)

usi ng one of the flrst ni nety degree phase shift (213)
or tdveiviezo nﬁdstrsemwgmeb@é@) phdie seesmdrsengar signal (211) for the

computin ase.diff ce (220) using one or nore
of the f?fP@fe“Pﬂ d’éag > phase shift (213) and the

seconel BiAS Yird ?ﬁﬂe@f dBHas ghaddishift (ZB4)from the first sensor signal

(210) and geﬁerating a second ninety degree phase shift (214) from the
second sensor signal (211); ‘

computing a frequency (221) using one of the first ninety degree phase shift
(213) or the second ninety degree phase shift (214);

computing a phase difference (220) using one or more of the first ninety degree
phase shift (213) and the second ninety degree phase shift (214);

computing one or more of a mass flow rate (223), a density (224), or a volume
flow rate (225) for the multi-phase flow material; and

computing one or more of a liquid carryover (1426) or a gas carryunder (1425) in

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

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

degree phase shift (214).
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conmputing one or nore of a mass flow rate (223), a
density (224), or a volune flow rate (225) for the
woubdaziephase fl ow material; and conputing one BCTMSR®6/031713
of a liquid carryover (1426) or a gas carryunder
(1425) in the nulti-phase flow material. 29. The
30.met Thelnefhod ¢f dnird2 8, Writh tHehwngemeipahe figqoargyr(281 nemprising
using a Hubert transformation to generate the firs

t
comppitisngthe dipquengy@2é) Erny the (ratensmignad (KL gad ths Hest pinety
degree p ift (214).30. The nethod of claim 28,
de%egﬂﬁqs‘%gﬁﬁi%éyi ng the frequency (221) conprising
computing the frequency (221) fromthe first sensor

signal (210) and the first ninety degree phase shift
31.( 213he n@thodTdfeclaiot A& dvish thel compude the phaserdifewmse (3%

corRaSBE pPPBliEn s {1350 T meAeo) PR EXRE bR slelfl 210, the
ﬁr# ﬁﬁll@cy dédige gfxés%tshﬂi (Eeit?% SROhe §§&ﬂlg%§nﬁ}i signaf 213), and

e second sensor signal (21 1). 32. The mnethod of
claim28, with the conputing the phase difference

(220) conprjsing c ut j t he phase differ.ence
324 2 o the Fithod &t cldion Shrvich Bk ot Bt (B wbigs diErarch 12
coff AR SBHRRng W prak e Milerch i 220 AR B TR o G ! B0 the
first dineth degret basbeahift (203)) th8 sedorrd Seasorcsigrml (31 I)gand the second
_breaking out the frequency (221) into at |east a gas
niretedpgprephase shidhedtt) (1412) and a fluid frequency
conponent (1416); determ ning one or nore of a void
fraction of gas (1418) or a liquid fraction (1427)

33f r ot hethsEELERRY 28 HPOBS Corhpddify: and one or nore of
the gas frequency conponent (1412) and the fluid

f r eueaking @otipofrequency 423)); iniert deast aigag fierecnsy coppenent (1412)
l'iquid . ity (1422) of iquid fl

conpanenthor L ERANSHE SHATERPRATHEE o al o a gas

phaggtfeggfgﬁl%b{né %141%96 9fa ?%iﬁaﬁacﬁibﬁ\@f %ﬁ@?ﬂ%ﬁ‘ bor H3iq0M! fri@ion

VOI n of gas (1418); and determ ni hg one or
nmore of @l14943 fiwan theufinetpren(yl A2pdnsef (14 he) and ere-grimete of the gas

::):r “ore SRR oo 4G I adiid REghensy fwonent (1416);
i Al bl o bt o i HHRSCBLANY @hod) dtiafigtd flow

component of the multi-phase flow material or a gas phase density (1421)

of a gas flow component using the void fraction of gas (1418); and

determining one or more of a gas carryunder (1425) of the multi-phase flow
material or a liquid carryover (1426) using one or more of the void
fraction of gas (1418) or the liquid fraction (1427).

34.  The method of claim 33, with the breaking out comprising processing the

frequency response (1410) with one or more filters that substantially reject one of the

gas frequency component (1412) and the fluid frequency component (1416).
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frequency response (1410) with one or nore filters
that substantially reject one of the gas frequency
woaopgonzng (1412) and the fluid frequency conpeaEmis2006/031713
(1416).35. The method of claim 33, with the breaking
out conprising: filtering the frequency response
35. ( 141609 meiHold oF cldifmsI3, Wwith gie tréeding btisdonprisahd:y rej ects
the gas frequency conponent (1412) and substantia

|
pasiléeringbe eaqule@qmmwé;él%]&)p’éﬂ“)eﬁﬁrf{tfﬂ@s}hatéﬁbstant%/aﬂy rejects

filteri t he.f i f. .
f1ter (RGEACHBONaY TP R dare) s tbrhliapf pASEORS fuid
CO”ponen&aﬁkﬁéﬁlmﬁ.6néﬂ?$lﬁﬂ§hﬁl|y passes the gas
frequency conponent (1412); wherein the first filter

out fitering the ffelquenbyf resppnsady4 Urpidne Aecond4iley thatgubsiantially
{1412y s Y Rsatcey domannsd A7) SRR RRERkaly passes the

determ n SmpEn: (fav9i d fraction of gas
(1418) o$ﬁ?ﬂﬁgﬁ%cfr cti or(1 (%’27) conpri si ng:

cal wheid thg fast filveraitputs resiltig fe2ady ¢oroporene(1416) and the
frequency response (1410); calculating a flui
conponen%ecél%‘?@l&?&o‘(‘tﬂ'@zt © BROHPEHRRCY I8 Ofl?%tcf&gh%)y
conponent (1416); calculating a gas conponent density
(1421) fromthe gas frequency conponent (1412); and

36.cal Thé afetingl ¢f dlgind3 3 naieh trendeddrngamig(chdld)mars of arvalid fraction of
of the fluid conmponent density (1422) mnus the

gasdé1 8) or alequid dipction £DA270icoMPERINGy the flui d conponent
TN B

er cC

br egdgbmetifth hlecdhpeien a¥ndigSRADDERbAKE Yluid freq@dncy
| east a gas frequency conponent (1412) and a fluid

f r equencyorponpEmh €1t16);1416) ; det er mi ni ng an overal |

g gtn geiﬂ}:r%/lﬁ’g(i%é' 521 %)aﬁ cféél%én@itlpg& ldfﬁl’rl e‘%ﬂé ril? ¥} ﬁ‘gﬁ]ptﬁg %% éréé[&eorgcy component

frequencyMgg pgent (1412); determining a void

fraction o as (1418) fromthe frequency response
¢diddlalingn dothaaionnafiges ¢4 18) es gastié o€ theelhay compooemrdensity
(1412) and the fluid frequency conponent (1416); and .
det @ﬁf%za. migsethey eraddeeits 4201 S9306¢ Ghinering spipponent density
fr a&t4|2%1 m%usgtﬂg ggg'é&%})onent density (1421).

37.  The method of claim 28, further comprising:

breaking out the frequency response (1410) into at least a gas frequency
component (1412) and a fluid frequency component (1416);

determining an overall density (1420) from the frequency response (1410);

determining a gas density (1421) from the gas frequency component (1412);

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

determining a mass fraction (1419) from the void fraction of gas (1418)
multiplied by a ratio of the gas density (1421) divided by the overall
density (1420).
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multiplied by a ratio of the gas density (1421)

di vided by the overall density (1420).38. The net hod
wohoalaems 37, further conprising: determ ning RCWAS2006/031713

flow rate (223) of the flow material fromthe

frequency response (1410); and determ ning at |east

one of a first flow conponent mass and a second fl ow

co nent Ss usin he mass fraction (1419) and the
38nas %%h@?éclez@é%a er $PEPHEPB0d of cl ai m 28,

fur tdlagaehtngﬁ Ein'?ais? gfowc‘&lﬂ@gi.ﬁg oﬁ}f‘e 5 WEOTH &= gt?en fE&quency

(1410 nerate a square requency response,
I nverti ngespbgsss4a0gdntir equency response to generate a
substantially instantaneous flow stream density;

S comdsiermieg at leag gt iadisy lowsosmoanrignassiandye secprdfiow

(112 1) cRpopef ik Bhethe Ryl BHELS] OLAT5Y T RER A rae

(1428) of223)e gas flow material and a predetermn ned
liquid density (1422) that is representative of a
liquid flow fraction (1427); and determ ning one or

o S AL L LR (4457 o @ s 11 ow
10 squaring the frequency response (1410) to generate a squared frequency
response;
inverting the squared frequency response to generate a substantially
instantaneous flow stream density;
comparing the substantially instantaneous flow stream density to at least one of a
15 predetermined gas density (1421) that is representative of a gas flow
fraction (1428) of the gas flow material and a predetermined liquid
density (1422) that is representative of a liquid flow fraction (1427); and
determining one or more of a liquid flow fraction (1427) or a gas flow fraction

(1428) from the comparing.
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