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METER ELECTRONI CS AND METHODS FOR RAPIDLY DETERM NI G A
MASS FRACTION OF A MULTI -PHASE FLU D FROM A CORI QLI S

wWOL@INMETER S| GNAL Background of the | nventi onpdT/UR20eé/0i19595
of the Invention The present invention relates to

METﬁ@tE%EcﬁJoﬁ? d %ﬁb%i%@gs ek hodsof o Eﬁﬁl\ﬁbnzk I'i&lsﬁ lf@x\%%lON OF A

fraction o [ ow conponents 1 n a | ow mat er

thr OU%L@IJPIH% RRLERS wreM AStc@f@c;f&@tn% barPEoRlem | t

is known to use Coriolis mass flow neters to neasure
mass flow and other information of materials flow ng
through a pipeline as disclosed in U S. Patent No.
Bagkgrourgbef h§s‘m€§ntl©n\] E. Smith, et al. of January 1,
450 to J.E. Smith of February 11,
1 %9%}% ?%eéé’e’? gl meters have one or nore flow tubes of
di f TReenésehOMveaticdABS to ARl cleeftbitic af® Ridtgdtsabt 88termining a
may be viewed as having a set of natural vibration

masp frastipmof ﬂdWr@mﬁamlen‘ma afloey nsiterpil élowanglihrgpgh a flow meter.
t r si onal and coupl ed nodes. In a typical

BRSO rfﬁ%?"? & measur ement application, a conduit
confii GuhdnQp use F‘?ﬁ’ash o e Es‘i;éorh asYxh?fn%Eé ﬂﬂxg and other

nodes as a materia ows throug ondul t,
infisemition of muteeiatsofeluing theoughaspipelthesds (hsnldmﬁl 1& FE}HSeEatent No.

al ong the conduit. The vibrational nobdes of
4 %e%?%i iggueritp J d Seish. gl @f danyary hetP8orandaRe. 36;,45[%@ J.E. Smith of

FeB TF Jk8s th%fsef' hE% lfnl e Al ?ﬂ eﬂ?%&#@%ﬂo{%&ﬁgk %% fhfferent

e flow

coﬂﬁgmuémsa MEghCnAasR cedfigiaabh Aty®e Hib®ed B Bivifik A&e06f natural
the flow nmeter. The material is then directed through

vilratort medes itstuding, fionexanplessimpde bsriding, teusionabuwadiat @rd coupled
on the outlet side. Adriyv

mdfs 108 Bibied] GBS T edSin@onfdortisifon A Gldtf, 1o

coﬁﬁQlWaﬁé&p?s éx‘%lt@§ ‘i’ﬂ bh@éﬁmoﬂ‘@i‘ﬁré‘cﬂﬁ&ﬁod@s 3%, MBleBh] Abws through the
[ Owi ng t hrough low neter, all points along a

coﬁdhut/yand ot sl thaben&mt s raensincelrat ipoadts preaseé aloAg the conduit.
I fl th the fl .
Cor i @IF%’ébr g%qﬂév qsmgﬁv%@aﬁe%%gﬁgﬁd gxﬂtﬁgs alreo(%'lrxeﬁén prgRy the
coﬁl'ﬁﬂfedtlﬁa%g%\f‘%h@ Sése dbtﬂg ?ﬁerﬂlt\ﬂtﬂﬁ %l’?ee]tqﬁwttﬂb% tl\gﬁlterial flows
nts ng t oW tu e I nlet

mt@lthieﬂoév théer frbm/\a t@kﬁ&cteﬁqﬁ}ﬁélhﬁ csifﬂhwe diilet ¥ille b€ tHehRow Maser. The
on the outlet side |leads the driver. Sensors are

maseripd dsithen diertedthinueh shatlawdnbe pellowdubesans exdtsgho daweneter to
o PRt BRI FRRRC L v oF L ot on o the

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

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

WO b@w/1215bes. One application of a vibrating fl oRCT/UR®06/019595
devi ce as descri bed above is in neasuring a mass fl ow

rate of a flow nmaterial. However, in sope flow o
mea$necapphicadn, oh HRibEng o ubq ‘iﬁﬁlfffﬁaftséﬂ;g‘éqlb%ﬁhﬂ”@é%gl
e el .
il LRRETS LRI Db AL S B TG B0 Bygremen

enbibiithemBane flovomareriab codbris@mmuBrphaefflow that irudes two or more
mat eri al that includes entrained gas, such as air, for

of extbwgh phasepa gas phasgranca snlideplase.c Aneronmae etlttmiage flow material
i.ckl o) atisfactori.ly track or determne a
coftpritet 1 Bull A5F wRAT Rk o Sl B Sy example
t he A bavt sRtRHndter Einnef a@h%atéffy,b{]ﬁbplfk,y of $MOPRESHIS tALR or
e o0

desi ghed to neasure nass flow fa a relatively

determiriesa picloffisehsor frequeneynditrirg atwo-pbasevibry obtrdiliew naterial.
fl ow neasur nt reflects the mass of the.fl ow .
Prigg g vibgatory StERAG gSigped ioduoaHE RATSAOW RS RiGslatively
RErifE RRb ' t
steBROSH GHEPAGK ALl Hobp bl SRANAN. ek Lo YRR roflocts the
maye bf theafl ow madterdals alenpt eianges @i masstdaa cause dmdairloas measurements or
transiti n% the fl oweter can_cause spikes in the

the masi Baw FhreggsHHe BOGEVenrEacked RintreHowmeisse Fior egapley where the
flow ﬁl%{e?}a? ﬂ{kl&?els! %ﬁtrgfnfeﬁlaﬁ"u lcﬂeyailL E‘uﬁﬁ%set?msﬁcir%%th% N RGHHAES cause
nmass ow rate and can be propagafted rough “any

spikeb seteedquent crdsponsens tid flowheter! IThWs€ heqgagicy erfrs €& cause
_Consequently, the phase determnation is |ikew se sl ow
diffieulty in detepninieg amacauinate prase flos tateland saasbe prepagaiedthrough any

i ff ' t t i ned.pi ckof f f .
T e PR N
defARROMBAGS ik BwisE 81 8% ed6t SroRb NAthE Briod &€ dEA%E theiphase
increased error in the frequency determ nation and in

diff¢trenghasieg thet daterimadd pickoffdedjuagcyt ol harefoea ey eeror am then
determning the mass flo ate. |n additi.on, begcause . .

freqpency; eé?rﬁ‘%%téo? Fé&ﬁé’r‘?&”ﬁl&ﬁgﬂfge Pléai?s‘g‘ae%nﬁéqne rﬁ’%’?s‘élt 18

GBS S AL, AR SR adEmigpion, v

ingedsed etror ihdetbreigugniby naek €ow rad.i Dadditisg beedisd the determined
conpounded_in the mass fl ow and densi té ) o
frequergynyatar isowed trdgfermine grmassflnve sah and agenty vrjua (density is

f ' d i sf i |

sop b PRLEH B R E oA AR A TR e oy,

de®¥itnidatioaUs Rtaa lop CBnpeth &l inhé #lags Fl¥®! ahdsded¥ity EB@rminations.
prior art frequency determ nation typically

charfaptier iz epproheh fd meteomgra ow imetenpad doosinoff satisfactasdy measure
. 1-2 seconds and thergefore oduces an average
ingty yRE g SREA BB BLoVF L P B Ak e olfdfrmpigation is
rela@bdis SRR OTHe hR6r 2k BYhBerRBaRferidiMorAfically characterizes the flow

over a time period of at least 1-2 seconds and therefore produces an average frequency

measurement value. The prior art approach is satisfactory for single phase flows and
flows that change only slowly and modestly. Sharp changes are not measurable in the
prior art. Accurate measurement of individual flow components cannot be achieved by

the prior art. The prior art cannot accurately determine the mass of a multi-phase flow
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flows that change only slowy and nodestly. Sharp

changes are not neasurable in the prior art. Accurate
wore@seBeent of individual flow conmponents canP@OL/URm®06/019595

achi eved by the prior art. The prior art cannot

accurately determne the mass of a nulti-phase fl owat
at 3 ppiIt it time. tihpepriorret ¢anney defenming throasfelregtionnd ingigidual flow

i on.:aofi. . 0di vj dual flow conponents of a
Coﬁﬁﬁé%%éﬁgfl?ﬁaggﬂ%ry of the Solution The above
SudiiaPy bEthdSslations are sol ved and an advance in the

art is achieved through the provision of neter

el ediheabore antathes prddems are sobiedrandrinrrgvaneraisghe art is achieved

B e BT R PP P B P phld M acion
of $RGEESThPO NGt A TRESw haetialbwihg ihieR ARANERE. | N a
flow material flowing through a flow neter is provided

acc Mdenglettvozins Erisletirmening afmadsdraction of iflow cothponeatsein a flow
e Lot HEDRR edTes et if Pewidhet ae P e emBodiment of the
. S i I a I i. 1 . I . r
SRR R LD COTMLE R B! by e AR By
redpoeasgiefiby floes panstal bnd mprdeessing sydtamdn camahtiestionomith the

. the frequency response_ intqg at | east a %gs frequency
inteHAgfo nERt PLasESsinG $stem 15 ulietesd todrprdne e frepmency response from

EhPERaS! i SIS B8 SRS SRR B B ey
cofpoAEHt 4he AflgaSrélRBacy Yorhpérbnt. N"Eh@ prockERatI§REdMm is further
conmponent. The processing systemis further configured

copfigaret é¢ deteemingeanaiegali densitly droro theyiequangyrrespense and determine a
freque response and one_ or of the gas .

g2 PG B B Rt CoReORet d B RueRFamEs SEuRpdA Sither

coﬁﬁ?uﬂ%ﬂ 96 BER A S VBIA frictfond dak Ao eI RnEPresponse and one or
deTerm ne the mass fraction fromthe void fraction of

magaofthd gaspiéqenty campandnd and thehBuigddsequensy componanted@he
by the overall density. A nmethod for deternining.a )
Progksing sYRed Fther g 1ggRp dnarieEming the maghiragiiest fram the void

f.]:0mi | LQVi ' :
Ot AL TR gl oY WRLERE R AG fenis.

r ece\ Miefighdafok deguaidyg bespe fisetion of flewl domponehrihalflow material

br eaki ng out the frequency response into at |east a

floyeng threyele p dpvewwirsaeptovided agcetdingitor anerperignent of the invention.
1.0 || density f h .
g 2AARR EmpSSscio Tk M RUY o 01 lgsh Bl ppaiing out

thd ReqEASy réPRHENEYo SOIRRA R frefliendVRddMRsbrlett AkteA fluid frequency
conprises determning the void fraction of gas from

compenéntedeiermipingapoyerell densiyreonrtherfrequatcytrhspogas and
delspgdyency. cqponent, and the.tluid [reguency, compenent e,
comprises determining the void fraction of gas from the frequency response and one or
more of the gas frequency component and the fluid frequency component. The method
further comprises determining the mass fraction from the void fraction of gas multiplied
by aratio of the gas density divided by the overall density.

A method for determining a mass fraction of flow components in a flow material
flowing through a flow meter is provided according to an embodiment of the invention.

The method comprises receiving a frequency response of the flow material, processing
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further conprises determning the mass fraction from
the void fraction of gas nmultiplied by a ratio of the
w@awoedzrsei ty di vi ded by the overall density. AreEUR®O6/019595
for determining a mass fraction of flow conponents in
a flowmterial flowi ng through a flqow neter is
theyfreqrianeyl respeBYedViE ameténiibembat substendally rricqtnonnof agas
The net ho | S@S. iving a f u response .
el QoA e Rl £ 8514 BERlo:D EpBob bR I EREST G erf density
fromh te RediRheNrdshbbhsd, ahd abtefrHbFhAA ?hﬁ@éﬁi@@cﬁﬁ e SAxEr&fuency
a gas frequency conponent and a tluid frequency
compeperte fthe niethed fmthergompriseedettimigggstheyoid Hactidneof gas from

o R o B e BB BB sFERES R i
fre‘é;%@%fy &ﬁﬁp&ﬁhﬁrﬂ@m%ddhﬁﬁﬁ@ Chrhpradek id@fér&ﬁniﬁ@%hé na&s fraction
t'he frequency response and one or nore of the gas

frdn érpuenid Yracoom ofigart mattiplied dyfd natid of tlegrsndepsity dpadehby the
qu?agld{mt'md further conprises determ ning the nmass
ove E&EYfromthe void fraction of gas nultiplied by a

ratigo nf%fthotgf@é tﬂﬁ%&rﬂﬁglﬁé géilegh Viadadh Bg bR SIrRhls in a flow material

density. erm ni ng mass fraction

flowingvticongion €ltsmieter ds providedaicesiding fd awempodihtentighthe invention.
flow meter is provided according to an_enbodi nent of .
Theraethad epmpEpes TERAVIRE B EqUCHD FespeBse @l Jlavgmaterial, filtering the

SRS ESRTEFL PRt LY B LY FOBL L
cofiipabt@tindatbytanilBCh&séd e RS freGEHRN CYnBRABAN Ghered the first

substantially passes the fluid frequency conponent, )
filteh entputs thedluid frequériclytcomponent, end fillering thedfréquegoe nesponse with a

TR b A S PGP TSt bty
pa%é’e@ %%?@%%@%p&%t,%ﬂ% the @éé&ldﬁﬂf&?ﬁ%&éﬁ%ﬁ%ﬁs Sfrequency

reque ent, wherein the secon
cotripeng@s Theenethod Yurtlonpongnises détermimidpoah dverahdensity from the
conprises determ ning.an overall density fromthe
frequeRiydiseRense Spe AsleTmHENg &Eas APt JTm dhe gefliequepcy Femponent.
. f
o858 LORAUERRN BOIRBRT ADROIERAR I Sty g equency

redpdfisd AROGREHMORSITARS gadfidq@iey an‘??@h@t%dtﬂ‘l@ flg@bfrequency
requency conponent and the fluid frequency conmponent.

compengist Hde metnod Surtiasppripsises deewniming thg nass fipgten from the void
fraction from. voi d fraction,of. gas . i plied a .
frae i ot B eyl Trliitio, T3 iy AT b i SVeralf oy
AspRB&idrYhe fipR&Rioh Oof the Invention In one aspect of the
meter electronics, the gas density conprises an
i nvdnsee efpechefl Gagndteedaeinayics theagasdieasidy chomposes al inverse of the
gaéj %gabél%y%alqgea ‘Zﬁﬁ ﬂ?enoxlfer}gl? rdgr?sit(gffcotng]p%isfeg gﬂ lilr?\pe(l:"g/e of the frequency
squared.

In another aspect of the meter electronics, the processing system is further
configured to determine a mass flow rate of the flow material from the frequency
response and determine at least one of a first flow component mass and a second flow
component mass using the mass fraction and the mass flow rate.

In yet another aspect of the meter electronics, the frequency response comprises

a first sensor signal and a second sensor signal and the processing system is further
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squared. I n another aspect of the neter el ectronics,

the processing systemis further configured to
waledoenzisee a mass flow rate of the flow mat eriBCT/U82906/019595

the frequency response and determ ne at | east one of a

first flow conponent mass and a second fl ow conponent
copiigured §9 dgtermuefbibstaptially istantanconeraguency apd determine a

e e . e i he .

sol Bt 0 ASh ASAREL: BT O8RS PHESHERTP Mo

usiigIBE GoquErySad thd pitak différehbe processing systemis
furtherconfigured to determ ne a substantially

i nstiayetansther appect b Heymgicd elpstrenigs.ribe fequeneyaspaase gomprises
i nst ant aneous. _phase di fference, wherein the nmass fl
« AR R P A S5 e orastn el i arane s S dtither
cofififiired €M @6terthiheeSubaRati gy irRbRefleod frbQRnIP! &ftermine a
el ectronics, the frequency response conprisSes a first

sulbstargimlly Shsfanthneovd phasedisfedersendivideshg phiseatitfetdnee by the
rocessi ng systemis. further configured to termne a .
freB S o COHSR AN TS AU, et fiheY 4 Condtant in
or&H RS beid 8 Ir%{ dRk@pkaneous phase difference, divide
t he phase gi ?erence by the frequency in order to :
obt & yeteartothne adpdcayf thendeten blecrbyics,the fiequerdslragpddge aomprises

onstant .in_order to obtain the nass flowrate. In yet
a fgrﬁfoieﬁéqr signsd and gseqand seppsignadand Hi ecessing Sypteguisfbther

o 0S8RSO 5% 9, B 3L ORI, DERORL 0K B S0B0 compu

thecedueny @singahg ing v tdegreelfhasé sif MEFherdpRasr Stynkl, determine
fromthe first sensor signal, conpute the frequency
a sybstarfiallyeinstiantenewn nhase diateserese divide the phase didfeféncstby the
ensor. signal, . determ ne .a substantially.instantaneous .
freRRRE it et bl R e A A DR e e SR 55 Brtant in
ordelr €6516BRAGRY themsIRfw ffe Obt ain a tinme delay, and
multiply the tinme delay by a constant in order to

obt & pett dnothemsispdct ofitheaneter tlectyeticg it frequasyaetponke comprises

he neter electronics, the frequency response )
a f{s&ﬁﬁm@éégr@l' £ & SCCABRLSERSCL; EnaY a5 e Progissig sysisgbis further

co IS8 O35, A5 S0 B SITLECH (SR
coiptiihg densase diffpnaice wipptheifirgr d0hdegptopieasdishife tienfisst sensor

.using the first 90 degree phase shift, the first
siggaly agd the speand senser sigealsdetsraingtas ibsiangally instantaneous phase

i TR e 3 B D A BPEO SRR Rt e
deIﬁﬁf,@ﬂiderﬁﬁMiﬁlﬂn% riStefime QleRRLR} A cdnstdriien BRleRYo oBtath the mass flow rate.
multiplying the tine delay by a constant in order to

obt & yettanethen gspect oftheaneier electronics, the frequency response comprises

a first sensor signal and a second sensor signal and the processing systern is further
configured to generating a first 90 degree phase shift from the first sensor signal,
generating a second 90 degree phase shift from the second sensor signal, computing the
phase difference using the first 90 degree phase shift, the second 90 degree phase shift,
the first sensor signal, and the second sensor signal, determining a substantially
instantaneous phase difference, dividing the phase difference by the frequency in order
to obtain a time delay, and multiplying the time delay by a constant in order to obtain

the mass flow rate.
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In yet another aspect of the nmeter electronics, the

frequency response conprises a first sensor signal and
w@2®eazise’ sensor signal and the processi ng SysPENUBR06/019595

further configured to generating a first 90 degree

phase shift fromthe first sensor signal, generating a .

s ec binpetamotiey esrech A e mpliet elepiromirs. Hia® HEGHHEY Se1poHpe comprises

' I oy th .diff [ j
» G %0Bhyr SR AR S50 R BRD A Dol el i
coifidirbd td %&d‘rété_%@(ﬁ@ég&é& plsdse BB framahé fiestsessn digian $ompute a
signal, determning a substantially instantaneous

freghersw rdsionee using thelPQ idegneg phase shifgad Hief fitst sanser signalheompute a

e Ereprn b pRet v Pe PPty hreetmuf B G sengt, and the
se@RHALAdr REITRS DU kidleSddiay Y8hg BROFERIen8P RGOS arldBe phase

nmeter el ectronics, the frequency response conprises a
différesde, sempute the greak flamdrate femahe tisendaday, sietpmaineam subiskantially

. processing sy mis further configured to generate a
inssEntapegre Qgﬁm@ﬁfgwa Jlﬂds g H@%i@@?reg%@b@%ﬁwp?y in order to
obfRTR i Boipf, SUTRELERIRREHIB) Y ocOfordlt HIHRAORIRAA the
mdik flber@mrce using at | east the 90 degree phase shift,

the first sensor signal, and the second sensor signal,

conpupae gsnachet themsthad, the sehdersits §OBWEyCs BLBYRES of ke gas
th h iff
s R0 B EPEAHRERY b ORTRR o bRy
Sq{lﬁga_ant aneous phase difference, divide the phase

di fference by the frequency in order to obtain a time
del dy anethdr aspeti ¢f the mrashed, iee aiethed fbsther eoprpyisgadetenmining a

s SE e T B BB Pt O SERSB i o

onk B¢ 2 98BS AL %Hﬁrﬁ)%ﬁeﬁqﬁ%s%d%rb@céﬁt?ﬂé’%%ﬁ{ on@ﬁﬂ%hilsynusing the mass

conprises an I nverse of the frequency squared.
fraation hed tlespesst flow ratee nmet hod, the method further

RO RE AL BTN R R—
} £ . .
g 358, oAb R SAIREP G0 A5 gl

indtiiRamses phhadifRtdice] whatein s aidie floaspescis deferiiged using the
net hod, determ ning the nass flow rate conprises

fregoerayndng thg phasaudigiesanceal | y i nstant aneous frequency
't A8SErED RS AR AR W SRR ROPGUR SBHtR g o s

© ek BEnhlghd 4 S8R0 G¥nRR dignArakh@stenthioahe ReRs flow rate comprises

determining a substantially instaritaneous frequency, determining a substantially
instantaneous phase difference, dividing the phase difference by the frequency in order
to obtain a time delay, and multiplying the time delay by a constant in order to obtain
the mass flow rate.

In yet another aspect of the method, the frequency response comprises a first
sensor signal and a second sensor signal and determining the mass flow rate further
comprises generating a first 90 degree phase shift from the first sensor signal,
computing the frequency using the first 90 degree phase shift and the first sensor signal,

determining a substantially instantaneous phase difference, dividing the phase difference
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In yet another aspect of the nethod, the frequency

response conprises a first sensor signal and a second
w@enwsn27581 gnal and determ ning the mass fl ow rBCEUS2006/019595

conprises determ ning a substantially instantaneous

frequency, .determnjng a substantially.instantaneous
by ;Sfﬁeags%qnﬁ/ & eﬂfeé fo 8%&5@ HeperdrdaspRad @fﬂﬁw%}geﬁh@ dinpg,delgg by a
i t ' time delay, and
Co;ﬁ%?‘?ﬁg%‘?eﬁé@%’ gﬂ?{hﬁeﬁ%sgmacs’b@éa constant in order to
obt &n get dn@threraspdct ofitheahethotinthy €teqaantyhespaspeocinpdikes a first

the nmet hod, the frequency response conprises a first
senseh §ignakangfatecand sepser sighal andifisterminiggdhe mags flow rate further

cof BHEC A Mok T O gyl ph B ol e RS e,
cofnptfihg RN sRke difgRence BaEPheie I0@edrsephtRs Giift) $hdArst Bénsor
first 90 degree phase shift and the first sensor

sigaplyaad thegscendrienisaysignal Befermining 4 yubstantiaHy amgtantaneous phase

.phase dif.f.erenc di vidi n h 1ase differenceby fhe.

aiff e At i T8 Bune® clirgtich b iRty in SroBR G obtain Ktime

deﬁg! AdPhvitpyihBehd AR Relyay £¥odst&HR 58 bAM: tb BbRiI8% hifks flow rate.
obtain thée mass flow rate.” I n yet another aspect of
t he Inpethadther Repdct ofjttenmythodsthe isguemnyressese @ofmiprises a first
sensor si gnal an&rﬁa sec,ondlfsen or sign

a}e and
SenfFar SiEhp aqandENSOF PighHA Stermine e mses Saw rate further

' a fi jf.t :
coB PRSI el 531 PO HSOLAE AR AL AR\, eencrain
a sesormiPd depréd plsdse IRiftiEgmete gbase sshidrtsigriaheobipusing the phase
.sensor signal, and the second sensor signal, )
diffhaeiater e ie dirs s degies BRAS) Shifb thntasnBa g dsiensephase shifl, the

iffer I Vil d] di.fference he.

ol b 8068 Vel B SO RS s
insaftirieply Eﬂﬁetdﬂﬁeﬂehﬂﬁ diEldsg thY phasedisferenlce b 1B #8GudiRy in order

obtain the mass flow rate. In yet another aspect of
to phfeimatimedielaynend madfiplying the siprendaay byrprcossgigntanfardertto obtain
hSEnso signal and a second sensor signal and
the foasS I HG t he mass flow rate further conprises

gen i 1N ' :

Fen o 01t P RGN0 0S8R eI M
serpbasignalrentta fecomd tdisos signalchnsletesarmisingniad masoftpwtrategfurther

t he phase difference usjng e first 90 degree phase .
COATIFGS SREALEZ AotfhidemeqiliAse é{“ghﬁ@@ 1B, e, sepia gnabrcomputing a

fre QR e ROe Loing B8, 0 e P PR SE Rl e popsqr ignal,
coiplifiey &passe difeicticogsinpet Masste d0fdegreetRsd3hitththe first sensor
. frequency in order to obtain a time delay, and

sighgll, enp e ssgondeenspiiged) egmpyting e imstdelny usingthedrequency
respb e BE PR P Blioh FefmebBg iR s REe o B RS S e delay.

determining a substantially instantaneous phase difference, dividing the phase difference

by the frequency in order to obtain a time delay, and multiplying the time delay by a
constant in order to obtain the mass flow rate.
Description of the Drawings
The same reference number represents the same element on all drawings.
FIG. 1 illustrates a Coriolis flow meter in an example of the invention;

FIG. 2 shows meter electronics according to an embodiment of the invention.
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sensor signal and a second sensor signal and

determning the nass flow rate further conprises
w@emenztsehg a 90 degree phase shift from the fPE€BHUS2006/019595

sensor signal, conputing a frequency response using

the 90 degree phase shift and the first sensor signal, L

conplEi Agsa frwshartioffae metivas of pragesting dasansethsigeal in a Coriolis

degree phase shift, . the fir sensor _signal, and the
ﬂo%@%ﬁﬁﬁ“%Bﬁﬁ?ﬁa%?bﬁ§P9]€5Wﬁ8fﬁﬁdn§m§Vﬁ% del ay using the

f 1 equeNs ¥hwsBRNESPBL OB cPARSRIIAL id 8h 8RGBdins QIR thdBivention.

the mass flowrate fromthe tine delay, determning a

sub&l@n$ isa flpwichatt afi tanetboad op hasessiig %mt @nd eccagidwsedsargpignals in

h di ff by the f ' d t
a CtolP TR e AGROT e ta Ha SHPCEIBIY O g is HESRGRh. del ay by
a Cepgl g 4 bl?)fcﬁtrdﬂ%‘ralh%f% gdgﬁ&hBf‘ﬁhegé@esgilrlg\é’yﬁt@ﬁleaccording to an

Description o Dr awi The sa ref erehce nunber
embegimaenf the ineestiore el ement on all drawings. FIG 1
illustrates a Corjolis flowneter in_an exanple of th .
qngaodlment

i nv&h®i drshows detal ahihgdTeart fraptiaun biprk-accqrene d9 R

ofﬂ’%iﬁm 'nrrent of the invention.FIG 3 is a flowhart
of a ne

0d of processing a sensor signal in a

Cor IFOGRS 8fdnavgrateblodk cidhmg dfawanindepadicnebianclicst dtthe analysis
i nvention. FIG 4 shows the neter el ectronics

bl@&ﬁ;ﬁ@ﬁ@ndﬁgg W@d@wnﬁeﬁ@eéﬁvmﬁ@ni nvention. FIG 5 is
Al t hod i fi d
T AR O BRSSP LS PTG 1o

mEHePBotmATcohBRiohgvention. FIG 6 is a bl ock di agram
of a portion of the processing systemaccording to an

emb FdGdt shafwst” heHilbare itainsformFbicek 7acshsling detthe Isingle phase shift
mg)l;)g Hubert transform bl ock according to an enbodi nent
¢ HREW nvention. FIGS. 8 and 9 are bl ock diagrans of

t wo irad j : :

e 10 FRERIREIn L ANGRSA0R o, ARELYE, ifppaipgo.
i s &FIQOWEshepettersematensddsying lof theoihventporchs aifipased sothe prior
signal of a flow neter under_ nornmal conditions. FIG

arty whereima timedibierance (ARsrbrnfinash ks smprtaing to the

o1 G, PRERGS Bl hoiBTORILIRRL acchl e 12 0AUP S iment of the

infehfonl3 shows the sensor processing of the invention
as conpared to the prior ) )
FIG. 15 is a graph of flow meter frequency responses for air, for a fluid, and for a

combined air/fluid mix (i.e., for a fluid including entrained air).

FIG. 16 is a flowchart of a method for determining a mass fraction of flow
components in a flow material flowing through a flow meter according to an
embodiment of the invention.

FIG. 17 is a flowchart of a method for determining a mass fraction of flow
components in a flow material flowing through a flow meter according to an
embodiment of the invention.

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

component according to an embodiment of the invention.
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art, wherein a tine difference (Dt) value of each is
conpared. FIG 14 shows the neter el ectronics
waewenziisey to anot her enbodi ment of the i nventPONUSIDEA19595
15 is a graph of flow neter frequency responses for
air, for a fluid, and for a conbined air/fluid mx
(i .IHG%. 19ads a dlofaichid of achefipa foratetaraiipiag aampgs, fragtign ofglow
is a flowhart of. t.hod for. determning a.mm
comRORERtS aG1O [l iEb AISBWER teonh A PRGN R AR TAIERP &0 ng
embJEREAN AL LRWnBher according to an enbodi nent of the
I nventi on. G 17 is a flowhart of a nmethod for
det®EIG20iing geapiasta fiotak filten frefludtcyvespompodnent s in a

flow material flow ng through a flow neter according
Detajled Despriptippd the In¥endion,ention. FIG 18 is a

fr eﬂﬂdﬁ]‘ﬂz(? i ﬁhe%ﬁéégﬂ%s%eg}%g r%«gﬂg&oégleﬁﬁ'cré%ﬁﬁplég% €&ach those

responses can t the flai

skillécemunea eermponeks arddse the bgstsnbdecofitha dyventopolenthe purpose
according to an enbodi nent of the invention. FIG., 191% S
of teadhimgustyantivoPriacinies rioNg enVeBEIAIRIRGTE Rpvisdsen simpli ted or

f ' f. fl i ! -
o 0 S R PPYRE Db e LTS &l St
withiBB LG ofth&inveBtibs. Thesedkilled inahe attobillf dppkediate that the

frequency response. Detailed Description of the | L
featumesediscibedbesw cand@ comebingrbinf rionevvay's de e piultgye variations

of tglg Erll\(f:%w%ﬁg %&s@ﬁ%ﬁ% lérgvsep 'gn E’sgliq% qﬁ%h gdc' ’%ftﬁ%( irsi]ééc“:i‘ﬁc E}Qal{l&%s
descH¥EIHLIBR bﬁfs)&#g I?)? R CRARS afMd tHeRO& HiViderdtglvent i ve

pr|n0|p!eé, 0 onvent i onal aspects have been
si nPiG.fi sttbver a GoiivlieflowThetse 5 shivpristhg aunetes assembly (10 and meter

cleaP P24 I S eTB S HFPRAA o B FBBLeAeH fagiiy pf a process
mategﬁ%sv%egég c]ésl:ctt%%) S%el tBnhdald foGefef aleh®ly 1695 felg&dl 00 to

e conbin I'n various ways to formmultiple

provde dnksRRSmads Ade rateyanl temiperatdrednfoemation ovérepath 26, as well as
invention is not limted to the specific examles
othdeindoinbasibniestt selevanitio dhd Brepgat (EnEPA; AsCarialit Hapmeter structure

NI IR G T w—
oo 035 ooy LU e
capbilitg preddedbyretGoridisspadsifiowm meldra | eads 100 to

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
mechanism 180, temperature sensor 190, and a pair of velocity sensors 170L and 170R.
Flow tubes 130 and 130" have two essentially straight inlet legs 131 and 131' and outlet
legs 134 and 134' which converge towards each other at flow tube mounting blocks 120
and 120'. Flow tubes 130 and 130" bend at two symmetrical locations along their length
and are essentially parallel throughout their length. Brace bars 140 and 140’ serve to
define the axis W and W' about which each flow tube oscillates.

The side legs 131, 131" and 134, 134' of flow tubes 130 and 130" are fixedly

attached to flow tube mounting blocks 120 and 120' and these blocks, in turn, are fixedly
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provi de density, mass flow rate, and tenperature

i nformati on over path 26, as well as other infornmation
wmoedoenelsevant to the present invention. A CoriPRCT/BESIb@09595

meter structure is described although it is apparent

to those skilled in the art that the present invention

attaghaddoppanirolds {20andiE5Q. Jibisrprovidgs £ gaBtiaatsiclesed magterial path
théé&u&ﬁ@éomﬁl@?n&&déskérﬁp@ (greasurement capability provided
(¢}

IS mass wnmeter. Meter assenbly 10

I nclWHes flangai 103 dmest, frakihg Hbd 102kntbll2! afd @mgesied,03a inlet
and 103" haVIQ? fl ange necks 110 and 110', a pair of
enéawéwnéwuﬂpbw 1 énto 3prapass 1ige (nothpwa) Hsidthoearses tbscprocess

m SRS RS RRRL A0 i 80 BBt B VR BRSO & e
10858 ERhERN 0Y isdnausil thivthigh nLeD1d 830 &ntov3dbe ﬁi&ﬁntm%]block 120

outlet | egs 134 and 134" "which converge towards eac
ha@tﬂg@r sugfack 13w (Witkinrmamifold d 50 tlucnsteri20isadivided @nd rédtodvthrough

0 TR B S ROTTI BBl BB i
reédiﬁlﬁﬂg@ 4 i gﬁa' §tréaﬁf‘@§tﬁg1 i (ﬁdkl@f)sari'cﬁig tﬁ&gaf%%(}ouéﬁrtg Exit end

to define the axis out each ow tub
10d5ainnketed by flnge 908 ehdvigsbdlBholed 302" tartite fiddessldw (nof shown).

flow tubes 130 and 130' are fixedly attached to flo
t ubd 198 (RRGSni OArelckey)” aeegrelentedepg apaﬁwrtqtrég@w%%@ th flow tube

% ﬁlxg @5&{3 'Qﬁea‘}fdy@ot & Qse‘g ﬁaQ/r: gglg%&% a?lif ’[ilié ?arﬁ@ gha]s?alstmbutlon,

S prOVI €s a continuous C

marhets o irfeptia ahd Yoﬁﬁ% & mafaHdoyt Béhdinh Q}EbstafW eadWs-w',
and 103', having holes 102 and 102' are connected, via

resperiéYelndhesbendingucs o thrrughdaacei harp140 prdé4d's Inasmaich as the

VR b e et Bt RRateloyRh BRGSGaR Boi s sltbee affects the
calcl@ied bt %v@ﬁﬂlci Hé}%l‘%oﬂesisﬂvé te%ﬁﬁb?atﬁ%détéct@f’{lﬁm5 ?do is mounted to

t hrough manifold 150 to fl ow t'ube nounting bl ock
ﬂdvambng?sa' sochrtomotSly messtird the rempdretude dbthet fhew mlﬂiee thwI

d ted thro hflowtubes 130 an '
f'fs%%m f ﬁw{aﬁ b ARyl agegPPeaing q&r%éﬁ%ﬁ% for a
{
L e?‘dp"‘i%%{ HERERLBEh bt pfloddhans Lerfdaitles B fhe material
paé@rﬂg theowgteihedtbvbyutiel digaethPiatiradependeat voltageeppddig across the

to.the process |ine (not shown). Flow tubes 130 and
RT3 usefdn gayebkerym mfﬂaqsipbsbmeteate@cyom #0da compepgate for the

cobh YRR TR R85 8 0 0o B e v
terhp@ﬁtulr@ Eﬁ@RY@Mo‘ﬁmm@&l kdlﬁleﬂab@wctrbﬁfég ROGyASeS 19¥.- W

and W~W respectivel %3 These bendi ng axes go through
br a&etlpfew tuhes b3iand 030" armddvandty dkverHd0Yo wpgosite dlrectlons

ab?lhtqﬁe% ﬁe(f,ﬁa%ﬁvai:fel?eé‘xélgor\fé ’{1)%5% anH wgaendvgttwrhat 18 e?r{lgé the firsf out—of— |
phase bending mode of the flow meter. This drive mechanism 180 may comprise any
one of many well known arrangements, such as a magnet mounted to flow tube 130' and
an opposing coil mounted to flow tube 130 and through which an alternating current is
passed for vibrating both flow tubes. A suitable drive signal is applied by meter
electronics 20, via lead 185, to drive mechanism 180.

Meter electronics 20 receives the RTD temperature signal on lead 195, and the

left and right velocity signals appearing on leads 165L and 165R, respectively. Meter
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cal culation of flow and density, resistive tenperature
detector (RTD) 190 is nounted to flow tube 130", to
w@omwbilznsousl y neasure the tenperature of the fPOMMUS20€019595
The tenperature of the flow tube and hence the voltage
appearing across the RTD for a given current passing
electienies RO puedvcrs thgslrisieriignab pppersingeanpendil % &0 diive plement 180 and

. i al [FeYe he. f 1 . .
Vit iR PN U Wi 2 by A8t and Fighpatoety
sigh8ls¥$8%hd RT® M‘gﬂlaﬂ t& BeMipuREhB @ghsh ¥loietagd arl ®etdeasine 6f #1@ material

to conpensate for the change in el astic nodul us of

pasfsingthtaghsmez0assambiddd. dThe informayionalpeg withrpth¢roiwformation, is
t.ube tenperature. e RTD i onnected to neter

el BHRE 6 o8B OBy LU Qo oL BB 2GR TRNT Y 8% 430 and
130'131@?% sHEWY Bt Yl MU B8R chuIRPROS érgb&difn%g% bPIS invention.

about their respective bending axes Wand Wand at
Themadter eledteomiex2Q den inciusie anlinteofphagkbabdagrongssingleysém 203. The

the flow neter. This driye nechani sm 18 conpri se
meferelenteonits 1PaisgeiNet 1rsk AB e%nﬁéﬁ@%)ﬁé}&f@g i heleter aSsembly
) . 130" i i
e e T
andkésdndabhdty sipghalsatorde tpadsaal floer chardutaistiog obdienfléw anaterial

tubes. A suitable drive signal is applied by neter
flogiieg threwngle heanetey asgemblinl 0.8E0r examnle.the mesitecdanied0 can

ter electroni Q.r Lves RID. t en:
acliFfie S5 hR Sfag el SRR b HRglG, SRR Atihey 0.
defdi8h) alnfas3 ARRPFLE) Gn@R Vot@de fbeptat@RemliBe Bensor signals, for example.
respectively. Meterelectronics 20 produces the drive

In sildjtiah, athpeBowrhamnteristics aBobe detemiined e¢conding ta 8T mmantion.
i an Meter el ectronics 20

vi prate tubes 130 d 0.
Thﬁr‘@@é’%’érégémpﬁ@rq F‘fusé?fb%glf’ght .velocity signals and the
RTD 1§ i \eRrinRRuiBRSRdthO Weh @Ry Haekrhiifati h
densF,[i%te g%?:ﬁg?ﬁi&?erﬁgx‘h passi ng t‘ﬁrg{lﬁgh %eter ésslé)r?be}rgmuc
fasté. andhnerel actomatepdridore]ialblle ahan suchhdetdrivémations dm thet proor, art. sIn one
ied by neter. electronics 20 over th 26 to

I o
emperimeniy ihsphageifepance ﬁp_tgnnzlaéwav@@dﬁlﬁip ﬁ*@qléﬁrneme&%%aﬂon are
B LRSHI 0B SRS TR bog o BHP L PO g o oy

frequedyresFem@ syl e ThiQidlvadfagesmlyeredat &cthe ?M&Ssiﬁ@ time required
receives first and second sensor signals fromthe

in austesito eernpwisithe flow chavsteristiss. ckoarothes epehadjmemety gy phase
AR el PR B Bl BEGRRSPA Dy i
de{iﬁ@d B6LESAI onE %&Q{Ie stialiaﬁ S OQW TRk @fidrédses HRMRErEH 0P Bgth flow

e neter asse r exanple, the neter °
chadaetetistics, esd Bothomn beateterniined wuneh dasterdhan wftha pploasy.

O Lt 3 e e ke L Lerencr (BL): o S
peffﬁﬁn.s %é%tracs.it,%@h%quén%l fXEMRhfion according to the invention can be
performed in as little as 50 milliseconds (ms). Even faster frequency determination is
contemplated, depending on the type and configuration of the processing system, the
sampling rate of the vibrational response, the filter sizes, the decimation rates, etc. At
the 50 ms frequency determination rate, the meter electronics 20 according to the

invention can be about 40 times faster than the prior art.
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In addition, other flow characteristics can be
determ ned according to the invention. The
waledoeneriseat i ons are di scussed bel ow. The phasePCT/US2006/019595
di fference determ nati on and the frequency
determ nation _are nuch faster and npre accurate_and
r el ildlinteriaan 2@ Lissretnes dhnsanaen veralifrpnp Rae pf thervelpaity segsors

. ft ' : .

1B f DR ol b 8F B BRGSO T Dl B B

nedesBR§R debiréd sighalastnditionencs 8RGP4s &iydMahner \Wf ftw@kkitihfle
need for anérf requency reference signal. This

amgpdiifisaticy dudisripgr elgu ddicradively, somsiral afithesienguionddianing can be
r,to,compute the fI%Characteristics. I n anot her

d
peﬁrﬁgﬁaq FreWE Progrssipg s¥e erence is derived from phase

shi frh 8d@iicROHR SRABEE 261 BAPRbIAhRuhRAbACHMAREY tHeSmeter
derived fromonly one phase shift signal. This

eldctroniza 20 sindlexteanaludeacses.o Thb aithrfhdeod Ictrr kectapabltifesy manner of
and pboth.,can be, determ ned, mych faster than in the

elggtropic, gpticaligfeWisFiest CUPPURicatRRncy det er mi nat i on
net I”i‘?féqnfe}‘ﬁh& Q?i Yn bAKEmboEinRGE %%Pfe?i WA L Rizd 02, wherein the
contrast, the frequency deternm natton according to the

semsoy 8ighabeomptisds enpmafoprsersbrisipras Thé tigitizes 200 samples and digitizes
mlliseconds (nms). Even faster frequency. determ nation

the anales seapr sigad andapedines g deital sensoy signghdlhe digitizer 202 can also

reR B R B SR SO0 i SETBL G o nter

to kdiRice €led AbIALTsRS praRbssingeddae ah@ tdFedute eHegfoYessing time.
determination rate, the nmeter el ectronics 20 according

Thedlecimation/eit bodiseaised & miosuidetaid belowes faster than the
i t.The interf 201 ' t ' |
Pt onkbsdoums P eI A el Shehal58: bl S oaRe el SRy 20 end
prd)(:%@% P nhsiibfents frdii€hd PB@/" haee a%@fhb%al‘o.p?gé gg(mg%ﬂg system

necessary or desired signal conditioning, suc
208mrearteoénd armatd progessangaoufingsedridahereby fpf @ressey, the flow

Alternatively, sone_or all of t si gnal conditioning
m‘??éﬁfe%nb%ﬂ%éﬁfet@ Hrﬂd‘t‘%eonﬁr%é%%@irhefﬁ” SNAURLRISHPS- | | n

addi i 0 I [ WelalS
R R S T

mitFprodessing 3gse@0 A 16£10 cheuicapabhne ahergityerpugyos®br customized
el ectronic, optical, or wireless conmunication. Th

. . e -
Pregesupg dewico0 The pregessivasrdemet Gas beslipributediampng multiple

di gi.tizer. 202, wherejn the r.skanal. conprises .a
orisihing S8Leo . oy B e N 0T s 0B e R RBRE R eeral or
indbipghddnt @fectBBicANGHa8E nfRANFAY sush A8 Bhe 5161%5@ sPSBER42

digital sensor signal. The digitizer 202 can also _

per flhemraenssingeitsidmdl3 pratésses thatsenssirsigniab2 H) gi erder to determine
ong of tore ?llo%/nalaréc%er?s%fcls rgs(l)tme e sre]:ngcgrds%nal 210. The one or more flow
characteristics can include a phase difference, a frequency, a time difference (At), a
mass flow rate, and/or a density for the flow material, for example.

In the embodiment shown, the processing system 203 determines the flow
characteristics from the two sensor signals 210 and 211 and the single sensor signal
phase shift 213. The processing system 203 can determine at least the phase difference
and the frequency from the two sensor signals 210 and 211 and the single phase shift

213. As aresult, either a first or second phase shifted sensor signal (such as one of the
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to reduce the anount of signal processing needed and
to reduce the processing tine. The decimation will be
wae@ensmsed in nore detail bel ow. The processi NBCEYS10861019595
203 conducts operations of the nmeter electronics 20
and processes flow neasurenents fromthe fl ow neter
upgiEessR BT JownstrepHPiskeHsignaly cay be preorssddneibe heecessiag gy stem 203
I QCESS ' -her : s. th .
o R R s B R P F BERP PRI by @ time

diftqrenes(/ay,iadtlior 3. mdRE]dw 6416 $64 the fldysinarria3 can
conprise a general purpose conputer, a m croprocessing

systlhgsteragogjistens 2P4 gar stose flovnpetsr hapmgiare pad dptgr pdbeare

oSS St B SRR PP oREPE R M B B
208 eN¢1688- rohfesthOCAS TkBH1tSY BY BB #8382 dySehiolss . atyone
manner of integral or independent el ectronic storage

embediment, hectorage systerns 204 atpresy phasmshnroutine 232 o phasendjfierence
syst 2Q3 processes Sensoy. ..Si gna 10 .in qrder  t

ro e TR A OGN RGP 2 b R AR ars G0 it ped & fiow

ch%ﬁ%ﬁ%ti&&ﬂﬂhe%i@: The one or nore flow

aracteristics can include a phase difference, a
f r enene gmbadinere, thefstrngnostdnbRd4 swresassisbleswsedteoperate the
and/or a density for the flow material, for exanple.
Carfolis Riove mstiethe She SYSteia 9438 ©9sieRtPosyment Hlargs variables such

o 5 LD DR RIRE LSE ES A0 L 0yl eived o

th&V€loéiky/pRRREF sehddrs 12013 and h@OR! 06 88EitiBY, tﬁﬁ%tcﬁﬁ%@@%t&@ﬂ% can
deternine at | east the phase difference and the

stare e §edeerecrnhane shié 21ddheteia genergiedrinlosder 1o datsaminelthe Aloay
ht he, si g%l e phase shift 213. As a result, either a
ChataPlef1stes: second phase shifted sensor signal (such as

one 19bné BRBBEINGRMKR st AVN$ st MDD 5ok dneSdrdn@leSiowan
be processed by the processing system 203 according to

chataeteristiesahtained froon therfleve nuteswements. a lphdamge system 204 in one
i fference, frequency,, a tinme difference ( ,
embiodymaet tarks How] draciaristies sudhi s A phase é&?ﬁ‘éﬁ%ﬁ%gorﬁérequency 221,
r
+ GHPURERITAOT 01 00 (LG8 SELRE 09T A0F €6 Mo v

229 pdllésternhined fione tHeo@hsmiigndl D@0.st or age syst em 204
i ncludes routines that are executed by the sg{fgcessi_ng

systldmphese shifi rewineboperirms a Qhdegredphefe shift pe an gt signal,
. staor, a _phase Inf t~royting.212 . se difference
iy ot et B AR, TufedifabdfhifiTouusy I Mo onBEARRS
im@]ehi @t LAERIbeMtDans Rl (ABscddséd balfvya flow

Characteristics routine 218. In one enbodiment, the )

st orlhgehesesdifierans reutines] datermihesa phase diffexspee usisg the single
90t£§ree phase shift 213. 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, and the 90 degree phase shift 213.
The determined phase difference can be stored in the phase difference 220 of the storage
system 204. The phase difference, when determined from the 90 phase shift 213, can be
calculated and obtained much faster than in the prior art. This can provide a critical

difference in flow meter applications having high flow rates or where multi-phase flows

occur. In addition, the phase difference can be determined independent of the frequency
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Coriolis flow neter 5. The storage system 204 in one
enbodi nent stores variables such as the first sensor
wG@@eat75210 and the second sensor signal 2 11, PeiiUsivos/019595
are received fromthe vel ocity/pickoff sensors 170L
and 170R In addition, the storage system 204 can
of aither sermof Sigdelg? eorpHds Metrover, bteaushdlie phasgaiergnesdisi n

detgimbphs P S S Beou Ly ol 0% SIURsh i oA, ¢ fference
dods RWikIAd2&! 8FbiSddnsSorRat 81 MR drdqueieyt dferhiB¥tion, 7.e., there is no

measurenents. The storage system 204 in one enbodi nent
compoureking war whhe pheerdifferense meaburament. phassequenttiye teanplease

. 220, a frequency, 221, ti difference . (Dt) 222, a
ditfeasisoropion s DSR2 Rhans ALjFrenss O SPHOLBhure 11 ow

rat : ' ' :
10 gl L 080, s o o
eitledrithd fiesd sebol BiRbl BiMorathe second, sensortsipnas Bhbofromitha 8D degree

210. The phase shift routine 212 in one e}%gdi ment
phasepshifhd hi.s The Apisepined faguenpnsaodicstersddn theelremency gl of the

hase di f el i.pe 1] :
stoffER P e e PR e e ¢t S PR BR800 pppse shin
2134 tHeRRuldted BRdBbiafiRdGatCcIEfSRr tRnUs €k pfloodrtleThis@an provide a
conpute the phase difference. The phase difference in

cribead défferodéanieniow snesenanplisationsdrmvingshigh flow géessesy where multi-
signal 210, the second sensor signal 2 11, and the 90
Ph?ﬁ?gr(@’%s Dit¥Se shift 213. The deternined phase

di f fT0F SRGEHERAReMRE (ﬁ@%ﬁggné D17 h&eRRRRE a¥inkd GiFRAGRe4AY) between

of the storage syst 4. The phase difference, when
thed@tsesonsoedghal @h0tand 1B squivad sesdor fignall Bl 1. cHme tme difference (At)

caf Skt £, 10, L0 DN S L U, PP
it CRPLAFOL IR BENG AL  PRIALSS BRI e decmined

frediédost BRNECH tharRfde vded &) dtaredné daepasndiow rak. t he
frequencyof either sensor signal 2 10 or 211.
Mor dbedlow paraciedstiasaopting el fieay datermiae pae g moredlagy

i nd nd | f the fr. af
chGERRiSe T Ay shagoishSaomting 2 Gl Qe £3 Eed fhase
difFQERQAEN arRf th Rtk metdemsytetey 22 11 fﬁﬁéiefiif‘ﬂgle,i infordert td&ic€omplish

I's no conpounding error in the phase difference ) ]
these additienelnflow Chaseigusties. Vit shadd ph asdergicotdhatraslditénapinformation

I's reduced_over a, phase difference of th rior t..
mas TSRSy DS TR B B e Rieh 5 e Jel ey debiiby for
ex%rii fe SR, Rh AR & dolifihe b i‘f chil BStrRRRSGhas MR kate from the
B%r the second sensor si gnal 211) fromthe 90
tinttediffeeeneb 440 22| ind dikBfofkhfeomehe phaseeatiffereaqe 22€ ynd tre frequency
be stored in the fregquenc 21 of the
221. The formula for deterrnini%g masys ow rate is given in U.S. Patent No. 5,027,662
to Titlow et al., and is incorporated herein by reference. The mass flow rate is related to
the mass flow of flow material in the meter assembly 10. Likewise, the flow
characteristics routine 218 can also determine the density 224 and/or the volume flow
rate 225. The determined mass flow rate, density, and volume flow rate can be stored in
the mass flow rate 223, the density 224, and the volume 225 of the storage system 204,
respectively. In addition, the flow characteristics can be transmitted to external devices

by the meter electronics 20.
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storage system 204. The frequency, when determ ned
fromthe single 90 phase shift 213, can be cal cul ated
wapaeoptsai ned much faster than in the prior areCT/Tk1086/019595
can provide a critical difference in flow neter ‘
applications havi ng hi ?h flow rates or where nulti. L
pha¥¥Gf3 e flowebart 36 el emasher] of proesrsigsopyorrsighalnia a Coriolis

217 det ] ' di f
1ofieASREME T, ShmPBBhsh Bt ifaf ok MO 1, 1 e
secbhd sdhfdrkighlstir t@keanree Tt rsCansBesigiadicad chfptibe eithdrem

difference (Dt) 222 of the storage system 204. The
upstieam ai déensireas Pickyfcemsor sigmel. subst antial |y the

det er nj di vi ded by .t h termined f
T Pl DGR Endar Sie7eh bt RpAERRE e PRENERGSS the
coﬂ—cﬂﬁoﬁilng\@fa{li haN18Gd Bltédhd frel in%?se?aiala B AnERt S5FAI O ETPRR

or nor ow characteristics. The flow characteristics
embodinmers, tht filtcaingwan comgpride bandrpassdilisnmgeedich ¢k aronoé the expected
Forg el reggeih Gk CCRiSUS RGNS aa o giion ofber Condifloning
i ' t | r , t :
orEDBF LISl oA A0 SRR BRI e sensor il
coflpties MmA1eg signsls, thelepasnt foghemsanfievunyaherer oflsaapling,
for exanple. The flow characteristics routjine 218 can
digization ared deqimation thaharapaiarmehin paderiteprefuce gigikd gensor
Siéﬁ ) 222, and therefore fromthe phase difference 220
“the frequency 221 . The formula for determ ning
MBS $n klep\30B a4 Sinbfe B U&tet Phdde ShifPRtAbrabdl. BhddAY d€fde phase
to Titlowet al., and 1s 1ncorporated herein by -
shifiefcampenizse a Ibhdegnessishase shift efi the sensoebignald The 9hdegrae phase shift

fl ow flow material in.the neter .assenbly 10.
cag by Bitomned e SRy BlanBreg sk B AR HeopsTgion In one
t 3 . i« . R .
kB9 B pSE S REA A 050 SRR operaing
ondigitaigedidopsighatse can be stored in the mass flow rate

223, the density 2 and,  the vol une, 225 of th
st ol §EPSP4i %aﬁ@@@ffﬁr@s%&qw%@&f thindhe ﬂnaﬁﬁ 5 ggree phase

shi%t!é o&’d&ﬂ%@@q[‘xﬁé‘hﬁl@?ﬁ Raff ?ﬂo he L&E@ﬁ?%‘&%&ﬁ%&@ptﬁé ttlger ﬂ‘?alse difference.

VI Ces er electronics

In Bh@wﬁllbaﬂﬁne’iﬂ,oth@thasermtﬁmc@is dreecasd AonseRIOEt stngdadignal, the
in a Coriolis flowreter according to an enbodi ment of
seeomd sensassigngh . andrihe siaglestdegrerephase shifanbhesplasa @ifference

cop B Rr R drhs MRE I EDraEntt [ uinct PRRR ey that is seen
dug B BRIC SridIe ffeck th fHeQRbralRg nidhé 8&88ly 9. gnal s can be
conditioned. In one enbodi nent, the condltlonln? can
or

i nclThdeesiiltingphasg differenomisalctayingecdawithowhvibeneetl for any frequency

ignals. | ne . . .
vaﬁlegin %16 calcurlat?on. 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 305, a frequency is computed. The frequency according to the invention
is advantageously computed from the 90 degree phase shift. The frequency in one
embodiment uses the 90 degree phase shift and the corresponding sensor signal from
which the 90 degree phase shift is derived. The frequency is a vibrational response

frequency of one of the first sensor signal and the second sensor signal (the frequencies
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enbodi nent, the filtering can conprise band-pass
filtering centered around the expected fundanent al

wo e@guersey of the Coriolis flow neter 5. | n adeCT/U82906/019595
ot her conditioning operations can be perfornmed, such
as anplification, buffering, etc. |If the sensor

of gheyived %ené@n%gmaé%ar&mbétgn%algh@eg@cqlh@OE%TéBO@ar{F heufrequency

cof RSP ORR FRMRbL O B BB o iraion

geflb@tdddy hedsieer $8@nal s. I n step 303, a single 90
degree phase shift is@generat ed. The 90 degree phase

shi fkhe neyethug deyverbisrabsaipedwithenl the nged forenydndependent

signal . .The 90 degree phase shift .can.be perfo b
B P B e RSSO SATLFOB B STRlo0 figkee phase
shiFng fIGRehENhat 5HBudLRRITIRE iRMRSFriehirt.t Thé rRaRtfn@r & fhency has
using a Hubert transform operating on digital sensor
a gregaadcurdey tharep fi8Quency qaladaedlif herpeincerti s conput ed,

usi th ingle 90 degre hase shi.ft. Additional .
o Of b 0. & SHss 1108 B GLaw meagitlds ComPIHp e s flow rate s

i ff . . i . .
coRfPRE ot (¢ BRRing fheRg SIRADRT BB The rélRinR WSfheney computed in
stdph 8 04 @0 1305 s &madditishihalmasa fidwt fage somplitetiSd caegsmpute a time

hase shift. The phase difference conprises a phase

dierenes Mg &ophtherhapedistonance apglag frequency, With dhgtimegkifference

] [ e .olis effect in the
(A\%ﬁ%?% ?lﬁ%lpa?fe&?’ &i ?eczgosgoﬁ:gﬁl& © %lge H%gse&?‘&g %t{et i ng phase
di f IgKRPCHT| thedlRhsitytaespibrallgWe dobentieat! T8 d@fity can be
frequency value in the cal culation. The resulting
detsmadreddist dnerodilbe flowrcharacidsistics et drean e fdgtereinadizpmahe
& hase difference cal cul ated using a frequency. The
9% ML difference has a greater accuracy than

a D'Iﬁ%?eg@ofsf BleSEmE ot AL 8h éﬁti(ﬂﬁlll_ﬁ bhRAUERGE. THE volume
step 305, a frequency is conputed. e frequency

flcere cae dambe detetrhimed my ené obthei ffova dhamnttagstiess hyd canpeitietdrmined

fromthe 90 degree phase shjft. The frequency in one
framsdipaeniiow $8s ap éh@ager&@@f%é%waglg-shin and the

_ R =
phadaCE A oY IRGRSRE cRolRs pD A o HEAN AR the

inveasipan Ihefeleatgigniycahmonavit FIGME fliarsthesankakfgbgralumbers.
and the second sensor signal (the frequenciesof the
t wo ersefer eleegfreniss AP én Bubembedimen incluties the first sensor signal 210

eration). The fr e conprises vi by at i onal
ol 154 Gk Serulp SstbC B T FRERERES oot Pt PlrsBE% e first an
seddrdr @idiRNN) VASG iRtk PV AME2 T inVQdedBUetdhifiné bBSIBLAGYe flow
thus deri'ved is obtained without the need for any
chiradegpishckefnom the signals. As previously discussed, the one or more flow
characteristics can include a phase difference, a frequency, a time difference (At), a
mass flow rate, a density, and/or a volume flow rate for the flow material.
In the embodiment shown, the processing system 203 determines the flow
characteristics from only the two sensor signals 210 and 211, without the need for any
external frequency measurement and without the need for an external frequency

reference signal. The processing system 203 can determine at least the phase difference

and the frequency from the two sensor signals 210 and 211.
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frequency reference signal. The frequency is obtained
fromthe single 90 degree phase shift in an operation

wao b@b/122much faster than in the prior art. TheCT/US2006/019595
resulting frequency has a greater accuracy than a
frequency calculated in the prior art. In step 306, a .
nasAs ftaswreaoeslp fistnsad.the starage dystespAPdisiotes aplaspgBidt routine

SHPTRET SR s R —
rousin€P$7 30t ANGwIRaractenisBEdtdutipB 21BN TheREsTad 9¥tn@De4 stores the

conputation can conpute a tine difference (Dt) from
first hensphsigaaldl 1f0f rdghe eccand seheorfsigngli2 hby Thevstobagersystetmz04 also

s e SR G LB St SPGB,
gen%g%tle&) Rk e%@n&ﬁts?%r@s{lﬁgyr?ﬁ}?vdg 2 ke the 3w Bharacteristics. As was

erm ned as one acteristics, and can

prefoudBt disctisee]] the sioraphaystemdOeintyres ther phesedifferender2 ), dpe

308, the volune flow rate can optionally b%@ . d
fregeansy 22hethe timpdiffsrencs (Aohd2 teamassilQn rys red nihselgnsiyy 224, an

one of .t he characteristics, and can be determ ned
thef"io?ﬁl?ﬁlgw aféés ‘ow rate and the density, for exanple.

FI Grhd pahevhift FutiRizaR R Reink @iilcdeg2és sieso shiifingh ioirput signal,

enbodi ment _of the invention. The elenents in common
inchidihg Bh e firss benser sigraldPeandednethe seeondusepegrsignphdll. The phase

S 0 e SRR TRO thRSHET g o
11. T4 %{xgsreocﬁﬁ%ﬁzinﬂg rSH 528 B RELS plesse ldiBerbhEStsiAd the first 90

second Igital) sensor signals 210 and 2 11 in order
degroe phtsershifn@1dand tre seoord PO degreh phaset hift 24 # ¢ Additeonal he

. signals. As previously_ discussed, the on r more. flow
infepmatan e 1] RS UReAHNioRdST (A COMPHIDE Plipys Gfigrrse. e phise
difgérgl%éelﬂ%e ¢ go'dﬂﬁeﬂ'i% E&ﬁﬁ?f&ﬂ ftdh dhe ?rs of %igﬁﬁlrﬂt()? theé’second
ensity, and/or a volume"tlow rate for the fFow
serf¥Bt Sihall 211l thet st eoriegieaphasesshofvd ]2 t4nel the semmslidfiglegree phase
system 203 determ nes the flow characteristics

from
shifiid 13. t Hee defprmiped phassidshatencogan %mﬁoaedllm,thwh%&iiﬁ%?%% 220 of

need for an xternal fre
3 Sagn L 205t T F lounh R "RREMER B oA, when
defetERRM usTHREHP TREGST IsBEOrRYS s QBiftsatarted edloilardaind obtained
| east the phase difference and the frequency fromthe

muchdfastenthen i thgrarias a2l OTkis darRprovidesa owildcad diff¢renes ip flow meter
di scussed,. the _storage system 204. st or a phase. shi {.1.
applisAiRR it Mt % 9 B BHEMB0 BT R SR P Mdition, the
e M - - f . . 1
PSR, 634 0BT EROCh S enER B L ko sz
216tadage. djatever2betantothephnbedifference is determined independently of

the frequency, an error component in the phase difference does not suffer from an error
component of the frequency determination, i.e., there is no compounding error in the
phase difference measurement. Consequently, the phase difference error is reduced over
a phase difference of the prior art.

The frequency routine 216 determines a frequency (such as that exhibited by
either the first sensor signal 210 or the second sensor signal 211) from the first 90
degree phase shift 213 and the second 90 degree phase shift 214. The determined
frequency can be stored in the frequency 221 of the storage system 204, as previously
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first sensor signal 210 and the second sensor signal 2

11. The storage system 204 al so stores a first 90
walewsazrsphase shift 213 and a second 90 degr eeP@EITHSM06/019595

shift that are generated fromthe sensor signals in

order, to determ ne the flow character]jstics.

digspgseio JdeyrenueRess Seen detaminest ﬁg@ thy £¥@rﬁn§@@<>@tdoﬁ>%ghase shifts,

cah B pRUIER 4] 5058 RR LB IRIO AR T ol bR
cridesisdiffgred2d in flod hber eplicationd ewi@highZRSw rdbeoPRase multi-
shift routine 212 perforns a 90 degree phase shift on

phase fleggsecairgnal , i ncluding on the first sensor signal

210 C | na 21 . T has

20 T SO0 AR 3 8BRS B8R0 otveen
thd € 6énsbf SIREAITTD 4rfdl tHe WesRd s@ﬁéd?\éﬁgnaTﬁ £1.PMBS Bme difference (At)

di fference routine 215 determ nes a phase difference

cay §p gtpredhin the tisne didfedenye ADPRAE thtporageisysenu2@hes previously

i P S A P R Ghatrisen sttty B fgrined phase

dl\ﬁﬂé’éﬁy thef déreniaed ﬁE&@e Pa§1fd dithdBf R0 6Sed 1 ®AGmine t e mass flow
nmbodi nent is conmputed fromthe first sensor sign

rate.lo the second sensor signal 211, the first 90 degree
pha ift 212, .and the second 90 degree phase shift
21351%?#@% é]E‘%fF‘ﬁtPﬁé%CSﬁHH%’ée 41§ ey %‘rﬁ%@llélﬁ g er Jose g thermass flow

ratt e RIBAS a/fo? ChY 1%%(}]0% 40 easgltr f 8 e% 894y Wsh 2 04, as

pr evi ously dr'scusse hage

det #1Gi féda fiswrbatt 560 foif asﬁetﬁmll oﬁpﬁmeﬂsn@ﬁﬁh ase sé‘d@hﬁtsémsor
can be cal cul ated and obtai ned much faster than in the
sighalsdp aa@@flolrsrﬂ%vv@swr BE NG ta aammbe@ane@ﬁ qfftbe &rveatipm In step

s S B RS ASTAA20 DAL 2HE s
cofhpfib&y &fifee af @ stb&n(i‘ 6t @6Wh&RMnl ﬂéﬁ@ﬁ’%gﬁﬂi sinat. he

freg};ency of the sensor signals 210 and 211. Moreover,
becdusteptohe, ﬂsh@geordi fensotevigreal isredeived.nimene embodiment, the second

ndepe dentl he fre n an errot, onen
serisE SRRAs T8 el SO REF Aot S pofignal (. the
op ﬁ&ﬁﬁqﬁeﬂgﬁgﬁS&ﬂemggﬁggency determ nation, i.e., there
IS no conmpounding error in the phase difference
nmea$wstepens, thesaseysamalsyantieeoptinvacdi 1d encaabodiniedr, the
reduced . over phase difference aof the prior art
Corﬂfﬁeowgdfa% %ﬁ HetiRg IgMNE SofHe e URYY

i Bl e b TR B s

ad&ﬁoﬂ,e@h&ecd&)ﬂmm@ bpdralds @Iﬁdaet foi‘tﬁi@@ NehcB Qs @ﬁ@ﬂﬂﬁatlon
" & ase shift 214. The determ ned frequency can
ude

BRBEtG- nlfithe swequen@ly COIRPrigs andleg senalag@es*»ye;ptc@m fagher
cope LA SNBSS e
order to produce digital sensor signals.

In step 504, a first 90 degree phase shift is generated. The first 90 degree phase
shift comprises a 90 degree phase shift of the first sensor signal. The 90 degree phase
shift can be performed by any manner of mechanism or operation. In one embodiment,
the 90 degree phase shift is performed using a Hilbert transform, operating on digital

sensor signals.

18



10

15

20

25

30

can be cal cul ated and obtai ned nuch faster than in the
prior art. This can provide a critical difference in

wo b@w/1zmseer appl i cations having high fl ow rat eBCDUS2006/019595
where nulti phase flows occur. The tine difference

(Dt) routine 217 determnes a tine difference (Dt)
bet e stap ©AS, 4 secend S8rissreephgpashifi 19 2eRIiehe Té:\é@@@mld 90 degree

ong R oPhPRRe {0 eaief phodmnit b 55T PlorcAyly Agn the frst

90 ii)é?fe@'ﬁha%mﬂsth@ oeVdegtse phadé siEasEabe p'EhR)ntnbmby any manner of
ference (Dt) conprises substantially the determ ned

megshagismdirwpdediony t he det ermi ned frequency, and is

t her ef t th fl te. The.

{1 ol SBoae: oraf B FrioamSEa 5 e frbsegfia genal and
thé@é'b@n@geﬂs&emgﬁﬁsuilhg‘fhé B1€90 H@gree PR&id shift ARAARY sefcbﬁd 90 degree

vol une asS previously discussed. FIG is a
phﬁdemlm:ﬂnaAtddBMabmfwnmﬁtdmo@ncaisqdmm@ésn ngdefr ito SOman’d: the phase

econd sensor signals _ in a f [Lownret
difierenscil Hgmﬁc?n}i??dgfﬁﬁ% S%?a fijli%“‘ier}% QﬁftePBWedlflfPf%tt%epﬁrSt Sensor
r I
mg%% 'tl(ljﬁ.t &%o{nﬂ E%‘Lso? sgflglf tl’s?e'eﬂ;tgg?o g?% o€ ?ﬁés\ées‘lil}flt Sefé‘lgqg? ts%cond 90 degree
phade dhifkst Thaphade dliffersice eamppisekopliass d[ﬁﬂﬁn@a artht response signal,
step 502, the second sensor sjgnal is received, |In qn
i. e i H1s) thiorRick i senserso Hint desrsBrdusitg the Cobelsy $féess nzetherfebratmg
downs or upstream pi ckoff sensor signal (i.e.,
n“% e5%%8%§' e of the first sensor signal). In step 503,

t he TgRREQIIL ﬁlﬁ@bihﬁ“ét@n@&s@%ﬂﬁh@@ﬁhoﬁﬂh@ AGed for any frequency
enbodi nent , condi tioning can include filtering to

valuerip vke mme’man dThewesniting Izhagmélf&renqq cendeabtadaedranch faster

the filter.i rlseb ass-filte
thasy Spbse TSR ORI R isRE o Ther SRR difference has
r on,
Ry B B R A Y Dol 0
si griaktep 0Aea Steqperegnis tompheed. ddrdrégenanycavedingto gfe invention

sanpling, digitization, ci mation that are
is pbtaptpeseesly ﬁOlélPH from, %gaﬁégsaiieglre@ ﬂ@%@néi%%ﬁcgnd 90

deglré i{hg%) %QﬂThe % cgpmgde?‘%regl‘god?iﬂ%glgt 1 El%e %S%%ree ghase shift

an@ éhdleftRpoRdias @eﬁd’@t tignaf fromewhich she $@ dsgée phageashift Tderived.
90 degree phase shift can be perfornmed by any manner
Th@ffﬁﬂé‘@h%msmlb?aﬁ@pé]rf@lsp@ﬁe frequenvy s difivenfirst sersopeignal and

the 1%:3 & 8$ h%? gl'gi?]a{t@%g‘e%lﬁ %{ﬁfeglr t?gl‘?e tl%)\?oI s sﬁ'&n §bre substantially

identical in operation). The frequency comprises a vibrational frequency response of the

flowtube or flowtubes to a vibration generated by the driver 180.

The frequency thus derived is obtained without the need for any independent
frequency reference signal. The frequency is obtained from the 90 degree phase shifts
in an operation that is much faster than in the prior art. The resulting frequency has a
greater accuracy than a frequency calculated in the prior art.

In step 508, a mass flow rate of flow material is computed. The mass flow rate is
compﬁted from the resulting phase difference and the resulting frequency computed in

steps 506 and 507. In addition, the mass flow rate computation can compute a time
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sensor signals.In step 505, a second 90 degree phase

shift is generated. The second 90 degree phase shift
weewpn2zses a 90 degree phase shift of the secopPdI/Es086019595

signal. As in the first 90 degree phase shift, the 90

degree phase shift can be perfornmed by any manner of
diffesariverinérirom thpphapeidifierenge andihedonueACH vadethe time difference

RSB P PR R S o™ 97
degyeqep 305 &hs Aehditydnd dpiRnale BE detBniirval &CpRIRSEly discussed.

shift. ‘Additional information can also be used in )

or dbr step 5t0sthatveluneilpwaste winfoptiparitiebe fetermined, as previously
. enbogi ment, the phase difference is determ ned from
diseyssedi rst sensor signal, the second sensor signal, the

fir 90 I pc{%ﬁﬁ i et poiish r

phagieG'sﬁllsgat@.glo'?Eg P asg% gi({ff ftaé)r eﬁceéig%lﬁp%?igggg ngggﬁgglem
acabirdihe e an enibodirhent rod sipoimyentsomg nkml the ifigare, thebloklks tepeesent either

pi ckof f, sensors, that is_ seen due t.he rioli .
ProsessgRg CirGHIiTR O PFOSeEtIPg acwzrpumeﬁ@}%bq%@%@m 800 includes a
e r F
s €31l PRAIRET o deble SRS, 6 RPN b 503. and an
anilﬁﬁbl bidck®Horhage IR0 fad RR® irgats densideathabelt pickbffisdatad input and
than a phase difference cal cul ated using a freguency

theTghtraelaff siggalinpwe Rither 8iednR@ ofidlae RPEY @it comprise i sy sensor

.thlan a phase difference cal cul ated using a frequency.
SIER st ep 507, a frequency is conputed. The frequency

acC gk ghd embedinit tAY 8fakk QTiltey biskkagUaaRIons lssage 2iltdradock 602
fromthe first 90 degrée phase shift and the second 90

comtprise digitahE mits Airfpulse Respbnseq i@k yolyphase aleemasinnigliars,

. uses the 90 degree phase Lft.and.the cor.r,espondin

imae g PR OGRLHm 2HS: G5CToas PERHUE S APRIAy method for
B . o . I r . .

SRS Y3 o SRR ol 3 i A BERBRR decimarng

beihgqrifdrsed avthesameahrdridiegitaletme aed aisthesambeletinmation rate.
sensor signals are substantially identi (f

Alispariiel e s Fiies BB pOd GAIGEeEa (HIBF Bladk§9p can comprise

i UG EERRRAE IR g1 o OIS SOESE dRIEIRE A proceses
Hdvwiir,de§Hotgd bé Snédiktaba eight \bittid? Gilerinp roessksf o/ @ fiitering
i ndependent frequency reference signal. The frequency

emibodishents arscedntempleted 200 asegitbien lasepsel thesleseripgion and claims.
ope ign. t hat, | ch.faster than.in.t rior. t,
The F6s fFhowg el abereyRes BgmiyPBE mipek o FRefipgld e
emboBAHEROF tEr AR E Al e LR®ORIh& sBHvn, the ISileRt #8&ford block
nmass ow rate of flow material is conputed. The mass
608 limsludest 22l PO branch 700 and a RPO branch 710. The LPO branch 700 includes a
LPO delay block 701 in parallel with a LPO filter block 702. Likewise, the RPO branch
includes an RPO delay block 711 in parallel with an RPO filter block 712. The LPO
delay block 701 and the RPO delay block 711 introduce sampling delays. The LPO
delay block 701 and the RPO delay block 711 therefore select LPO and RPO digital
signal samples that are chronologically later in time that the LPO and RPO digital signal
samples that are filtered by the LPO filter block 702 and the RPO filter block 712. The
LPO filter block 702 and the RPO filter block 712 perform a 90 degree phase shift on

the inputted digital signal samples.
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35

conmputed fromthe resulting phase difference and the
resulting frequency conputed in steps 506 and 507. In
w@dwsti2mse7 the mass flow rate conputati on can POIPS1066/619595
tinmedi fference (Dt) fromthe phase difference and the
fre%uen}a, wth the tine difference (Dt) bei n%
ul t (ikeddilBerisansiors blok G082 i3 adirstated tPINEQVidmedhe phasst ep
th I i-qnal b ' .
Pl SRSPUbY SRR Gpa) s BR-CRL At ggpacca o
and RPO SighaloRhi geﬁbhus helilleitardisReth. Bise Hilbdt @4afrm produces 90
di scussed. FlI 6 is a block diagram 600 of a portion
degiee phasepshifed sensipns pé thah PO3md RIYP gignglst be.ait produces quadrature
nbodi nent ef the.invention, . In the figure, .t.he bl oc
(O EFRRaB: ftorerein e BabiaR 1 sikohl b Gl cHuSaftpg diine
Hifeh enafdratblotR 803 TheefolOftovilcaTheAR W Qladasl @QZ c@mgonents LPO
stage 1 filter block 601,  a stage 2 filter block 602,
Q andRBEY Q, slong it the birigital,d0phassm() signalnainysirents| IoR® I and RPO 1.

604, The LPO and _RPO | nputs rise the |left pickoff

si gride TRHE o ‘iﬁg{ﬁ?ﬁ%‘ W@#mﬁﬁo?z@f@%@a SIFCRIRRRGY e as:

Ei t her the LPO or the RPO can conprise a first sensor

si gnato =l 4, eog(ewenbodi nent, the stage 1 filter block (2)

601 the s filter block 602 conprise digital

Fi nil?zggl_n%mcso%&%g%éonse (FIR) pol yphase deci mati on 3)
filters, inplenmented in the processing system 203.

UsTipethe Hilbdretrangbomy thebeouaputdietones: met hod for filtering
and decimating one or both sensor signals, wth the
filteshng an jyati ng being perforned at the sane
chrcﬁq)’ﬂ”gf Ezi%"”??lﬁr%{}gnd at the sane decimation rate. “)
Alternatively, the stage 1 filter block 601 and the
st agP@,.f,| 4], shi(eck ¢§02 can conprise Infinite |npul s€?)
Response (HR) filters or other suitable digital

fil.ters or filter pragesses, Howev it should b
Comphiiiisargmal orh ettt pecuimpe! frodlbukuBasiang yicids:

filtering enbodi nents are contenplated and are within

t he pe,of t escriptigon apd clains. FIG 7 shows

det aLlszf&chAIﬁtO[wcé)SQ&%gﬁln{a’lf nsfer’m bl ock 603 according to (6)
an enbodi ment of the invention. In the enbodi nent
showpothg A+ BY-ANsd(er ogk £639i ncl udes a LPO (7
branch’ 706””%@21 FfFJO bréncﬁw 10. "The LPO branch 700 @

includes a LPO delay block 701 in parallel with a LPO .
fi | F&&SHB gt 9rop blockdiagrams of feo eident hrangbeyefdbe gnalysis

R | | ock 7 11 j. Lel with RPQ fi |t .

bl a0g ARt o an{ ot Eho B Bl Syt e sl 504 is the

finkl Nede dfithe HGLORC 8ifFaERidl phaste had Seltd TE AbRRskRk@Ment. FIG. 8 is
bl ock 701 and the RPO delay block 7 11 therefore

phasel pection. POt aeemmixing adirstdiranch that determines a phase difference from the
in-phase (I) and quadrature (Q) components. FIG. 9 is a frequency portion 604b that

determines a frequency from the in-phase (I) and quadrature (Q) components of a single
sensor signal. The single sensor signal can comprise the LPO signal, as shown, or can
alternatively comprise the RPO signal.

In the embodiment of FIG. 8, the phase portion 604a of the analysis block 604
includes join blocks 801a and 801b, a conjugate block 802, a complex multiplication

block 803, a filter block 804, and a phase angle block 805.
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35

signal sanples that are chronologically later in tinme
that the LPO and RPO digital signal sanples that are

wo pdobaemel? by the LPO filter block 702 and t he RPIDUS2006/019595
filter block 712. The LPO filter block 702 and the RPO
filter block 712 performa 90 degree phase shift on
t heThenjoirt bledksiB¢iat ald 30 1prabeivabpl g—piﬁée thyped guadrature (Q)

transform bl ock. 60 first st vidi
oS B RSO SHT HE PRBLE O g s biReR g2 Performs a
f 1 54 fth
corfEP YRRkl | Rt d LM NG PR LA e of e
imagireay s@9ab (Tltegimplep hastipBtrtfonddocked & mulilpifes theRPPGignal and
and RPO signal s, .i

. duce u ur.e
the d dih sigasls implemepting ,eg@qtm& ﬁlorg&hs'g% !?]? a%lp@lﬁg Hmplements a
e
s BEREEHGh s DS TN BB SR comprie
pol¢ptaRe desistioRPi16r andl iRRRJIG remonghainidni¢ bentent Homahe in-phase
I'n-phase (1) signal conmponents LPO I. and RPO | The
@ ambqwlrat@rq sammRanentr GiBe SPBFISER: B08el 2 tpgécimate the

T P e T

sigh81C Sas deagiﬁ\@fntb é\fa@@orsdﬁl\m Yor(eAhmBROTheplidse Jaﬁghdalock 805
n{vvt +)] (5) Corrblnlngthe original ternms with th

determipas thefphabeang]b drom theangfmmly aed geadrpioey eQquponents of the

BTN OUNG I O

ﬂuR%?? gdi agrams of two independent branches of the
anal'ysi's bl ock 604 according to an enbodi nent of the

i NVERE phise pbingora6edy sticsvibindeliG. Blmplsmette thid frdlovanggguation:
of the frequency, differential phase, and delta T (Dt)
measurenent. FIG 8 is phase portion 604a conprising a

fir h that;#let n,ees & p e gi-bderence from (g
theiﬁ&’b@‘gé o an&fg‘iﬂadr at ur e’P"( Rpe%nponents. FI G SS )
s a frequency port| on 604b that determ nes a

fr enc fromtheln ase ) and ture (Q
5’9@1?1 F&%Fﬂ’@l“% é’%s%éésrégsﬁ ]in%g‘l'&’@‘ay ngl e
sensor signal can conprise the LPO signal, as shown,
or cay Al erndtively conprise the RPO si gnal . In the (9
enbodi ment’ of FIG 8, the phase portion 604a of the
anal ysi s bl ock 604 includes join blocks 80la and 801b,
theg: conj ugate bl ock 802, a conplex multiplication

LPOx RPO = A%e’) = A*[cos(¢) +isin(¢)] (10)

The resulting differential phase angle is:

4 = tan™| SO) (11)
cos(g)

FIG. 9 is a block diagram of a frequency portion 604b of the analysis block 604
according to the invention. The frequency portion 604b can operate on either the left or
right pickoff signal (LPO or RPO). The frequency portion 604b in the embodiment
shown includes a join block 901, a complex conjugate block 902, a sampling block 903,
a complex multiplication block 904, a filter block 905, a phase angle block 906, a

constant block 907, and a division block 908.
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bl ock 803, a filter block 804, and a phase angl e bl ock
805 . The join blocks 80l1a and 801b receive both

w0 peophzrse7 (1) and quadrature (Q conponents of PEI/BESU8€019595
signal and pass themon. The conjugate bl ock 802
perfornms a coqglex co ugate on sensor _si gnal (here

t he ASARE oY R Scua%?é i blople gm repeIvEs bpﬁxemrpmgf:

qua(lhlgﬁﬂe F?gg&%qﬁgﬁ%k;eo&(fs & {)P él;%ﬁe’ﬂtaﬁl e'hg%@ ?I!fenlji op: The con_]ugate block
9012 @iéi‘fﬁffﬁ@h lcﬁﬂlpﬁxl*ﬁﬁlytfgﬁite( &) akehRwsighBE htid th@ PO SicKal8@dd forms a

implements a digital filter, such as the FIR fi ter
negntete fdhelimaginery signal The delay|bbetk Y4insaduessraampling delay into

h
e Rro RS Bofou o A HerSe e Hei Gt ot ot i
chléc@)owg%m@rtqa&ﬁanmé hehig Qﬂlééi‘rd@'teg Rehnal §npelid rrﬁlﬁlﬁlﬂsd with the
deci mate 'the signal. The filter coefficients can be

cughotségitaleigrabin the coayileramiudtiplishtion blackddt élalesnogqﬁbx

b f f I h
e TR e T S Roabiea decl b sidhal A piealsk S hg gt Sl
i R R ARG REPHoR TR DD TRPRRE D st Piter, such
as 8FIRfiltenmeyivuslyutidduesed( Tha Xiliehbluck 966 @an chhpristapelyphase
portjion, 604a shown in FIG 8 inplenents the follow n%and

degigptiongHter trays ngad te AprpaEe harmonig pentantargys thg in-phase (

qu%.\@l'gipﬁ k@gce B\éxtfe%té:g%;a %?1%&)9'3 gglgg(ag ﬁ%@ &spgélecfﬁ? EHC 52 r)tal The

filter cogifibiehts dahMe chidgerd %&ﬁbbid@medhﬁe&ﬁmedﬁtheinp@haa Siganglsch as
is: FIG 9 is a bl ock diagram of guency rtion

deeimpgionfbythactonaify 8i for iskamples (Phegehvse anglg blaskt s determines a

Php e B PERRPhELELE SRR CDiRar el el signa

Thy}%a&f SPIEBlotk @@6t1 gfbn%?ﬂ@ gﬂﬂdﬁ%ﬁ'@fﬁﬁ%ﬂ?@) b%ﬁ%‘mThe constant

i ncludes a join blo conpl ex conjugate bl oc
blaBD07zuppligd 4 fegtdrlcoolprBiR; a sancplaphte )t dinitdedby two po ms shown in

e @ oas dnisih Bloek 365 pe ﬁamaﬂﬁq“@ﬁw%ﬂ%ﬂ?@@%%%wﬁon (14).
e G R G AR et e

signal and passes them on. The conjugate bl ock 902

perf-er-as a conplex co gate on a sensor SI gnal , here
Do Il e DT & rtBhei fom el tHe | mmgi nar y (12)

signal. The delay block 903 introduces a sanpling
The ealn@é Bel&en two consecutive samples is therefore:

ol — a)t_l = tan'—l [M} (13)
cos(at —art_;)
which is the radian frequency of the left pick-off. Converting to Hz:
ot — ot )x Fs
j}po = ( 2 —]) (14)
T

where “Fs” is the rate of the Hilbert transform block 603. In the example previously

discussed, “Fs” is about 2 kHz.
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the frequency portion 604b, and therefore selects a
digital signal sanple that is chronologically older in

wao 2ewe/1275k1 s ol der digital signal sanple is nul2CpUE®A6/019595
with the current digital signal in the conpl ex
nulthglication bl ock 904. The conglex mul tiplication
bl oEKGODtisrapawes Spesiremealensity pliogats Piskaoff Rensppeignal of a flow

' ' L.,. i ' ' | OW,, .
e aiopBF b RoRrishS” L E FlideRolltahliy| oihs PRhMheris e
tall%§t dpe &t the fokdgHeAn ik Q¥ a@dBAr b B L3SHEd ThBGighitd 4186 shows several

l ock 905 can conprise a pol yphase decimation filter )
otheh dtrgé spiksseih the fregrency spactmomi(thecfnst ron-fundementsd mode is the twist

medhEatopti S oI ThE B auPRa e FneTRE mode). These
TP B R AR ompre other,
unésirableasehsor mbdesq;. ef, artwist anylepa sddoad blead enaddegete.)bl ock
oooafe: £ S ahpaa e eTbb e A St ed0d st
. i | i 5 ti . .
h3tsh BREticiR, TR ERR P blofl ¢85 SR rifbdiéht includes

a [P BFdnghnd 0a asa AR B0 badrehAd 10i ThdddPMyraned 1000 idudes a delay
shown in equation (1 The di vi si on bl ock

4) . 908
blasd Harimparsle, it siikie Wogk 3016 Rho RPCYeraneloAL {0 ip thisgbodiment

ind TR PRbh Rl R} BBFETRE Sk R Bh AL A sempiing
de{aﬁ@.) Am%f&e,adhhie gg@:& BRRR 702D ERRHE 6 W0l degr&eiHak e ShilfiSon the inputted

erefore: is the radian frequency of the |eft
digitat kigoaf san@dew Brshionlgl heouriderstood thet altasnatiyely-thel Ifilbgretransform

"Fs' s the rate.of th ert transform block 603. In
bqu';ésoéxﬁ é’hﬁﬁee lgdgf’tﬁ%{ﬁa%%%; "Fs" is about 2
kHz 'T'}:lliﬁro%gssir%r &g?%enﬁ?&%&lﬁ‘gﬂg@r@ $iah¥oPhRiha8d slﬁftl of only one

pi ck-off sens w et er under nornma

sergpon gighhbinsorddite devive dotinthalfrdguentyeancithe phadeadifieramre (se FIGS.
is the tal]est spike of the graph and .is |ocated at

2-Hp ddtis sigaifigantly reducpyheduabss of FewmBuHeRS Beedstfeperform a phase

R RAE S R MRS U Bl Bl i e

undanen
mARE fl_komte. 1.5 times the frequency of the fundanental
node). These spi kes conprise harnonic frequencies of

t he In tisembedinen, theswimé wp thesdiloerhtransiom dlaakLi)3ewill provide
theZcSIEaséff)arttuHaD &f)scoiﬁpoen'eht & ettiﬁ\{els %hqugeo‘r r?ghtc’ segnosgfj sigﬁé’l?b{&o rgo% 'both. In
the example below, the LPO signal is phase shifted.

LPO = 4, cos(ax) (26)

Ipo
RPO = 4,,, cos(at + ¢) 27
Using the Hilbert transform, the output becomes:

L‘P Ohi[ber! = Alpo Sln(&)[’) , (2 8)

RPO = 4,,, cos(wt + ¢) (29)
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FIG 11 shows an alternative Hubert transform bl ock

603" according to a single phase shift enbodi nent. The
woiiwen275eT ansf orm bl ock 603" in this enbodi meneCT/US2006/019595

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

LPO branch_1100 i ncl udes a del ay bl {Ol i n paral]
Coggbining the }.P@roriging gerpp withnthe omfpot p¥ ﬁﬁc}# BeFY aRsoRh (i with the
90 phiwedshiftrtieldscl udes only a del ay bl ock 701. As before,

the del ay bl ocks 701 introduce sanpling del ays. As

before, the filter block 702 Rerforns a 90 degree

phad@ @it [con e S Fed,dgi t al signal sanple. It B0

shoul d be understood that alternatively the Hubert
qek &f3: ' could phase shift just the RPO
whﬁlé%ﬂéﬁ%?%s processi ng renho ng_*_rTERJH es the Hubert
tra L phass: st 40 ¢onl'y*éne sehsor signal in 31
ordg?(t?o d‘@rlag/(e both tHe freqwency apd the phase G
di fference (see FIGS. 2-3). This significantly reduces

t he r. O 0 tation ded to perfarm a phase ..
oAl ehorove i Shahph it F% G bR DBl i e Sfbodiment
ThE %HE%l@tb'l (ﬂﬁeﬂﬂ%ﬁ SnBbdifens H&ﬁuﬁ@%ﬁe fdigwlsat 8%)1 e complex
t hi's’enbodi nent, the output of the Hubert transform
m\ibﬂlpiodatlﬁﬁb'looki 803, plowipdss filter bjoakid 26 Liraad (@@hase apgladivck 805.
of either the Ieft or rLght sensor si %nﬁl, Fut, not .
Thegnwysie Plagkeb0drapthes grapodimenhanplepeaisdhs folievigy equation:
shifted. O = Al po cos(fltf) (26) RPO =Arpo cos(w +f)
(27) Using the Huber J;sfo(am he out ut becones:
Hg%}g =Al,pQ- & @ é) REG A A )
ngl nl’h’g t he origimal te mW|t2h t out put -of
t he Hubert transform(i.e., with The 90 phase shift) (32)
yi el ds: LPO =Al po [cos(w) +isin( w)] Al poej (W )
(30) while the RPO stags t he same: RPO :ArPo s w +f) |
( 315Fhs|1@ev—pﬂ2s §hemklockhé2@hapmprisess lovkpaofHter gt remaves a high-

fregi SRR aerEn e e SRR Bl A Se e tovw-pass
ﬁlttef‘ﬁlo%ﬁq@bi”éaﬂﬁh%ﬂeﬁie'n@ﬁﬁ ¥ BANBEASHMoROshss ﬁltbﬁﬁ%l@ &%tion. The result
[ter block 12 and 'a phase angle bl ock 80 The

of theahyBipbictfiacépdade piodutts tsvoeietiogli "ﬁhm(—ootrﬂpb)em%} tsrmigembines
an(fi gllnllpolyﬁes%o a% ggé-grqu O term (a DC result), since the (—ot) and the (wt) terms

cancel each other out. The (ot + ot + @) simplifies to a (2ot +@) term, at twice the

frequency. Since the result is the sum of 2 terms, the high frequency (2ot +@) term can
be removed. The only signal of interest here is the DC term. The high frequency (2wt
+@) term can be filtered out of the result using a low-pass filter. The cut-off of the low-
pass filter can be located anywhere between zero and 2.

After filtering, the result is:

LPOx RPO = A%'® = A?z[cos((é) +isin(g)] (33)

Therefore, the differential phase angle is:

]| sin(@)
4 =tan [__COS@} (34)
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eJw f) +e-j( wt+ ) AALPOX RPO= Alpo e-J(M x
Alpo -"-Rpo \ j(-t w+f) . j(Ma>t+f) tpO (32) The
wo owep2rse7 filter bl ock 1201 conprises a | ow parR&T/UE100€019595
that renoves a hi ghfrequency conponent produced by the

conpl ex _rrultig{l_i cation bl ock 803. The |owpass filter
bl o8y taking the Hlilbasitemsformafionemiclepisignabinstregdof two, the

colpbl G Ao BhAEu%8 e A e YR ot mss
flobemBtesOR¥UdNaStapeshs Bl #8aLIEdd. €Phd Shode BA@ SRSy dAnttBERTdra be
DC result), since the (- wt) and the (w) terns cancel

detesrninedtusing twt senForesignals, bupising Only ey de¢gree phaseghift.
2wt +0). t t twce the f S h ,
N CE NN SR 1 T
Wl'ﬁfan b GRIP £ifBrelS: (RTPMELof HRR iCnYpaPdd MBe PhartisRORE & $low material

ere is the DC term The high frequency (2wt +0) term o
indhatinge gad flow(ed, gastbubbles,Her exasple). dEidagthss ¢amditinms the flow noise is

T, T TR R et oot o
calchiBti6@SHchn b seeht ffork BiXerfihat e 28hltlerived bE @S Avention does not
+isin( f)] (33) Therefore, the differential phase

disptuyl the laggeRyeaks kichypltee that e refleotesrinfosionpis {AD mecasurements.
pi ck- of.f signal. .instead of .two he conput at i onal .| ga .
needdt PYTRRRRE RIS S RHOY b Bt Akt Doy 2efrmines a
P8BS0k L bl VAN BB BB, ko
driver signdlwenstensdriverisystainsin drdér tosieteymand theorlratonalegspease

phase shift. FlI .13 sho t he sensor processi.ng of
fragHengynigrongasta edaﬁ%wﬁetemw ffq%PgBéng ,Sﬁ' g@}%’h@% of one

of t(t:ljhéﬁs{odé 6! ﬁgﬁﬁfg%%rg%ég% Y& d8Es ﬁ(?t&%itéggﬁlg@gﬂg?i%g\?\}-{ﬁ%esponse

Shows W erial 1nc

frelqueey fremsa PhHsbIsBEL off Dsengxedipha) . Under this
condition, the flow noise is substantially reduced in
t he Seeondiingest iptieratidtoxrmeterst determina g hate gHgrmce hgtween pickoff

SR M S P2k R by S 0 DR G v
inélh@R] RMht BEiolk 8% IR gRERISIANEhiMaAIdEXSIndIiadd B tBe peiot 8&tphdse

In prior art (Dt) neasurenents. The invention differs
differenve detepminetiomraompiunding théeverallerronin theypiasairt mass flow rate
dege%tn?rgargorﬁ? %n %ontrast, the invention determines the phase difference directly from
one or two phase-shifted sensor signals, without using any frequency determination. As
a result, any error term is the result of only the phase manipulation and phase
measurement of the phase difference determination, and is not affected by any
frequency determination error.

Third, the prior art determines the mass flow rate using the independently
determined outside frequency. Typically, the prior art also uses a phase difference that
has been obtained using the independently determined outside frequency.
Consequently, in the prior art, the mass flow rate can be twice affected by any error in
the frequency determination, and therefore is not satisfactorily accurate and reliable. In
contrast, in the invention the frequency determination and the phase difference

determination are independently derived. The frequency determination and the phase
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pi ckof f frequency using a pickoff signal and an
i ndependent frequency source, such as a driver signal

W@ e0wb/12752R8 driver systemin order to determ neP@TES2006/019595
vi brational response frequency. In contrast, the

.l.hvention detern nes frequency by shifting the phase

digfrepeRAgmiRations B8 ﬁ%%ﬁn%@pgmp@re WEU%% %ch Priaggiegror
t ] vy i I I r :

colfpSEL SL0% RSl AN B RRREARPUREURAS Ul i, e
ansouint bf ernoEinehs ndes Gowi e detghdasticl Kfgeealyoedheddve@msequently,

pi.ckoff signals using the prior art frequency )
deggityedtif YRlwmgilowasates &sreding énthe, inyenfioaare alsp spteied ip gecuracy

. REdOr art frequency determnation is included in

an%iﬁgha%rﬂingﬁr art phase difference determ nation,

CoMPoufttl] e fidipenyed@bimi@ation of thetptidr pFt takesa feldiB@Sy long time.

flow rate determnation. In contrast, the invention
In gévations wdwre the fhois seateriglicompaises diwedhpse ortbracophaseflow, such as

oo BuRRGog Busife o el M ST Ao, the prior

artl Bedulficy 88tetrhindfioR BhrY tdikBes RN R%Ss B kBibndk k@PrAdh @5@@3 and

measur enent of the phase difference determnnation, a
relativelptacafrbediemiehyy arpsiremgoe loycodgag therfatquencyeandphase
.Jhird, the prior art deternines the mass flow fate
dl%%ﬁea@e dFermiRaEpRRESAIdE Hethe iRyeRian sap b @Etwec&@@ﬁla fester, such
as Bﬁx@h&ﬁllde}’ Bf frﬁﬁisgédn% o?hhn@eﬁ@oﬁﬁ‘ﬁ’lﬁs oﬁagsﬁlldql&fv%hgﬁﬁ{%ﬂsﬁcs
that has been obtai ned using the 1 ndependently
defietdfroimthd fragushelearfd the yphasydiffecsise gaealsbbe obtaihé®in much less
.prior art, the mass flow rate can be tw ce affected by
iy error in the frequency determination, and
t hergfo | I.Sf £l ccur. nd,reliabl.e.
 DeRFLT2 ohiOfhs GRG0 AEHIRL Gy AnEe LBl Rrentof
inetgitioh MTHat inefer alkttioRR s PVasethil éhBo@RERt deh RidRdathedRterface 201,
are independently derived. The frequency determnation
thedigitizee 20RatheditbEessingoysidet 20Fi anlt tho starage spstam\2@A; appreviously
.therefore include a nmuch smaller error ¢ nent . a
diseBSR, - ComIgeT e DD FORTES P ot EEio8 Y Bha be iR dpents share
cohifor] AfERhEO BumbB. AFAKBhIOhe %ﬁﬂ&%‘[o‘og thiethBBRAStet leftronics 20 of
rate determnation is greatly reduced. Consequently,
thidefigiey can dnvlote mearfduswothet esongpmentdi agd/oo foltines, such as those
i nventi on arg al so i nmproved in accuracy and
Pr?VéP‘i‘%}SFhSP‘P%?? Fourth, the frequency deternination of

e 2580208 Ap AP OBy s s o

frdmhephaeeagenibly €@ ipbake td davtmisy aings feactibf Wi flow components in
I ncl udi ng entrained solids and/or entrained gases
a floyy sategial Sowing Bypegh) thetfinw pretesrS. aMiass fraefimmisp ratio of mass flow

beﬁ%ﬁ{aﬁr@ﬁhé&%&%ﬁ%&tﬁgg ands sercrzlcj)ﬁcrl] ViT) cldrrzlpgnee% Pndg WS phase flow
stream. The mass fraction can be used to determine masses of the various flow
components. For example, the flow can comprise a‘ﬂuid component and a gas
component. The total mass flow rate of the flow material can be multiplied by the mass
fraction in order to derive one or more of a fluid component mass flow rate and a gas
component mass flow rate. The fluid can comprise any manner of fluid and the gas can

comprise any manner of gas. The gas can comprise air, for example. The discussion
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relatively accurate frequency nmeasurenent. In

contrast, the frequency and phase difference
waledenmiseat i ons according to the invention canP@BUS2006/019595

obt ai ned nuch faster, such as on the order of

m | |iseconds or hundreds of mlliseconds. Al flow .
belavafosuses oseir éx2 d8id, batit showdiieainderstensiibot thadnyamsion applies to
an?@% e difference can al so be obtained in nmuch |ess

iFme. FIG 14 shows the neter el ectronics 20 according

to anetrheer elebeshio®D0 rakivied and presRtded . frefiendkefeBponse 1410 of

el ectronics 20 of this_enbodi nent can include the )
the meter asemnbitp 10, susk agiadinst sessordgnaltlié0 pnd esseinsgsensor signal

145 e B SRR R ST TN B B0 R response
1490 B&b (RITBAMH RISy 68@?%&{% URD ah & e AHASTEHBRES éorgb%%em 1416.

shoul d bé understood that the neter electronics 2
Thehheterf ¢lgerenica?0 deteirnbes anovetadl denbity (meom D@ fitos the frequency

and/or routines, such as thos r.evi ousl y di scussed.
regins 4 | GlOViite H1 SHRPEEE AGHTE4 PR 19238 A8ERnTEf fom the
ing :
B e L P e A BniCE s AiBE HHork response
14¢0apdnaabs mode af fHeqws frgaene cdrhporeng 14 1 audthetfhed filequency
r 5. Mass fraction is a ratio of mass fl ow betwe

Cogleptpg%ttl"flﬁdwdé@ﬁ@%hﬁ vaihiractipacefrans iy Ebﬁﬁaﬁﬁ%rmleqtfp%ics 20
fmﬁ%ér‘c’jﬁe%g%%%%i& LAV F£AT B R S8 nd; 42'005!%13@1% e%%? Sgi_%ﬁsfi{jy 1421 to

ermne masses o vari ous Fl'ow to
defeemixheRhRs ftadgoh 19Y9.CTRe ﬁ@@&h@@orﬁ@b 44 defermpanent
and a gas conponent. The total mass flow rate of the
flow]u'@_ternizlal can be nultiplied by the mass fraction 35
in d?d'e‘rmtjonﬁqerive one or nore of a fluid conponent (35)
mass flow rafe and a gas conponent mass flow rate. The
f1 Uit ohdRnbRERA R Ethe MYasTERAEN @bmbliésh ARG fAQIFASE HBMmML,,,).
conpri se any manner of gas. The gas can conprise air,
Thiegnasszacpibe of gaecathpisessi onbel ow focuses on air in a
fluid, but it should be understood that the invention
applj,es 10 dfys gas. The meter el ectronics 20 receives (36)
and rg‘ﬁcemsagsr;ﬂﬂufrequency response 1410 of the neter
assenbly 10, su A as a first sensor signal 1410 and a

s ec Hwlveensioshaildbeunditboll tleanalteatively theifentidh €an determine a
net er el ectronics 20 breaks out the frequency response

masa fiaction of fihil @alud e theshey ruepd{eneny ather mees fraetion). The
fluid.f 1416, Th | i
masg tiggtion R RS e SRR sas H ORISR 1A ast BArieo gas:

frequency regponse 1410. Li kew se, a gas conponent
densify, & “1421 is determined fromthe 37)

Mg + M g

However, this discussion will focus on the mass flow of gas (mf,,) for purposes of
simplicity.

The first sensor signal 1410 and the second sensor signal 1411 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

blocks (see FIGS. 6-7 and 9). Advantageously, when using the previously discussed
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gas frequency conponent 1412. The neter el ectronics 20
uses the frequency response 1410 and one or nore of
w0 bmegzrs2t requency conponent 1412 and the fl ui BCT/US2006/019595
frequency conponent 1416 to determ ne the void
fraction of gas 1418. The neter el ectrgnics 20 further
highsspsed ifigquency chtqmm@wmmnvcmieom@ﬂ@r%m Iyearsitajely saigl reliably

and. t n3|t o determ ne the nass

dofPhietfi ISR SR Bt e T o o (nf) is defined as:
Nt Fhe prodedsing Wste‘mm.og ih fhig %ﬁlb%ﬂﬁﬁ&htf@ﬁﬁmclﬁd{@a lifBi‘:‘zlSﬁ*actlon
fractlon conpri ses a mass fraction of gas (nf

roﬁlfhe IrﬁQé sa hotgbtfilten r@ﬁtlrga]a4080mm b 5SS ﬁﬁf:tl@rarwtms 6)40fn das
be under

progering: TRy S ERR T ETIONE O3 OUBPE TS o4 Tgb outines, such as
10\2—[@% ﬁﬁél Bhitihd 9:'11@3 b & h@)pralsg fifae r$dtf?1W lm@he@llﬁzlme(tﬁfe c?l the one

mass fraction he mass fraction of
or (rm‘ré filfers)orddteprosiéreesiche umqutd &neich ffer t:hleﬁgma‘son or other filter

actio f nf fl |er 37
9@91? tha r%gqsi%@@agrgw%%qf qq&e&é%) Q%ﬁf%ﬁégsgi&%yswm 203 can
f first
AT RO 1,2 AL 0 i

14L9 it cae stotdBEQustich geloasd meadigerdbgsavaid iimatiomteterminations, and
substantially continuously received and processed by
mash &ragienfeterpipations, cespedivalyic ihe pragegiag syvem 08 kan Yorther

f 1
indfhs Bhio BENRRREnRantldedg Mt e 5 LR RRRE AR e
stoRé QeBisinb HebqlbRGkeali&e®r HeGRid Graétiadn®mass fractlon determinations.
Advant ageousl y,” when using the previously

Thelipsoeessiag sy gomsiBeaint fngheraincludd en eveiatldansity lﬂ% a gas component

deé@{y:féﬁl c? ﬁgluﬁ;p o ¥%%’1? Fig]%r@% ﬂ}? th%%s? L&k gy density values for
thé’{}&gff%%hﬁﬂ a8 $1R5620801 BetbhBagBROdi ment can i nclude a

VOI action routine 1401, a notch filter routine
1402[“he&‘1‘uﬂ1uanaf§ammﬁr[sadt4ll0momnﬂsesn&nﬁ14 iquaiy (fr:0¢ eherany the
system 203 can_further jnclude on fil

freﬂpplicgrreﬁmﬁ A&L0 cayuklude ap gas frequgncoyr conn%:r)oenen%: (tIgZS £41% and a fluid

frequency component (fi,iq) 1416. The void fraction and mass fraction can be
determined after these frequency components are broken out of the mix frequency (fix)
and determined. At any time, the frequency response 1410 can include any amount of a
gas frequency component (fg,s) 1412 (i.e., entrained gas).

FIG. 15 is a graph of flow meter 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 from the density of a fluid in the flow material flowing through the flow
meter. Since density can be derived from a measured frequency, the frequency
associated with air is also distinguishable from the frequency of the fluid. This is also
true of other gases or gas mixtures.

An equation for calculating frequency is:

ot — a)t__] — tan_l _S_I.PM (38)
cos(wt — wt )
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| ow-pass filter routine 1403 and a high-pass filter

routine 1404. Alternatively, the one or nore filters
W@eoobi121seT routines can include a notch filterPCT/US2006/019595

configuration or other filter configuration that

rejects a narrow band of frequencies. The processing
wheyeso énileoadien frequenayeef the floniddis flow m§isendire rasisemgaenresents a

41 a void f ion 1418, and.a nas I [ 41
radfifh feafinutmelsafln dhieiits of Birul REZs PEAGH, Eonlghge te
radiér@ﬁéq&!hc?;%i R dHrB@idne0 ¥ in Eeekz B givedCt i on

determ nati ons, respectively. The processing system

203dpan_f(mtfwu)><ilﬂ.cl ude a fluid frequency conponent (39)

1416 /&d a Qgag frequency conponent 1412 that store

wor ki ng frequency values for the void fraction and

mas $his expiation askemes winkaoiofrsquenioy ipprssets Lhgve freqeancies are

203 can further.include.an oyerall densit 420, a ga
DreSGhin S B GERRSTh P EE aic e oy ARt Taan Py the
flo 41%%te}iﬁ?ﬂu§lg,och§ bR dulod 88%Inhes: val ues for the void

raction and mass fraction determ nations. The

frequency résponsg 14:10.,Cc0 j S8S ] &e GY m

X), ﬁ}@ei‘-éf—ﬂ ttcﬁ]élI% Gt GaTRNERT)R o Suld el _l)% ar(40)

gas freqé®nty conbont@hibadindald AntPsk0st Tittl

frequency conponent (fflU d) 1416. The void fraction
whenalf.meis $hef fraqueanoy respongeeofitbe entitenev afatenal inehuling a gas

frequency co nt e oken out of t m, X
eGP G 0 L AGRES SRmBPRY (). « he

fre AV =Y i -

gas e L e PS4 G ne RS hmBleniints a low
pagsafilter. A Bw-pasd flta mssphowffrdquencinesubstantiey &aloy a low-pass cut-

responses for air, for a fluid, and for a copbjned .
ofigfrequengy-dArow-ipass dilter therelfgre ¢am be used)tg awaaV%ﬂ%h&r%lamleS-

i T : . . ; i | .

e e TS FEASH 150, 60 S ShLIOHLAR. OO

filteh p@isebhighardduencisesistanbiallg @boens hich-ea8 covotfdrdquesty. A high-
froma neasured frequency, the frequency associ ated
pasg filkergherefase ghw be yhest lofgioyR AWV drepeirsiehe frequency of

the fluid, This is a frue of other ses, Qr .
i e deteniTobind LA s ki FREG ARy e ects o
nafroWt ranéé"'@?fr@qrﬁ’énbﬁs (e af@SirRstell LAGUSHIEH ah théBef@incy résponse of
flow neter. The G - 1 termrepresents a radi an
thd netqhi €ittey: ©alypthe ffaquemcepimahe nowhare egedtedby geampiteh filter.

Thg?%é&gﬁ#&%’hﬁﬁﬁé?g y‘érl(q}aﬁre?@: @gggngf uge Eﬁéy&l?nc%sged 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 (pga.s) and the fluid component density (pgyiq)-

Density (p) substantially comprises:

1 2
p|— 41)
[f J
where f is the frequency measurement of the fluid frequency component 1416 (i.e., fy;).

The fluid component density (pauia) 1422 can be calculated using the fluid frequency
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Thi s equation assunes only one frequency is present.

If two frequencies are present, as in the case of
wepisazmsed air (the frequency of air and the fPEuUs00§019595
of the flow material fluid), the new equati on becones:
where fmx is the frequeng%/ response of the entir

9

compengntat . kil ong ¢rabedimegt, sheyHyids freqyigany 901@59%%65 6 comprises

an gé%gf? {nﬁ)ggléeg%{zﬁll} Itngy{: Eg %%szggmﬁgr%g@?%% S(fp;alf)lL‘Jit%Zl ‘can be calculated
usifi td £ ﬂ%@n&m&g&[&@ 1212, oupAsEuEHlLY, ehe vdidl feavtipass gas 1418

. friter passes |ow frequencies substanti al |l ¥ bel ow_a
is dabwlased es & vaticodf the fgdieoroponent densifyaPsuid iLH£S minus the overall

t her ef ar a S 0. fenove high frequencj T
e Bps 020 iR a5 6 HEi R egl it SO A mirihe gas
corﬁgbﬁe@ft defsity @D PRSY . FTHeRid RASEES cthPiialib® AuLMeI fofm:

substanti al’l y“above a hi gh-pass cut-off frequency. A
hi ghpass filter gheredare can be used to renove | ow
freé{p ragflonthe-morcir filter routine 1402 inpl ement s (42)

a notch filter. Aunote filter rejects a narrow range

f [ . i, s
of L CBRONR T o FrErRIRER Lo By eheh i o
makdrgguencies in the notch are rejected by the notch

filter. Therefore, the notch filter is very useful for
r endai mepsk fiawion tovdiesil¥ed detesairasdhemaps Gastionel419 from the

frequency re se 1410.. The void fraction rout.in
freq Y R TEL st P EEER s PRE P rprg Py 493, uses the
defeRRidel QWi RESE dAVE) A 8Y Blofle FWifE PR ICRRAsBE vAIRES AFORERH to
fromthe densities ‘of the f%ow conmponent s,” where the
calovlateathke nomsasractiof pAiX) conpri ses the sum of the gas

co nent _densi (Rgas) and the fluid.c onent .
denstasy ?’(nﬁ @P@ijagl%lme ‘%&n@? 3 @akeébys(i%lé&t‘éz?)r ﬂeﬁf‘e’re’ density
CO@@H@éLses: where f is the frequency nmeasurenent of the
U|§'frequency conponent 1416 (i.e., fnjX). The fluid
conmponegnt density (pfiuid) 1422 can be cal cul at ed
usin§=qhe fluid frequencyconponent 1416. |n .one (43)
enbodi ment, the fluid frequency conponent 1416
AsGORpiilt, 3RS ks fdeti@p@nfyicxh be sirfiplefigtercy. The gas
conmponent density (pgas) 1421 can be cal cul ated using
thed%ﬁg f mgquena® conpdhent 1412. Consequently, the (44)
voi d”fragtipn of, gééplQAS is calculated as a ratio of
the fluid corponéht d&nhdity (Pfiuid) 1422 ninus the
BeoM@kahd veidtBidion (W) xdmpdhigés e wotlede Ritiot he fl uid
conponent density (pfluid) 1422 m nus the gas
co ent; density (pgas) 1421. The void fraction (45)
coggg?éﬁfan has the form Void_Fraction p ""d p ""
(42) mix
then the mass fraction (mf) comprises:

mf =VF* 2L (46)
pmix

As a result, the mass fraction can be determined from the void fraction (VF), the
gas component density (pg,s) 1421, and the overall density (pmix) 1422. The gas
component density (pgs) 1421 and the overall density (pmix) 1422 can be determined
from the gas frequency component 1412 and the frequency response 1410, respectively.

It should be understood that only one of the gas frequency component 1412 and

the fluid frequency component 1416 may be needed if either the gas or the fluid is
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Pfluid ~ Pgas The resulting void fraction of gas 1418
reflects a ratio of gas to fluid in the flow nmaterial.
wab@enerse7 fracti on routi ne 1405 determ nes t heP@EES2006/019595
fraction 1419 fromthe frequency response 1410. In one
enbodi ment, the mass fraction routine 1405 uses the
kndwneFof example; d the gas osrpr{seFpirl thes 2 Saanslﬁgd g figquendyvegponse

(o it e r L P renl 7 B B5° AR Requsperpgon be
ﬁh@%‘éascsd Vyaxfdoanly“éh@mﬂ‘eﬁﬁ%,stegqglﬁeédedconprI ses: mP = -

a result e mass fraction (nf) can be
S| rrﬁﬂaefm@dr ¢lectr@acel eart ztcbllwmadﬂyfdemrmlmomﬂow characteristics,

C}h ri ses hevlumaratlo r gi %}é I

e e HBiiFish & CRPOBG R S Cev Sngomppagl]  Lumes, etc
I?ﬁet%éct%&ﬁ% »® rPl?@mb@ong[ﬁhﬁircEﬂl&?Wlﬂlrtﬁghielﬂﬁ a\é%rﬁiblé/ 10, where
raction e gas conponent density (pgas)

themdter bssembdy 40 Icani enmpmye apyinnérAst Xl ovr lrmtgathat(gmpmm

denS|ty (pgas) 1421 the overal | de I
frogA DO Paed bt BFRBASIII h B st el S mBrices a Coriolis

floSO R B gjl}cflti]l% %Hg%%lﬁx%gf &ﬁ@&%%?%sg triﬁg:toi'ni&ﬁes a V1brat];ng

respectiv ’be” under st oo
deh$iongase. f requency conponent 1412 and the fluid
frequency conponent 1416 may be needed if either the

gas He. 1hiés 4 flawghars kAL 2 metheddomgdetermirning ganasg raction of flow

' f
cofSBEA TR B mbhELRaTh AR aEl Bob BBAE AR EERE®
enfRliAént [ hinveBEME NEYstER N6 MIE affrdfuehefre3pbnsediebceiled. The
one filtering step is needed. The neter el ectronics 20

freqmen@udspomsa gbh Pe detesradi inghomistar eldcoanish 20atr exampie; sThe
such as an overall s flowrate 0 nent NASS
frodgNGY TeRRASE FEMPIISE 4 HEGUeIGY CCSPRREC et BT RE pF iR AGgmbLy 10
th%(\ﬁnﬁﬂ@esk{ﬁe IHAweRarE43 cation with the neter assenbly 10,
ere

In step 1602, the frequency response is broken out into a gas frequency

component 1412 and a fluid frequency component 1416. This is possible because the
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 breaking out can be performed by one or more filters, as previously
discussed. |

In step 1603, an overall density (py;x) is determined from the frequency response.
The overall density (pmix) reflects the density of the combined fluid and gas flow
components. As previously discussed, the overall density (pmix) comprises substantially
the square of one divided by the frequency response (i.e., the frequency response
inverted).

In step 1604, a gas component density (pg,s) is determined from the gas
frequency component (fy,). The gas component density (pg.s) reflects the density of just
the gas flow component.

In step 1605, as previously discussed, the void fraction (VF) of gas 1418 is

determined using the frequency response 1410, the gas frequency component 1412, and
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the neter assenbly 10 can conprise any manner of flow
nmeter that generates a frequency response. |In one
wepdved2rsent , the nmeter assenbly 10 conpri ses aPCDUB06/619595
flow nmeter. In another enbodi nent, the neter assenbly
10 conprises a vibratin den3|torreter FIG 16 is
thefﬂl@dcfrmu@n%@mlmneat Ma]t oBh¢ easuliisgeioid ﬁ%oraomsm 8 can be
cti on of. s in a flownmterial flow ng
exli’rﬁ?eggfﬁ i ?’o e\%ef(h ggﬁ}ﬁ%eaggean enbodi nent of the
I NV @Mkl 606,thé hRes Ilﬁ@tlon & det@eiparfromehp eokEfrh&ion (VF) 1418
recei ved. The frequency response can be received in
and heatieoBthe giae demsifiyi (05:)20,0verall donsify K@mix)THehpradinequgtion 46.

et S10aLL Erpnom gt Rdd Fr b B BORRGR el alteS AL of flow
cofb8RertbH7a fIbREnAeAaLEHGI fr tﬁﬁﬁ%ﬁsﬁﬂb\ﬁ R§tOKeRoRMAg kR @

gas frequency conponent I412 and a fluid frequency
embodipoere wif tHedih@entKin. sOne metissi dfl tredddog osbthta Hiid ped gwfryquency

respons 0 conprises a gas frequen
compoRgIts Heg 16 15 WE%C}% R oS e B Y g pierations.
o S PRS0 By e
sutsstentiallyrejeetsfthd gﬁ Bequeacy bempomaitmndlsabsisrﬁmﬂy passestthe fluid
1603, an overall densit is determned_fromthe

eqﬂ@t@fdecm}pm@afp ecm%&%n& Ppergting cpgpripes dfering the frequency

b SRRt AR RS e R gpponen

and §iﬂl§sltz§r)t1aﬂpgﬂaé@es ‘ﬂﬁH’@z[s' B&fuehtPsémpbhett! Wstdessleuhe arffilter
one divided by the frequency response (i.e.

, the
oufmistihefbjd fregpanes eomposericdhile the secenpl B@fmutaufgélge gas frequency
cO ?}gent density (pgas) is determ ned fromthe gas
¢ ng ncy conponent (fgas). The gas conponent density
( pg?ﬁlte qﬁb@c& ﬁei g%‘s%lohé/e Rireddivdd, b BradAsusty Qié/cussed
conpone I'n st as previously discussed, th
voi dn ﬁﬁepdﬂ()@,rthé ‘ﬁiénuerﬁcygaspom&& fikerddtveting fed filsr. n@The Iﬁest filter

fre ncy, response_ 1410, the gas frequency, onponen
subsiaially fajers qaa%ﬁ@q%aiéﬁevp%%@ﬂgﬁpb%ﬁ Lly-pggses the fluid

fregﬁé’ﬂgytéo o\ﬁ% td(pfaé Pf(ti N fggg %h oﬁ@%ﬁ%aﬁn&ﬁnthg%&qﬂ'i&%ﬁﬂmses a

sure

lovk6426s filt&re vmeﬁesn ﬁn@ctpa@@ ciitSofd giequenoyest the w-phss ﬁl@d:rds
fraction (VF) 1418 and a ratio of the gas density

subjspapiig)lytabony thedlluid deequprey ¢qmponent.ads sHewht, the léma@ss(fﬂter

subs?antlally passes the fluid frequency component and substantially rejects the gas
frequency component.

In step 1703, the frequency response is filtered with a second filter. The second
filter substantially rejects the fluid frequency component and substantially passes the gas
frequency component. In one embodiment, the second filter comprises a high-pass
filter, wherein a high-pass cut-off frequency of the high-pass filter is substantially below
the gas frequency component (but above the fluid frequency component). As aresult,
the high-pass filter substantially passes the gas frequency component and substantially
rejects the fluid frequency component.

In step 1704, the overall density (pmix) is determined, as previously discussed.

In step 1705, the gas density (pg.s) is determined, as previously discussed.
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FIG 17 is a flowhart 1700 of a nethod for
determning a mass fraction of flow conponents in a

wo baw/1zmeeri al flowi ng through a fl ow neter acROF/Us10096/019595
to an enbodi ment of the invention. One nethod of

breaking out the fluid and gas frequenCé conponent s )
f r odsted 706 garepieyionslyphsmiesaso ther vasd dragden of senbd t8vie determined

filtering operation filterin rati .
usiog b FeRERP e ot 1916 s exi fdrru EBRBhedlan 2 and the fluia
frdquesdy ddrhpdfent Date.substantial ly rejects the gas

frequency conponent and substantially passes the fluid

f r edoneiepyl 703nthemesss frattiend 4¢9 iroddtedmined.rag popdowadly discussed.
' filLtering the f e, W th
SooBiIG 17 i & eaHeIey S5t SHATIGE RGP map S eRL gt ffvr responses
thdt'caHBERISYd £PHRADSTH th@Afﬂsiixi(z ﬁ?éﬁé}{é | R PonBASARShE %@s f8&uency

frequency conponent. sult, the first filter
conpopentsactheliig i ah émeodisray oLthrovemtionwiiHedowhelisechihd graph

filter qutputs the gas frequenc onponent. In step
TERIPRPAIS & PrEgeer %@?qvwaﬁ%nﬁg g é?ﬂl%%reavwwg}gpnem lobe
| d r i . .
ol T en T b el W, (B8 HE BUEREK GRARARA e s lower i
freqjubsdyathih dd yasrfegensy tdrapaesit 1oteq UkrRcyppee inen&thpradech low-pass

substantially passes the fluid frequency conpanent
filtes sesppnsg, andg highrpagh Bltengsspenentlong matly 3 ewitoff fiegegncy. Here, the

' | QwWpass filter rein | om- .
cuf B e Latn M BB ol st HIRESS ify BBty centered
befidni tAd talldbes aPRY Ryv-Bessl dndi g h-HaSURIRGY c&® ARRNE BdmndR cut-off
aresult, the lowpass filter substantially passes the

frequency 1 eglane differaptorveef! aguenciest dependingyontbp dmidand gas

th f . tep 1703, .
fro R emeYP T eE Borlb e B T itahe I o SBeowll Fapyighe fuid
ﬁe}ﬁ?@n@e reht A& 1R YRS PAL iﬁltérXNiﬁlec{Lﬁg&tsthé g% frlaﬂ%e‘illé}é gomponent.

equency conponent anhd substantia pasSes t
Thiereforee theytwodfiibars ean brelak onbh theefidapahoe rdspohdee] 44 @dntadthe gas

St T LSRRG o 1<
b ' t
boq it thottodB Bkl AR T GRS RN Nort Wil
cottipgiRePAReridd biiter singlbskin fklyerRgedafponbet Gdsusing the frequency

frequency conponent and substantially rejects the
compghentnagddriciic dbiep eperation imoiee o determing e Byigrand gas

AR ST R AT R
filRRFiRY iopfahibn $hs b %_@ﬁﬁ%&ﬂed $6 ERed SO0 redRivRIENARWS Bequency band
di sCussed, the void fraction of gas 1418 is determ néd

cenfsiangon htypicad qirdhmyenespepemel Athseqhentiyathef everplbdensity derived
from ’rcI:Peofr]gcﬂlten%}é %ezspor?snedantdr%ﬁe Elluyd gensity component derived from the

remaining fluid frequency component can be used to determine an air density term. For
example, where the gas is known to be atmospheric air, a filter (such as a notch filter,
for example) can be used to substantially reject an air frequency component of the
frequency response. As a result, the overall density (pmix) 1420 can be calculated from
the frequency response 1410 and a fluid component density (pguiq) 1422 can be
calculated from the fluid frequency component 1416. Therefore, the air component

density (Pgas) 1421 comprises:
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frequency conponent 1416. In step 1707, the nass

fraction 1419 is determ ned, as previously discussed.
wWo-@@6/12B27s a frequency graph show ng | ow passPErUS2006/019595

hi gh-pass filter responses that can be used to break

out the fluid frequency conponent and the gas

frequerey aehpBRgHioaccording to an embodi nent of the (47)

invention. The |l ower line of the graph represents a

f | oWhisstquetién egubsgvnitépamse i ncluding a fluid

frequency conponent | obe and a gas frequency conponent

| ob@ i FhnkPun @ AssBauency conponent |obe is | ower in (48)

frequency than the gas frequency conponent | obe. The

upper lines conprise a lowpass filter response and a

hi g . fi nORSE it .

fr e% 3%2‘2“31%% ?%,h"??é cut - o?t?&ﬁ}%a Bﬁg n%affgéﬁhg%{}ac%nﬁ%onem can be
rerhovedblsaredndt, hdithgasid ffdctibrican bs dstelratredtusalg the gas frequency

centered hetween the two | obes. The, | ow pass, and .
compgReiady tafpteethis wRgleHERANCRCIEIIRYR! E3R boperiotod whery the fluid

| - | N .

poffesfiRa B Hals b A R RN ERY fRsiof T RRAHIOR thesingle

freg@@itytiBmovhh@ethodcaasembid tigtier\thd Hudui@iienty eoﬁ’lFUIilédl‘[ or the gas
frequency conmponent and the high-pass filter wll

frequemmytcommengals f r equency conponent. Therefore, the two

t he 1528 FRBgRerial: Suhel it R SEHER B B gioved BY Ghe or
mdrk GHERNGYI1E RIERARE Kok tAby cARBORNEH iBAs58IL P thedfiled@kigeberation.

out the fluid and gas friequency conponent’s conprises
Theidnt er innge diltersainsineginghodimemincomz tpeenaotcle fittpio né motcdniglter passes

sing the frequency conpgnent passed by the filte
all%ﬁ?@ﬂ%@ql%ewp%?a@%p@s JEuR ATHE O G aaw_achglgstﬁe frequency
n )
e PR, Pond i mSARL S oS5 o) bty g o

colbiretiohiofiless.t o filter out a relatively narrow
fre uenlcéa/ band centered on a typical air frequency

r es pds &9 issuBeweuahi P90 of mmedyad for delganiing 2 deass fisgtion of flow

fraomthe freguency. respons t f1 ui '
cogpsiai * HE Gatel RPAREHERT 4 M5y it PRibb oy
enfbRORAGR OF 1AM vERi3S €6 diép D0 S HHE REQRACRréspdRES14N0 is received, as
term For exanple, where the gas is known to be :

pratiowdyptisciussedi r, a filter (such as a notch filter, for
exangpl e e used to substantially.reject ir
rr oo aieby B DE HeRtns TeReoti cupioney e adhionaeth A2k The noteh
filfef Péﬁsfts FhQeRURBble ?&PEMBMI 4 ROCK) sut 29 aB&k 81 below the gas
caf cul ate romthe frequency response 1410 and a
frefjhenay respeeénthidemnbodiynenpf Thirdford AR2 notoh filéer substantially rejects

calculated fromthe fluid frequency conponent 1416,
thergpesrfgl{q%lpggy eorBPQRent é@,}pg'o;gg@, pot%ﬂ filtey substintia ly passes the fluid

frequency component 1416.

FIG. 20 is a graph of a notch filter frequency response. In the example shown,
the notch is centered on a gas frequency. The notch filter passes substantially all of the
frequencies above and below the notch and only the gas frequency is substantially
rejected by the notch filter.

Referring again to FIG. 19, in step 1903 the overall density (pmix) is determined,
as previously discussed.

In step 1904, the gas density (pg.s) is determined, as previously discussed.
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density (pgas) 1421 conprises:Pm= PfI"A - VF ) p gas

(47) This equation can be rewitten as: Pnx =
wopwadFjshud PgasFgas (4 8 ) Alternatively, it BtDUSZO&E9595

understood that the fluid frequency conmponent can be

renoved/filtered out, and the void fraction can be )
det & siend Q05 shenepid Hacter of gar b8y detompineshnes preyiously discussed.

before, thi ingl e-frequ . renmoval can be.perfor med
wherbSieRd PPt BgsE Ba L TAR LS A el As0RSea

f r equenter QERRIIS MUAnERBA akYordiHRahe ifeBtioh 08n Bt MpRmented
frequency renoval nethod can renove either the fluid

acdaréiggeo eyy of tpometmdimentstie ogdes td obireseypral adpantagss, ifldgsired.
one enbodi ment, a single.frequency c onent .can be .

The SRYAPEN ST ORI FORE HPL TS0 VIO PG gt e Invention can

GBI GIRRAES i POESF A LALLM opppe s

fractiop ol gas @& ammbsshirddtionerf.fluvdd nthe nventibe capdsteaningl d mass fraction

freguenci es, except frequencies w thin narr ow band

of gir. &h,e invesgioasan eteHpine Baieh eg,m,déxgg%q{g}gvy components, such as a

iyal . I Ll '

ol S B gl T BB S Sot Bttt RS P A pLVice @ mass

frabli6n dé@rihfatioh lo@Bedats tacdi2@by aid feliabilitpdTheinvention can provide a
determning a mass fraction of flow conponents in a

mafsh fractien deterrhinptioniasterttharoibgiprior frtendrehits consepyies legs
to an enbodi nent of the invention. In step 1901, the

p“FF@ﬂﬂ%ﬁgV'response 1410 is received, as previously
di scussed. In step 1902, the frequency response is
processed with a notch filter. The notch filter passes
frequenci es above and bel ow a notch, such as above and
bel ow t he gas frequency response in this enbodi nent.
Therefore, the notch filter substantially rejects the
gas frequency conponent 1412. The notch filter
substantially passes the fluid frequency conponent
1416. FIG 20 is a graph of a notch filter frequency
response. In the exanple shown, the notch is centered
on a gas frequency. The notch filter passes
substantially all of the frequencies above and bel ow
the notch and only the gas frequency is substantially
rejected by the notch filter. Referring again to FIG
19, in step 1903 the overall density (pm X) is
det er m ned,
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as previously discussed. In step 1904, the gas density
(pgas) is determ ned, as previously discussed.In step
wa2®b/1215e7 voi d fraction of gas 1418 is det er m PEHUSHG6/019595
previously discussed. In step 1906, the mass fraction
1419 is determ ned, as previously discussed. The neter
Wetlemy oni cs and met hod according the invention can be

Lopl enented a r.di to any of the enbqodinments in .
1 R eGS0 08 M R 5ot g L Borfpaffats in a flow
maitdi¥ Tlowifg BRBusleh FIow Meted (SRR hERE bleBRonids R0 WInRIRRR:
flow The invention can detérnmne a mass fraction’in a
mul ehighefsee 20dWforFheeiving arft¢quencarespetserafithe flawnmasterial; and
fraction af gas orpﬁ;&mass fraction of flujd.

The
i nvARFOeSHSIRG §Y dendPHP Ha comppuaication yith ihemterface (3L and
. . . cCUTon :
coldflfB8 IORERR HPHEGINAE rEBBRES Bin e HMHBUA0L) Walc out the
freqassy response antp laeleadtreegdsfirepuiehoncaapopnound e famidfeguency

fraction determ natign of, greater accuracy and )
comppneqs; dstesming ga oy grallflensity Eam @P&ﬁ%@nqy TeERANSE deterngiae a gas
. . o . ; h
eI DL ABEL AR 1Ly A b B rom e

freqh@ryyrrospionse 620 pndé of mded 6f thik Bhs Gegueycohipdbhioshdahe fluid
fl ow conponents in a flow material flow ng through a
frefrenwyrrenaonest and Heteprinerthe mags freliersfromohe yoithfrrgtiongef gas

14 nf.erface 1) for recegi.vi fre cy.response
ol f B efBr kar Sengid Bl Budnd pEHT BREE 509
communi cation with the interface (201) and confi gured
to receive the frequency response fromthe interface

2. e npstebelectkomicos (200 ef tlaey Uemith the gpodemsity wompatsidgasinverse of

a frequenc onmponent and fluid freguency,
e ERIRRCY Pl ATKEVIR s erea ] dERSIY SO Ehiaverse of the
fre ﬁ&f&?% G¥refi€Sponse, determi ne a gas density fromthe
a requency conponent, determ ne the void fraction

of gas fromthe frequency response and one or nore of

the gas frequency conponent and the fluid frequency .
3. dbapestentlectippic@le PhFlalm tlh withedhe PFacgeting By o 2@ hibeing further

' act| f i plj i f th
coiffhfied [Pt ng oy R AN P bt R R Py e iyl Ry
respbR! drdtet&nlin®dt 18hist ©hdiofh Firstldw cbMPof@R riRShl ¥ second flow
conprising an inverse of the gas frequency squared and

componert eass vsinglthe mapsfragtionomsthe imegs dlow raleer se of t he
frequency squared. 3. The neter electronics (20) of
claiml1l, wth the processing system (203) being

4. e th&Er A0&f ML ©@) bPcHfh 8! Withehe (fEBSendy YRt Bobrising a first
t he flolq/v nateria(?@?roﬁwthe frequer?gs nyl % ° Ensmga e
sensor signal and a second sensor signal and with the processing system (203) being
further configured to determine a substantially instantaneous frequency and determine a
substantially instantaneous phase difference, wherein the mass flow rate is determined

using the frequency and the phase difference.

5. The meter electronics (20) of claim 3, with the frequency response comprising a first
sensor signal and a second sensor signal and with the processing system (203) being
further configured to determine a substantially instantaneous frequency, determine a

substantially instantaneous phase difference, divide the phase difference by the
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response and determine at | east one of a first flow
conponent nass and a second flow conponent nass using
wao b@onrerse7 fracti on and the mass flow rate. 4. ACEUSBDE019595
el ectronics (20) of claim3, wth the frequency
response conprising a first sensor signal and a second
freqeensyrin ordanap ohtdn aitime ddley, pnd cegtiphths yisnedslapbg p constant in
ei ng, further confi ed to determ ne a substantially
Or‘%ﬁ& gh?%@?&ﬂ“??@&ﬁ%ﬁ%y and determine a substantially
I nst ant aneous phase difference, wherein the mass fl ow

rate is deternined using the frequency and the phase
6. dibefraetenclectr@icsT?d) wéclerm ), sdthrtbaifteguerney) respponst gpmpsising a first

] SRR T R B O i
furg{é?%%ﬁﬁ%ﬁgd%f %Eﬁé}h&?aoﬁ)sf S¢HageE Eﬁ&s’%@hﬁ‘@ Bk Her@Rdt §e@isor signal,

etermne a stbstantially instantaneous frequency,
cometierthi fieqaesyhsimnthiedlrktyd( depresplaase shift pivhihe first sensor signal,

di fference, diyide the phase difference,.hy )
deferBinectRbERptiRlly Bistrarancguephase ﬁhéfer@pﬁf‘e diaflg the phipge difference by

i . i | b ] A r
AR L0 LTl 2ot S A AR o comstan
in 621} t®bbtalmathendass Bokshratdie frequency response
conprising a first sensor signal and a second sensor
signal and with the processing system (203) being

7 Dy ERAL ) PR BRRSE S ety R
sefdof HBALIAUS §2Bnd Behsh: EishalXhddeBR @R PoasRireldykten®(M03) being
the first sensor signal, determ ne a substantially

fuithestcanfignedds gphersingl a tifrsr9ndegreadphasel shifthizomtthe éirst sensor signal,
di ff.erence by .the frequen i n er to obtai I e

comepiipe Tepat ALY HE kirie e dsge B sBifh e [ Sonsor

. . S

sigdfk 3ha 1. S8 SoBFSEREP (AL & syt Tiiitancous phase

diffespes) dévidipgnhe phavg difféiensd by érsequengy al oaled taolsteimomiime
sensor signal and with_ the processing syst eg1 (Zg_g)

delsy; s Mt eing dbntimguiclay Boa gemdantdn REde te ppigin iy mass flow rate.
degree phase shift fromthe first sensor signal,
conmputing the phase difference using the first 90

8. de BeteP BRE®o®mBS {20) ofleRiihi 3, SittsR FRIqush@nkspordd Golitpeising a first
second sensor signal, determni ng a substantially

sefisos signabarsbusecphd senser siganleansevithitha progepsingesygsteas 6203) being

rofhb SRR e RSl IO dohactidrls BB B R Bebs e sl
ceREEABhe b ReQMdNaddE: PRAE shifoMomahe sedbnd KBRsIFRIal, computing the
el ectfronics (20) of claim3, wth the frequency

phagesdififesmce osipgithé figst 20fdeget phesmsshifisibgracorah? degree phabe shift,
ST GEnd B, S S L by
infGALEHURPRSER dftfdncl  RRDEME phile GifFce BydR@ requency in order

to obtain a time delay, and multiplying the time delay by a constant in order to obtain

the mass flow rate.

9. The meter electronics (20) of claim 3, with the frequency response comprising a first
sensor signal and a second sensor signal and with the processing system (203) being

further configured to generate a 90 degree phase shift from the first sensor signal,
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generating a second 90 degree phase shift fromthe

second sensor signal, conputing the phase difference
waigiong2tske first 90 degree phase shift, the sePORUSB06/019595

degree phase shift, the first sensor signal, and the

second sensor signal, determning a substantiall )
compyieiradieHgx TePaBEe whing Bredticdesren phage sbift 2l tha é‘é&t sensor signal,

coffpbst FIRE i, (AEHTREN phTP G bR T8 ol T
sigahlland tiee bbad BerdsBesipRAS chdrhpiive aatirfe d&agmmgl’tﬁé €fequency response
el ectronics (20) of claim3, with the frequenc

ang gyyidrse difarprdes rergpatefthe srass 8awortesiremahe tms %ﬂ@e cletgamine a
ignal and with.. i t 203

sy Shlpaen S et e FeRgaRErE B Bts SleBe prase

freg§hérdy ih'oP@Rritb @bidif 8 inkCAS8Y, s IRd@kipBOIHR Yinke éelE:f] gf@if daYtant in

response using the 90 degree phase shift and t i rst

.ordes e obtagi heahassdmwpite a phase di fference using at

| east the 90 degree phase shift, the first sensor
signal, and the second sensor signal, conpute a tine

1 O.g ?51[{ ?ﬂeétﬁb%li 138 dbREn I GOY ﬁ{eh%é' %%@F%ﬁo@%n?ﬂbﬁe% a3 ﬁtﬂlon\% material

rence, conpute t mass ow rate fromthe
flodéh@throdet & flownmeter,shb sietindd edrhpridingt ant aneous phase
di fference, divide the phase difference by the
f r efRFEREYS priTegbERGY HespQise af thedlew matgidalay | and

mul Hé%!k%’r}%&ﬁ tﬁé H%ﬂlge\?vllc?é%sg)\én%ﬁl?&&hlggﬁ ggébfs %eql%%néyocomponent and

obtain mass

a filgd eefiidicyEompomest;f racti on of flow conponents in a
flow material flowi ng through a flow neter, the nethod

conpeiesmiyng pe oserallsignsityt fremniba diequesgyoisseonst; t he fl ow
mat erj al ; .breaki out. t he freguency response _ into at

| oaStelnipie F2ay HEnly omisneR YIS FRBPEN Tequency
CONBERERIning BieSFdTl RaBorRBf SXEfk Gthlthd &R§hdnty rePBns&8nd one or
frequency response; deternining a gas denSity fromthe

mogasf fheegps dregyengnpomeontent aiet therfluid figqtémcyvaintbdneat tahdn
as fromthe freguency reﬁ%ggqsla and on

f e |

ﬁ?@hegatg%g " é%S' e dipeReiAn Eehon of gromabilipd by a ratio
% ity q{ﬁﬁ ol g}'a fraction f th
Ofvoi g’f Bliy &% eg asmr?g%ﬂta?p pg s traction Tromthne

racti on o ‘by a ratio of the gas
density divided by the overall density. 11. The net hod
of claim 10, with the gas density conprising an

11§ Ahemagthed of tleingds, Witk s dengita Fempap@eaAveHof the gas
ﬂegléeﬁlg:?leshugr%ﬁsahhklﬁ{) 1R ro'vgll'arﬂgde%git}lf ggﬁ&)ﬁgin%fant ilﬂgerfsé 89&1%%é/quency

squared.

12. The method of claim 10, further comprising:

determining a mass flow rate of the flow material from the frequency response;
and

determining at least one of a first flow component mass and a second flow

component mass using the mass fraction and the mass flow rate.
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12. The nmethod of claim 10, further conprising:
determning a mass flow rate of the flow material from
w0 b@ofizseuency response; and determ ni ng at | eBST/USINE6/019595

of a first flow conponent mass and a second fl ow
conponent mass using.the mass fraction and the nass

13¢ | B athed p8 claimel 2nstitholie deteamining the mags fow fate comprising:
det alB t 8SS e Cco .SLhg;  determ ning
s s rtAg o MR SMab e RORICAL R
det eletriitigig a sabbah@dlly @slajitdnBsisAiasd diffkseRdttd S$therein the mass
di fference, wherein the mass flow rate is determ ned

flays rate is drserminedivsing thinHequeacp had heplispe dififencel 4. The
met hod of claim12, with the frequency response
conprising a first sensor signal and a second sensor

1435 I THahef@Bd oficldim! 178 vae! B Medh&itby!rBSHdHRE SompPMinka Brst sensor
conprising: determning a substantially inStanfaneous

signaé guk asgcondetrsarisigmad and withshadeterhinng tistraatsdivon vee
&Ipase di fference; dividing the phase difference by the
COMEHncy in order to obtain a tinme delay; and

nmul t js ' &ﬁ%ﬂ .in order to

obt aiileﬁé%lggﬁéggb%ﬂﬁge\?\?l aitng%n%é? iﬁe tg%’d of claim 12,

wi t ldetdmmiding qusabstyntidbpimsmatanesy pieisadifferbhdest sensor

signal, and _a second sensor signal and with the )

det ébvidmeihe phasedidierance ky the Bequanckdp ordsiie PBiaiya time delay;
an?enerati ng a first 90 degree phase shift fromthe

irst sensor signal; conputing the frequency using the

fir Shulﬂ@%@@gﬂ%&ilﬁb dsky 9y f donstagt therdbt foSébtaRNE®nass flow rate.

signal; determ ning a substantially instantaneous

phase di fference; dividing the phase difference by the

L5 B RDE A e R e 0RS Hely Bt Binniinga fispsensor
sighl ﬁxild‘a QR naBe s drlsPMal BhEwithGhe I&_@nﬁﬁﬁﬁ?@#e%aa%lfﬁvﬁ}a}g further

with the frequency Tesponse conprising a first sensor
cogipgisaig: and a second sensor signal and with the

determ ni.ng the s flowrate further, conprisin
generatmé;l a first &)ﬁ Segree phase sﬁl%t Erom tpxe first s?:gsor sllgn%l;

computing the frequency using the first 90 degree phase shift and the first sensor

signal;

determining a substantially instantaneous phase difference;

dividing the phase difference by the frequency in order to obtain a time delay;
and

multiplying the time delay by a constant in order to obtain the mass flow rate.

16. The method of claim 12, with the frequency response comprising a first sensor
signal and a second sensor signal and with the determining the mass flow rate further
comprising:
generating a first 90 degree phase shift from the first sensor signal;
computing the phase difference using the first 90 degree phase shift, the first
sensor signal, and the second sensor signal;

determining a substantially instantaneous phase difference;

40



10

15

20

25

30

generating a first 90 degree phase shift fromthe

first sensor signal; conputing the phase difference
waigiong2tske first 90 degree phase shift, the fiP&L/US2006/019595

sensor signal, and the second sensor signal;

deter m.ni n subst.antial | y i nstantapeous phase )
di f gévrlé%é;g?jgbﬁsai CIEHES eAYehEY érh%félebfp hfain a time delay;

andrequency in order to obtain a tine delay, and
multiplying the tine delay by a constant in order to
obt aiuitiplysnghs sinfd delay by @.cohstantliferdattbebtah tied @ass fléw rate.
with the frequency response conprising a first sensor
signal and a second sensor signal and with the

d 12 . [ furt [1.SI NG
17 SR, TGy LN L e Rls EOMBRIRL Gt sensor
sighblr 8id SeRe0d s&isgnsibhalggidesih tHddaersaaRAhO hade BoRErate further
phase shift fromthe second sensor signal; conputing

COmIRESiEase di fference using the first 90 degree phase
cengbertiil SRR 2R THRRE AN e bt signdl

det eedratifida ecoHADDAREFR fhasé BRHARGATRS  onal-
di f?eréncl:lgg?adi vi di nzgﬁé%we 1$ph<'§lse differ enge;cogggt&%gr signal;

f r eqoumnuimg theqrbdsy differeizeaisimgahe ifiret Wedewyee phrde shift, the second
[ tiplying.th i me delay by a.constant in order to
90 Jeiee Wisc st ensir slenglh andiias ssoRE T Elgal 12,
Wi t ReitRRidinE S i.LSt sensor
ol g R P Rrrebe
det dividingnige plirae diffaefidcby thetfeeduenthir orderier 61%hiAG: time delay;
(generati ng a 90 degree phase shift fromthe first
allGensor signal; conputing a frequency response using

conpuhima e F BAEFIATY b oBSalolR st sRER fiea g o race

degree phase shift, the first sensor signal, and the
second sensor signal; conputing a tine delay using the

18.f They tnetlegd pleelpion £ witl thenfzepleasy rasipbhser eomo]sing afimstisagsor

. the mass flow rate fromthe ti del.ay; determ.nin
sie{ ol Reand Yot SROLD Prablminbe eSS Bpvigimyrher
corﬁ%ﬁsiﬁ@.ase di fference by the frequency in order to

obt

ain a tinme del ay;
generating a 90 degree phase shift from the first sensor signal;

computing a frequency response using the 90 degree phase shift and the first
sensor signal;

computing a phase difference using at least the 90 degree phase shift, the first
sensor signal, and the second sensor signal;

computing a time delay using the frequency response and the phase difference;

computing the mass flow rate from the time delay;

determining a substantialiy instantaneous phase difference;

dividing the phase difference by the frequency in order to obtain a time delay;
and

multiplying the time delay by a constant in order to obtain the mass flow rate.
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and multiplying the time delay by a constant in order
to obtain the mass flow rate.19. A nethod for
waledenmisei ng a mass fraction of fl ow conmponent BCT/HSA06/019595
flow material flowing through a flow neter, the nethod
conpri Si nfg: receiving a frquenc% response of the flow
19n¢t methyld fop deicamining 2 mess frasderatiloveopmesentziip g flow material

notch filter, that stantially repects one of a gas
1og s Eionere B P ifbbency component

det @edBivihpa PetueMef Alshortke it/ flbwanatthig; f r equency

response; determning a gas density fromthe

f r eqpoenessing tmpiaguency despense withg nokeh Hlgerdhaty %lg??ﬁzbﬁalbf rejects
as fromthe frequency, r nse. and one or nore of the
ong 9F a e s RV SOHBEHER: UK MG PTGy
c Om@fé%‘iﬁiné'aﬂ o?@faﬂrdgnﬁ‘i:tﬁ _ﬂrolhﬂ%e 'Fe%l%eﬁéyai‘ékp&{!;ef romthe

void fraction of gas nultiplied by a ratio of the gas
densleteymdihiug dexhs bgndityefromdhaghs fitemeinty co@@ondiite net hod

of claim19, with the gas_density canprising an

i nv&FcEmEing e yoid fﬁ%la% ehess §a@éhs cgHen EPPQse and one or

[ I y
mSE B 30k e OO S nd e ANl At
conpleicsmirihg tied @iass fradtpnarorasie Tbidvirdctiba offzat heilfiplad by a ratio
material fromthe frequency response; and determ ning
of the gaslensign divadedaby thesﬁVequéWné@ﬁponent mass and a
second fl ow conponent mass using the mass fraction and
the mass flow rate. 22. The nethod of claim21, with

20t MhedBEBHAOR CREML Ve wWithSBe Fh@&‘éﬂsﬁ&%oﬁ@@ﬁfﬂg&lﬂﬁﬁherse of the gas
determining a substantially instantaneous frequency;
freqnenayetquarddrandgvish shebasenall delsity comprisingancionsrsplodse frequency
dif&erence, wherein the mass flow rate is determ ned
SAEPHg the frequency and the phase difference. 23. The
nmet hod of claim 21, with the frequency response
conprising a first sensor signal and a second sensor
21siTywahethod ofictabmtli9e fidttee camprisiggt he nass flow rate
conprising: determpning a_substantially instantaneous
f r e§GleHRIINg @tr%%%rﬂﬂ%a%%m%%séf%maam Top f%#%ﬂ?@@&sé response;
anghase di fference; di viding the phase difference by the
requency in order to obtain a tine del ay;

determining at least one of a first flow component mass and a second flow

component mass using the mass fraction and the mass flow rate.

22. The method of claim 21, with the determining the mass flow rate comprising:
determining a substantially instantaneous frequency; and
determining a substantially instantaneous phase difference, wherein the mass

flow rate is determined using the frequency and the phase difference.

23. The method of claim 21, with the frequency response comprising a first sensor
signal and a second sensor signal and with the determining the mass flow rate
comprising: ‘

determining a substantially instantaneous frequency;

determining a substantially instantaneous phase difference;
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and multiplying the time delay by a constant in order

to obtain the mass flow rate. 24. The nethod of claim
WQ@106M215k7 t he frequency response conprising a PCT/ES$2006/019595

sensor ~ signal and a second sensor signal and with

t he determ ni t mass. fl.ow rate further conprisi ng:

gen H@iﬂﬁ&hgpﬂgﬁescﬂff%na%ay dhe pareacy i prder foabtapea time delay;
first sensor signal; conputing the frequency using the
first 90 degree phase shift and the first sensor

si gmabltiplyingetheitimedelay dylasioastahiin grdemist dndiankontiss flow rate.
phase difference; dividing the phase difference by the
frequency in order to obtain a tine delay; and

N N T
sigtal ind 4 sechné gerese ¥igheanhwih cian@stehifthodthk inifsk TRANEAE further

signal and a second sensor signal and wth the
CORPLIERET ni ng the mass flow rate further conpri sing:

gener.at | I.rst 90 degree .phase shift fromthe.

7 r SRl P AR ORE P8 Bt oY sledie

usi Rempleng tHeSfrecﬁQtn@ﬁ 65188 tARe 96 lebiee JhBS HiftShd the first sensor
_sensor signal, and the second sensor signal;
sigmel;er mi ni ng a substantially instantaneous phase

di fference; dividing.the phase differ e by the
f r e JRIHBING 2 SHRRAT Yy JBR AR ARSP SRR iegenching

mul 4 [ td; | : .

obt o e el iIEreey BY yrepRRRT kPRl 1y G5CIRY o hip deoy;
an@ t h the frequency response conprising a first sensor

signal_and a second sensor signal and with the

det @?tmlﬁvﬁgg thg dimegdelay by constant prardertoabigin tlg mgss flow rate.

generating a first 90 degree phase shift fromthe

first sensor signal; generating a second 90 degree
25pTasensahod bf (et mitﬁeﬁ@ﬁeqﬁeela? PEspdh NS ARERY b st sensor
.the phase difference using the tfirst 90 degree phase
sigghl 4nd a 4¢end sensat sigoaldangl wish Presdaterstining, the meass iflost rate further
COsenlsor,signal, and the second sensor signal;

%@fgpﬁining a substantially instantaneous phase

di f EeRRGERS a first 90 degree phase shift from the first sensor signal;
computing the phase difference using the first 90 degree phase shift, the first

sensor signal, and the second sensor signal;

determining a substantially instantaneous phase difference;

dividing the phase difference by the frequency in order to obtain a time delay;
and

multiplying the time delay by a constant in order to obtain the mass flow rate.

26. The method of claim 21, with the frequency response comprising a ﬁrsf sensor
signal and a second sensor signal and with the determining the mass flow rate further
comprising:

generating a first 90 degree phase shift from the first sensor signal;

generating a second 90 degree phase shift from the second sensor signal;
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di vidi ng the phase difference by the frequency in

order to obtain a tine delay; and nultiplying the tine
wa@ledoag21397 a constant in order to obtain the nmaBST/UE06/019595

rate. 27. The nethod of claim2l, with the frequency

response conprising a first sensor signal and a second

sensampwtingdle phase diffehench aisivgttbe firstid0glegkre phase shiltpthe second

e T e R R R

fr eguenemhifes BOReRtidRY Mktiftin s fRMARARSE, shift and
the first sensor signal; conputing a phase difference

usi diyidihg lleashast deff@encichy the fidugisecsin drder tonabtdinragime delay;
Cgensor signal, and the second sensor signal; conputing

anG time delay using the frequency response and the
phag eyl i b RBndh& iRP&erth QiR bR @ Mow rate.
theﬁﬁh?}%&glgtggg/?ﬁcfe%ég%%?ngn% su1 st ar¥ti al | 3} owt

i nst ant aneous phase difference; dividing the phase

difference by the frequency in order to obtain a fine

27 gdhaynetheohelptn gily With thBequeney aeIPe)Seh I PBPHYURS fAHst SeAsOr

. order, t ' r 28

siefit B fhofnt Sl S8 PERR LRl i Smitie B BRD Sl surther

cotbpAvimpat erial flowi ng through a flow neter, the nethod
conprising: receiving a frequency response of the flow
mat generhting & PP dlegreg phase w&%u@m&ys fixst poneesignalh a

first fil.ter that substantially rgjects t
{1 e GUBREYOE B SaHERS Taneonot bor vt 2 AebSs U In apg fhe s
serfsBPgﬁ#ﬁQICy conponent, wherein the first filter outputs
the fluid frequency conponent; filtering the frequency
r es pompeting tiphasesdifforahct ubingrat tdast the Msdegraei pilasg shift, the first
rejects the fluid frequency conponent and
Sef@@b%@ﬁ%%& S EEHSIGHR: f r equency conponent,

wher.gj s £1.1: A&V diff .
conSShBHIERIEPI! LSRRy HEpoRald SOURIE itrence
f r eqo@paiing esepansdlcerse fiom tig thngdslagensity fromthe

gas frequency conponent; determi ning the void fraction

of GaETIHYAS ﬁﬁébﬁtﬂfélfdﬂé{ri@%ﬁamé@%ﬁé?@a%@ﬂf@ﬁ@cﬁ nore of
E2ﬁggvﬁéiﬁig_rtﬁ%ﬁggs%ydiﬁgﬁﬁgggy {heaﬁgqlfeﬂgy EA Hll(gl‘ {d' SHHE N me delay;
and

multiplying the time delay by a constant in order to obtain the mass flow rate.

28. A method for determining a mass fraction of flow components in a flow material
flowing through a flow meter, the method comprising:

receiving a frequency response of the flow material;

filtering the frequency response with a first filter that substantially rejects the gas
frequency component and substantially passes the fluid frequency component, wherein
the first filter outputs the fluid frequency component;

filtering the frequency response with a second filter that substantially rejects the
fluid frequency component and substantially passes the gas frequency component,
wherein the second filter outputs the gas frequency component;

determining an overall density from the frequency response;
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determining the mass fraction fromthe void fraction

of gas nmultiplied by a ratio of the gas density
waelewsdzms2by t he overall density. 29. The met hoRICD1S2006/019595

claim28, wth the gas density conprising an inverse

of the gas frequency squared and with the overall

denseteymigng piges Agnaly from dhe gasolreqUeaCY FRIGRERY:

squaf. . The . '

comaPreniRe it S RnRAg 8 o Bl 0 sebificiesmonat pag ome o
mdrBE thedasifailehtiecodmpsnianeyd firsad Sequane; stehgsEnt)iang

at | east one of a first flow conponent. mass and_a ]

secdatermining denmasralitctipadton shayoid Heachins of gpasriltiniiegddy a ratio

he mass flow.rate. .31. The nethod of claim30, wth

of PR eRar Ml etk eve i e conpr i si ng:

determ ning a substantially instantaneous frequency;

and determ ning a substantially instantaneous phase
29diTihkenethoe of vhen gi8nwithehergasddnissyvcompeising abeingense néthe gas

usi ng the frequency and t hase difference. 32.. . Th
fre B P A 3 TRl By QGBS S BLpoRse of the Hequency
Sq&ﬁg@ri sing a first sensor signal and a second sensor
signal and with the determ ning the mass flow rate
conprising: determning a substantially instantaneous

frequency; determ ning a substantially instantaneous
30pHdeanethpd of elsta 284 RePHEMEhase di fference by the

fre y I ' | L ;

ot CLER AR 2R 1R By MR o WP b it epenpy response;
an@btain the mass flow rate. 33. The nethod of clai m 30,

with the frequency response conprising a first sensor

si gdlatermiting atleegrmnesdnsiyst 8oy ramponaniiness ander second flow

determnin mass f.low rate.furth rising:

h
colfBr ity et the s aghion S e dhasdtiont BP v t e

first sensor signal; conmputing the frequency using the
first 90 degree phase shift and the first sensor
31silipeahsthdé bE claimi3fg wathshb detarminahg theimassdiivanse uemprising:

phase di fference; diyjding the se difference by the
P edaisry i SonumahoBr Snmeo i garsynd
determining a substantially instantaneous phase difference, wherein the mass

flow rate is determined using the frequency and the phase difference.

32. The method of claim 30, with the frequency response comprising a first sensor
signal and a second sensor signal and with the determining the mass flow rate
comprising:

determining a substantially instantaneous frequency;

determining a substantially instantaneous phase difference;

dividing the phase difference by the frequency in order to obtain a time delay;
and

multiplying the time delay by a constant in order to obtain the mass flow rate.
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and multiplying the time delay by a constant in order

to obtain the mass flow rate. 34. The nethod of claim
wa@o6Metsk7 t he frequency response conpri sing a PCT/ES2006/019595

sensor signal and a second sensor signal and with the

determ ning the mass flow rate further conprising:
33.g€he nethorhofalaine 30, With thegiremiepbyn sespSRRS OIPIENE A %rst sensor

. fi.rst, sensor signal; .comput.i he ph di fference
sigBll g A HE0RS FLEODERGPUa R Ea e L BTG s DEW ifte further
Cmggﬁéﬁ . signal, and the second sensor signal
termning a substantially instantaneous phase
di f fereeming a fist Ofidegracphaphsta & fohrh tlee Byt serispr sigoal;
frequency in order to qQbtain_a i del ay; an
il EBPY R et R G e ok AR ARte P ang thegfrst sensor
si ﬁgtain the mass flow rate. 35. The nethod of cl ai m 30,
th the frequency response conprising a first sensor
si gdeterrahih@a sesentdiatienssantangnalphaseddifietdncthe
determ ning the mass flow rate further conprising: .
genéivadingghephase siffergnersey the fHBeRCS HY 9rder to.phtaiRe time delay;
irst sensor signal; generating a second 90 degree
hase shift fromthe second sensor signal; conputing
the rrﬁﬂﬁl?l irfll the @heNEGay by AGoh&ient ihfosderd0 obedh dee asssRow rate.
shift, second 90 degree phase shift, the first
sensor signal, and the second sensor signal;

343 ﬁ&xﬁ&%ﬂé@ gﬁ?l@}srﬁ Bﬁ;\%ﬂhgﬁéh}f@ | er})%%y ??nst@r%ggegcggrggrq alﬁg a first sensor
SeERNEPOY oo AN, LS 2 BBl 00 o s

comptising: t he mass flow rate. 36. The method of clai m 30,
wth the f re%uency respgnse risjng a first. sensor

si gesnerating a lis¥ SYrlpetesidyse §1§' pmAhe gt NSO Signa
d t . -‘ . . :
g 2 n g%’%?%gg g{e&gj agg grﬁg‘%&gﬁgalgs{feﬁéw P#‘{rgﬁﬁﬁg%ﬁe g tH tft, the first

serEOP§hals kA ele secOMDsdnsbYsigndly equency response using
the 90 degree phase shift and the first sensor signal;

comdeterminiag piaksantialydngasianesisiiias diffeagice; he 90
deg rd%%dﬁl%%ﬁg pﬁerl]slef(ﬁffe}e?lge {)3'/ b frequency in order to obtain a time delay;

an

and

multiplying the time delay by a constant in order to obtain the mass flow rate.

35. The method of claim 30, with the frequency response comprising a first sensor
signal and a second sensor signal and with the determining the mass flow rate further
comprising:

generating a first 90 degree phase shift from the first sensor signal;

generating a second 90 degree phase shift from the second sensor signal;

computing the phase difference using the first 90 degree phase shift, the second
90 degree phase shift, the first sensor signal, and the second sensor signal;

determining a substantially instantaneous phase difference;
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sensor signal, and the second sensor signal; conputing

a tinme delay using the frequency response and the
w@basa2meT f erence; conputing the mass fl ow rat BCT/D82006/019595

the tine delay; determning a substantially

I nst ant aneous phase difference; dividing the phase

di f flisridingshdphashelifferencecic thei frequedey in ¢rdgbiosohiaia a fime delay;

(gel ay; and multiplying the time delay by a constant in

rder to obtain the mass flow rate.

multiplying the time delay by a constant in order to obtain the mass flow rate.
;

36. The method of claim 30, with the frequency response comprising a first sensor
signal and a second sensor signal and with the determining the mass flow rate further
comprising:

generating a 90 degree phase shift from the first sensor signal;

computing a frequency response using the 90 degree phase shift and the first
sensor signal;

computing a phase difference using at least the 90 degree phase shift, the first
sensor signal, and the second sensor signal;

computing a time delay using the frequency response and the phase difference;

computing the mass flow rate from the time delay;

determining a substantially instantaneous phase difference;

dividing the phase difference by the frequency in order to obtain a time delay;
and

multiplying the time delay by a constant in order to obtain the mass flow rate.
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