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METER ELECTRONI CS AND METHODS FOR DETERM NI NG VO D

FRACTI ON OF GAS Background of the Invention 1. Field
wobkosbherskavent i on The present invention rel at eBCT/WS2006/019597

nmeter electronics and nmethods for determning a void

fracti on of éas in a flowmterial flow ng through a
f IMETERJILE TRS?MGSB%N&MEHHODS)METERMHSMGNOID

use Coriolis mass flo re mass flow,
density, and vol une fﬁﬁﬁgﬁ{]&&&ﬁﬁornﬁti on of
materials flow ng through a pipeline as disclosed in

U S Patent No. 4,491,025 issued to J.E. Smth, et al.
Bagkgiamdhof/the Inyed86omnd Re. 31,450 to J.E. Smith of

1982. These flow neters have one or nore
1. f[leﬁl\rﬂucfaf{f%%i"vﬁm?ﬁfferent configurations. Each conduit
c Onﬁ'lﬁlﬁr%ehf)g‘lggﬁ?f feu%bﬁ@ﬁil &% elRUbARs and Blet ]]‘chds%f HE@tmining a

vi brati‘on nmo I ng, For exanpl e, sinple
voiﬂeﬂabtnm oftgas s arfkolw nratatiad flosning ttooptled flovd@sterl n a
pi cal riglis mass flow nmeasurenment application, a
2 gerett dﬁfipgﬁélﬁﬁ on is excited in one or nore

Vi bgw tﬁ%ﬂﬂgﬁg %@%ﬁl g%{la;sg Iﬂ%kV%l ﬁé@sﬁ%‘magseﬂ?w density, and

con e con IS neasur e

voh@héflswsdpdctherdhfhatibg of emgietidls ﬂEﬁ/@hg/thde?h @ﬁﬁiehﬁ@ d@&lsclosed
of the material filled systens are defin in part

in Uh% E@éﬂﬁuN@& 4&915@2501fssmwetOfJLE>v$mmee§ ahred J mfwmét é9$iaand Re.

317050 Ve il BEEHEEES A HioEE Abets R iR Ve e B more fow
tuBedQf fdllﬂ&‘eﬂ‘ﬁé&ﬁiguﬂ—ﬁﬁmﬁnhﬁfzh 8bnduit éd?ﬁ%ugdtfo%%%d bk I'\}Ié%’&lfhs having

the flow tube or flow tubes and exits the flow neter
a sebofénqdrul;aé I\/lbnmlmnnndcﬂ indluging, ier exanipde, ssmpke. beditrg, vasional, radial

e c{e e to.t efl w tub The force causes .the
and RRupiEd e R PRIA CorAB PR alaeY PeaHgeRERCHAation, a condui
COIH' %in\fa{i shéx%ijrg@ i} Bifge b1 ﬁﬁ/ré%ﬁa?%mn%hdefﬁoc{s%t rﬁaf%h%gﬁo@rs through the

ube oscli ate an | denti

condtit land Imdteegi ofthé ocofdudvistheaugid dt peirté gyictdbing the conduit.
Coriolis accelerations cause each point along the flow

t ubdheyibratiena rméer@ff d mem@é IW:@; Aysteispace de meldtm gprt by the
cof DG Hl %y Biehe 4B S NORn Wi P b M tows

int@fhd ﬂ@w‘lﬂdéﬂeﬁ‘froﬁi Q@oﬂﬂé@fbﬂ ﬁlﬁﬁlr@r Ok inleL180 OB Y Bow meter. The
pl aced at different Em nts on the flow tube to produce

maémﬂlss)thmldl@p@dahmug he8ewttab¢ orflow tubes anstdxts thé floweneter to
eﬁw t ube fi?g %nt poi nts. The phase
a Pal? HEreree’ %%’P t

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

the flow tube or flow tubes. In one prior art approach either a Discrete Fourier
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two sensor signals is proportional to the mass flow
rate of the material flow ng through the flow tube or

wo b@e/1213®s. I n one prior art approach either BCT/US2006/019597
Di screte FourierTransform (DFT) or a Fast Fourier

Tl BOEL) o fae Ut Temebmmatigians usestip dpramine the phase
H Per 3 ;
] o o At adh sl PV e PHREed RAP RO Mafina

frefihenwyrrasponse of theeflow itdre ssémBlp aeashd t@bbiandeReASRMow rate.
reference .signal is used to determne a pickoff signal

f r e HERTHTIOLHE RPBOAR, apdndgpenentirefesrnen sienak i used to Hetermine a

oV ' ' . ot her. pri,or ,art. . .

pickbl R ianéticy! ShotPasnPRind IheARGiIfty Bk B0 o Sinvarignal driver

systema Ip andthéf psenaoepraicth ehdebeiitnaBdsiohse SRiqREh&PFadiRrated by a
. h?ft frequency in a notch filter, wherein the prlo%

PICEPH Sensafiren de detarayipndsbyt eenteréng tortbatrfpequienoy int heotwhtfiter,

bl B Bl BB 2 2 8000R SRR TRl Bl

pickoffdehicMEequehey. eThib Pribt aM 8RRk orkd féiflsz \{félpﬁﬂcfér‘%fuiescent
is uniformand where the resulting picko sl gnha
condiéefise fithprq therfbivaniajeia) irs thetll ewmelenisreniforhendivhs the resulting

. urenment of t.he .prior a ffers when the fl ow
P‘C@?\E}% CUGYY 1 ﬁ?ﬁ%‘fﬁ%{ s [ai% ﬁ%W?Wrxm@pbn%ﬁs@eawment of the
it Su h&feri ' L apid. soldd
PGB SRS OO e ORI Sy Yy B
whengtthe illalw mbterisilicompiisesat liqig andl Beold iop whefd tHers ﬁ’ferﬁiiﬂfﬁifbbles in

the g B el 1 10cuGb et Rl prionert deerinesbiredunigy can
] : j tside the fil.t s .
gt AR PP hARAD e B e oNipalhe. i i possibte

for teeasivk effsipinals tbihevebigside sheAiRErtnEWidth, yielding incorrect phase and
npty-full-enpty batching, where the flow neter is

ﬁe‘?@ﬁ@&f@@ﬁ‘}“eﬁﬁﬁf%ti@ﬁs plso &4 2 prabderm iy emppt-fulbathptyubatching, where
the FAChlsR T repeh@i cnerif® it SBERETR wRbwomdalanainess. Also, if
the KieGRenty o thd sédier afdve@tappdly B ?%B&ﬂa{iéﬁ ﬂ*’tfc'ég%wgf gb’tilﬁeenegole to

denodulation at an incorrect frequency. 0
keep mgevish Scactiadtor infeatired deeaemtiyn eausingederandylaiion at an incorrect

i ncorrecy ar..inaccurate, then subsequently derjve
freqpgicrastts O@Q&ﬁ Qﬂf@rw%ﬁh@t tesdstatrpined frequengy is ingostect or
inad@rdt8 ] r he grror._can .
e R e T ot RE Bl PEUER(E, bl oy Boee" 8L, witl atso
be idetresatand inaznsratd. Vioheveer, ithe edbi cart hiecdthsdaided $h Gi¥eguent flow

can bpe ditgiti_ze,d and digitally mani pulated in order to
charagieriste detcrminationeh filter. The notch filter accepts

onl frequenci es. . .Therefaore, when the |

on 8 B36! it REBLBI 4 SeRCles TSL Sl S e e
orddreo abRnidnt thekdtch figtet. aTBEhoeh FIRL a@&?t@orﬁ? BP0 band of

time. Typically, the digital notch filter
frequencies. Therefore, when the target frequency is changing, the notch filter may not
be able to track the target signal for a period of time. Typically, the digital notch filter
implementation takes 1-2 seconds to track to the fluctuating target signal. Due to the
time required by the prior art to determine the frequency, the result is not only that the
frequency and phase determinations contain errors, but also that the error measurement

encompasses a time span that exceeds the time span during which the error and/or two-
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I mpl ementation takes 1-2 seconds to track to the
fluctuating target signal. Due to the tinme required by
WO b@opeisey art to determ ne the frequency, thePCEESI006/019597
is not only that the frequency and phase
determ natjons contain errors, but also that the error
phasesiiei esiaially ogewnprs issdue toitheralgtive slownessod seponseef a notch
ring which the error and/or twophase fl ow
ﬁl{e&tuﬁgfﬁ’yeﬁgagléﬂr This is due to the relative sl owness
of IesRenseisthatahdptieNark lbtehetbMinaBE a8y, qfibRly, or
result is that the prior art flowreter cannot
Safa&fwmalyeﬂrqpk quletscmine apickaff shemtfoequency deke two-phase flow of the
nsor frequenc

eSJ'aP {l’lntil ?{"lo%%(&gtﬁr%{ : pg§eqpﬁn }héhq p%%%gl[elgqn%matmn 18 ?IS(GWISG slow
an@%ﬁ%ﬁﬂﬂﬁﬁt ésythegﬁ‘ %v@?{h% rﬂﬂg fé?eﬂc% usirEEk SiSteRnBi¥d

and error prone, as t e prio erlves tfe phase
plcdﬂoﬁf Eeqroey. u%’hm@fmrbgan}eemrrm niselfrpiudoof fdeferminegionyis compounded
herefore, any err [ e frequency determ nation is
Sh e atine %ﬁag%g 1f E1chsased POR inTihe freqyemqy defermination

ORI AR e BERE FAELTHp Pes v

ratdelhe adﬂlﬁbm,gadchﬁserms ﬁeﬂ‘ehﬁiﬁeﬂéﬁ@luehéy daldé id WRd thaeRUBthe a density
the determ ned frequency value is used to determ ne a

VaHJ@r{émsgtyv& pRirogtraaishyt sguiaktoagsisrayer fedesneysquated), angmeor in the

fretley, BTG SR Bl o Bl e o Geh B S Biiontign. This
is 4186 auEHe dQBrmihBisn bEvAlufR Adw ?até O\thél'eQEé G511 b Rate is equal
of volune flow rate, where the volune flowrate is

to w&aﬂOWcramcbdeddedeasw di vi ded by density. Therefore,
an inaccuracy or |oss of

h ff
roadlF '@ﬁéfﬁ? h%msffqr@%r%ﬁf% O L IFACREAG OB dNEFWRent ability
duhﬁ% hﬁéeoﬂ\b\? Qghﬂﬁﬁhb.og'?li’nﬁhif ﬁlé’ ﬁbtk?{)r‘f‘s itqf B@%ﬁbl@ 't5 have air

er gas) entraine
(oreotherpgae) ertrainéd fn thk dlopv oadtecial.0One Wﬁﬁ’ﬁpleﬂs oflUftked ptdduction,
that is punped out of an qil well | ikely contain

wharein ffudecpil Hatdsimmned it gfan eil |Welbtvr1éhk@ly adig;aigmeixed in with

e e rin
e RS Ol xafhe e ety f B o R RR L Bl Bsane
prdcass. MEnd éramiihddot tlipicddNs eXists Mtﬂ?@ ifdhe ﬂ@bbsl‘i‘quld The air bubbles
erroneous mass flowrates in a flow neter.

cathfgiE prrgaequsabiss fidvarates inl afloweneer. ot asulmghbi @esuahbahat a flow
mass ow rate of t flow lj,quid even with an
meerguntretse St admesstfonkreat fHhiioy RECK Sleniy B by ampunt of
entrSinéd S hYix 8@ RItd ﬁl&l ﬁko']ﬁ‘ful(P ! 1£Pﬂg @é's Iﬁﬁl%l‘igéttaehé’w meter
nmeasure a nass flow rate of ' qui d even where
acqungtelymheasiureal rrauss flow rhtaxo:&thaﬂowghqtﬁd rwed whefe thhentrained air is
Sol ution
fluctuating.
Summary of the Solution
The above and other problems are solved and an advance in the art is achieved
through the provision of meter electronics and methods for determining a void fraction
of gas in a flow material.
Meter electronics for determining a void fraction of gas in a flow material
flowing through a flow meter is provided according to an embodiment of the invention.

The meter electronics comprises an interface for receiving a frequency response of the
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The above and ot her problens are solved and an advance

in the art is achieved through the provision of neter
web@etiezd cs and net hods for determ ning a voi BICT/US2006/019597

fraction of gas in a flow material. Meter electronics

for determning a void fraction aof - aslﬂ flo
flovranageriad lanf PGP RIS PR SYRIGR 18 OPBIFHETED TV ﬁ%m‘f%rg&& The
procgef%gﬁl{ggggtgmt 8 c@ﬂﬁ%ﬁ%ﬁ% PRAtveQhe ?%ggéé]%ﬁ%gﬁcﬁﬁe 0N B hRE face,

nics conp es an inter receiving a

bredlf 86URBE¥qhaspasgRnet intbeat leavw agdsefréqieney doaponent and a fluid
processi ng systemin comyuni cation with the i tg?f ace.

ﬁec}rtmecw@@pg@mﬁga%@mm@,ﬂ@ovmd dacep pheassieamige figguency
; !
respdra AN OY° PERR O s sl Prififen: AERE MUY febency

co gnent and a fluid frequency conponent, and
eterm ne the void fraction of gas fromthe frequency,
r espanetbod fiof deteerininger eidfractien gheas inggilevwayaterial flowing

N N e T
meffBi bl frists ARG A ﬁ%Hﬁéhc? b ONsEBE e flGy QM SBkeaking out the

accordrrng to an enbodinment of the invention. The

frequeinbp desponyw intest least eigas figqaeriayemuermnent xho Avisl Gequeney
flow materjal,  breaking qut the _freguen

esponse
compRISTA A slstrninigE 406 Vg EIFEG 66 B0 HEM 15 PSR fegponse and
fre n r %40 gy f '
one o T B ARy ZR LS R THEul PRy ChBEOLER.
t heAgasthbd es@neyniaroned tfraation bfigad ind Howrmeatesakflowing
conmponent. A method for determ ning a, voi dff action of
thropegh 4 flow thetenisrproeided aceqrdingig aﬂwgwlwnsntfcr 6&? Hpteaion.gThe
ravi ded. accordi.n 0 an i f ' n. | :
mellod Sogiiisa: ConprTEaserBeus e i P S Aot BT hlcRBeging he
ﬁ‘e«é\%&@ |r9é£50ﬁ§é Rithal notét gaeSGaNaibshatiiNEeiens ¥ne 65 peas requency
th”a notch filter that substantially rejects one of

comapgant hiné qdent frequenuyreempoaset, and feferminirgytheriwjd fraction of gas
conpaonent, and deteérm ning the id fraction of gas
fropy i 1HCAU RIS SR 96 ALBICLR 8L Bl MR AC o roppdighand the
nt and the fluid frequency conponent.
ﬂug%e%%ggyfgl&%d%}g}m ning a void fraction of gas in a
f | ow methedifet détbraminitg 4 hoidufeetian folf gas irea Bowi materiel/ flowing
according to an enbodi nent, of the invention

The .

threregtha flovomster swaroy slediageorging ter@smardimertidhe &ntippeThe

| ow mat eri idteri r o t
U P A Ao SN BEAOTRE crin
frefl@RYSBGHONSOMRANERist Alier Sidbsibatintially yejees sesgdsifeedueneyl

frequency conmponent. The first filter

component and substantially passes the fluid frequency component. The first filter
outputs the fluid frequency component. The method further comprises filtering the
frequency response with a second filter that substantially rejects the fluid frequency
component and substantially passes the gas frequency component. The second filter
outputs the gas frequency component. The method further 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.
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outputs the fluid frequency conponent. The nethod

further conprises filtering the frequency response
wowdoe/1z75¢econd filter that substantially rej eceGT/UB®06/019597

fluid frequency conponent and substantially passes the

gas frequency conponent. The second filter outputs the
Aspaetsfof ¢he/Bmentoanponent . The et hod further conpri ses

determning the void fractiqon of gas framthe . .

fr ez%éﬂf‘: 93%85 ks dnstrrelgrreones, mﬁ\%m%ffracﬁen Qggas comprises a void
frabhi&QUEREY conponent and the fluid frequency

conponent . Aspects of the Invention In one aspect of

t he Ineheaspceof thennetss; eletieonicd, thd maatace indbdeasdigitizer
conprises, a.void fraction of air. In one aspect of the
copigieed &0 digitizaihe frequpRcy 19ERMBEce i ncl udes a digitizer

con :I{ﬁ Q5B leg)te 8'6'0 ' tH:] {r?etérfb?ecftfcﬁl%ée&%réé%B@%§§stems further

anot ner aspe e nmeter electr

coffi@ared $6 ReBisd BI%t béhsbrsiphairandondecgnd sshsbosipagletor the flow
first sensor signal and a second sensor signal from
matere genasaierieniaety dearrerphase shiffi frem pheiinit senyon sigaak Angd pompute the

frfromthe first. sg sor |gnalé %gland %gpute t he
e ioRdns dinehy dotie piesithog ee phase
shi i yel dhotdr BPL BEThABBRS bleRfrohids, tABpEICSIiRE by @Eh &S further
the processing systemis further configured to Teceive

configured to seesera sy serisonsignal adcosedondsgsor siggaldiorftharflow
the flow net.er, generate a .ninety degree phase shift
i FERSHELCr RIGEY SRS PREG A o dhe BT 0F fignal and compute the
. e , | _
e o S e R g Flenk] 81 BERARTy BLP2 phattnit.
of UTheenmictheralspedtodithicseter BRcronicesthe peoceyshgnystan is further
further configured to break out the frequency. response

copligied e braakPUE Hie Fe@iDENESFPPRIIDNBECHISIE 15A dregroRRy; gsponse
wiiﬂ J)ﬁee&smépeaﬁltg‘rg o %ﬂﬁét%llth\illg ra egf éne? s fgﬁ% ﬁ%g@&f‘cg component and

requency conponent "an requ y conpone

thd fluddefepRaty esmpsag! of the meter electronics, the
processing systemis further configured to break out

t he In yetamilsr aspegi ofi the igptop eleeborichghe prodesBing eyrigm is further

response,wth notch filter that substantjall
copBEURHE0 Bifiak T HRci GHleneY BRaRs OB LI AR dEFRSY Tesponse
wiﬁLéx’ htch "R 808 ¥ubQARANE YojectsTbrs&f R géshﬁéc%&‘ﬁ% ¢bmPBbnent and the
the neter electronics, "the processing systemis
fluidifrepeencyaohippuestd t o break out the frequency response

by (LR, Lrediener Leshonae L1 LLeShuer s e
cofifgRRA Y breadu® H%Sfr@dﬂeh% L‘é/sponse by filtering the frequency response with
a first filter that substantially rejects the gas frequency component and substantially
passes the fluid frequency component and filtering the frequency response with a second
filter that substantially rejects the fluid frequency component and substantially passes
the gas frequency component. The first filter outputs the fluid frequency component
and the second filter outputs the gas frequency component.

In yet another aspect of the meter electronics, the processing system is further
configured to break out the frequency response by processing the frequency response
with a low-pass filter, with a low-pass cut-off frequency of the low-pass filter being

substantially above the fluid frequency component and with the low-pass filter
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passes the fluid frequency conponent and filtering the
frequency response with a second filter that
wGemmstizrsed al |y rejects the fluid frequency conpoOn®Es1006/019597
and substantially passes the gas frequency conmponent.
The first filter outputs the fluid frequency conponent
subgientially presing ihe flviddreqnenpy cemppeeng a8d sybsiargiatly rejecting the gas

rGRERD it 450 pRAReI8E 48 B Sleafy rbPPuR HEh o highpass fiter,
wiBtPA highup B8 clitoiTRRefdf of 18 HiSIRpARTr be StaRially below the
processing the frequency response with a ['ow pass

ga$ filegeencywontpoachionmdraish thahighfrass filbepsbstpantially passing the gas
frelgflw- Z?pigﬁ%%ﬁ.ﬁ%qiﬁb@%qﬁiﬁ S%% Q%t#,&l T}h%\fugcgﬁgqltlgn%yfclo%p%nent The
loxﬁz?aE@ﬁﬁ&b&Itﬁﬁt‘s i ﬂﬁicpﬁécg]'lepgy EGﬁgEﬁéﬂt dnfl ﬂ?&hﬁgg%ss filter outputs

nponent ahd substant | rejecting the g
thd gagfueneyncy ooppomett, and processi ng the frequency

response with a high-pass filter, wth a high-pass .
cut 1BPet anotlasyaspset @E heyaeter glecyaniss, tii? pPERcepEng gystem is further

cof LA VBRI 078 RINEEK BTN ensty from
theheqiened lﬂ@?)@hse; eARAREIAE aaﬂllﬁid%bbrﬁ?ﬁéﬁﬂ ®hbiyy fehteleiMAd frequency
r

the flurd equency conponent. The |ow pass filter
cogpopeitiscaleidating p ga$ eemnensy densipoliiemithe gas fiaguency component,

ol SRR 4 TR et R PR PR SERA bty s
thPd RGES FbiGrySUSIRAbYThé Wit mESHEt 8BS rhiRud ehEEAN ddnponent
the void fraction o0f gas by cal culating an overall

degsifsity fromthe frequency response, calculating a
fluid co nent density fromthe flujd_frequency .
combBHERATOSH ASRACE OF Hf Mot cCRpISHahE AaBHRFiE) chmprises a
C GRSy uency conponent, and cal culating the void
O;rir?)glgtl onﬁ%&qgas as a ratio of the fluid conmponent
dendi bye aspresof the nasthod|the eteidsiraotiodi ofigde domyribérea fbidifehction of

.conponent density m nus the gas conponent density. In
allyet anot her aspect of the meter electronics, the flow

met ' |.ol i I ter. I n one aspect

o - tharBrARES, RAOHE eoeRUn BleThalohBRpBaE Hhner
comptided feasivin@n ffst 8édsor bignalndnesecond S&ilsoPbigher6Mith® How meter,

receiving the frequency response further conprises

genesgng p menedy flegree phenessbift Slognthle firsidseasarsigned, asheorputing the
RS R b hRUh R Gere GRS B ety deoree
gggﬁ”ﬁggé%%gg}g@ g&}?eﬁg !d? RHYmEBDROREEvHR O flelfeityYebonse further
comprises receiving a first sensor signal and a second sensor signal from the flow meter,
generating a ninety degree phase shift from the first sensor signal, and computing the
frequency response using the first sensor signal and the ninety degree phase shift.

In yet another aspect of the method, the breaking out comprises processing the
frequency response with one or more filters that substantially reject one of the gas
frequency component and the fluid frequency component.

In yet another aspect of the method, the breaking out comprises processing the

frequency response with a notch filter that substantially rejects one of the gas frequency

component and the fluid frequency component.
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In yet another aspect of the nethod, receiving the

frequency response further conprises receiving a first
wa@emsae7589 gnal and a second sensor signal fronrechesiohem9oss7

neter, generating a ninety degree phase shift fromthe

first sensor signal, and conputing the frequency

r es popatanotien gspdeeof theshethedsthe bsialjing outronipnisenfitietiyg the

degree phase shiftf. t anot her. aspect of t
fregAr g SROTRS B TER b RRI-gelp Faces St hravency
coighBRERGY SHRTRRDAT PSR RS PR EEQIcRCY boinBber 4R fitering the
freqaenegresgonad oithhesecbnd €ilter tau sutsyantialip ogjects thd fluidefrequency

anot her aspect of the nethod, the breaking out
copapeTt §ad sppdedidlyRystandhe paytiearapcy sempRRENty g fist filter

) o .
oufdiTle thid BeqnetRy PHRRRA At i(SpaTlRr B eok'tas Hefuency
compoRanent .. I n yet anot her aspect of the nethod, the

br eaki ng out conprises filtering the frequency .
r es pohisteangihen agpdct pE thefrmethed, the Breakingsewropgirisgs processing the

jects th f L d {i
s SonedSe i LREHGR BB anareoan o P Rt fsme tow-
pads R4 REE HHSRARARY YbdWR Be %ﬁ?@ﬁ@gﬁéﬂc& Qbnipdabnt, wherein the low-
substantially rejects the fluid frequency conponent

passriiltersobstamially passeratbe daid frequrasy fcoayposentyandsmpsiantiially rejects
The first filter outputs the fluid frequency co nent
thergrs et ombprbeRdatopris be e Heaborty SRibngs Wi & high-pass
t: @f t :
FIEETERPS g EL oL cP3PEC BTN il bl
the @sdestpenyy tdmpoheait- i sinf the high-paustititea stlostarpimdly passes the gas

cut-of f frequency of the | owass filter being
frequenayAormRaneyt abVDStRHaRY fRIEcTs thedflidd dipapengyosrapponent. The low-

L

fregtiéngaonipop@dency conponent, and processing the
frequency response with a high-pass filter, with a

hi ghn petsanothar-aspéct pf Srpuspihpdothe determining samprisey ¢adeulating an
bei bstantially below th fr t, .
ViU T tostiedSS RFp et RS AT L Y oS EREA sty from
g . ;
thf%qtal.ld Jf@?ﬁhgg{}g é’orﬁﬁ%@,%ﬁc@ﬁﬁlﬁ% D5t @bp lehd dérit Foin htegas

ncy” conponent. | owpass filter” outputs
fretjhendy! asintbdneat) aad cylcolatipg ienvoidrithctios ofigghapassid of thefluid
out puts the gas frequen conpqnent... | t. ,anot her .
commpae dsPSihERES e 4V BSL ARGy Ga 1Bt Semponent density
. | ati V. density fromthe frequency
mlﬁ@é%gr%é,cgggﬁgﬁﬁacﬁﬁﬁy'a fluid conponent density from
t he T e hofitied Gigpene i demethed] the fhive tetdricogpaisgas Coriolis flow

conponent density fromthe gas
meter.

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.
FIG. 3 is a flowchart of a method of processing a sensor signal in a Coriolis
flowmeter according to an embodiment of the invention.

FIG. 4 shows the meter electronics according to an embodiment of the invention.
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frequency conponent, and cal culating the void fraction
of gas as a ratio of the fluid conponent density m nus
wo b@carmeal | density divided by the fluid conpP@EDNE2006/019597 .
density m nus the gas conponent density. In yet
anot her aspect of the method, the flow neter conprises
a CollCobiisa flosvghaeitafia method rof proaspsing fistandrsgopnysenForsignals in

2 G G S ol e A Ba o Bf TBPEOR ow et er
in @G@G@&T@b%ckfd'égi@rﬂ SVLHSOR of Fleprod s%l'i%"‘!.ar 881 &¢cording t
el ectronics accor1 Ing to gé] 1err‘ooodiecrrii\)srr?teof t g cording fo an

embhodanentad thein@entdoi.s a fl owchart of a nmet hod of

progessing a sensor .Si in a Coriqglis flowreter )
acc%ﬁg}r hg%pgvsg}%taéﬁsgﬁpq%ﬁﬂkewrapﬁéﬁpr}ﬁgﬂ{ F%??g\ggéo a5 embodiment
of ThoMSehtdts. Met er el ectronics according to an enbodi ment
of the invention.FIG 5 is a flowhart of a nethod of
pr odd6S8i Bourfd 9 site blutksdiagrarhssefisar irsiepeadest branghes of the analysis
riolis flowreter according to an enbodi nent of the
blg prdipg topneemBodignent gf BreRNEHYPam of a portion of

t he 0 [ C [ i

t he Hagag et ARE LRI bibPoE R FEL8E BER: Shnal of a flow
mdteanafee horhilavkhdareer ding to an enbodi ment of the

invention. FIGS. 8 and 9 are bl ock diagranms of two _

i ndéPenddnshdyysaacHidbersftrangtoranhlogki according tadbersinglg phase shift

t.o .an enbodi nent of the invention. FIG 10 is a power
emsbé)gg{’?rﬁm density plot of a pick-off sensor signal of a

f I owIgR 2EhARSIRTe QLR bieaD tirithO Bingleiiase I fSoMRliMent.

Hubert transform bl ock according to the single phase

shi fiGebbchiwetlte. seR$aE, pra@ssihg wé thehimventiinyasi @nigaoaktof the prior art,

t he si.ngl e . phase, shift epbodinent. FJG 13 shows the
whersin g i AB??@QF‘T’]@@T’E‘IP% 8@%8%?9“&?@ conmpared to the

Pri @G i ' '
e FIORLA et ot Hetfofl LS%RAGE f rdetifodens o e
inemtiondi ng to anot her enbodi ment of the invention. FIG

15 is a ég[aph of flow neter_frequency responses for
ai r Fl8o}5 15 3 gigpg of dley mster 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 void fraction of gas 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 deterrhining a void fraction of gas 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 a fluid frequency component and.a gas frequency
component according to an embodiment of the invention.

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

FIG. 20 is a graph of a notch filter frequency response.
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conbined air/fluid mx (i.e., for a fluid including

entrained air). FIG 16 is a flowhart of a nethod for
waledwenised ng a void fraction of gas in a fl ow Pet/@81086/019597

flow ng through a flow neter according to an

enbodi nent of the invention. FIG 17 is a flowhart of
Deaammiﬁostﬂmiomdﬂlerﬁlwbn@on void fraction of gas in a

' ogﬁgsnf;&'& &lﬁog@ﬂﬁﬁ@h rcfﬁ mt?%;éggiv?tgbteg@cae%%gp?esqg teach those
skﬁl%@%%‘&é(rtgfom SRR u ORI RfAE oFRY 1rRé§ﬁoﬁ' IFbefhe purpose

responses that can be used to break out a
of fteadpirez ayveniting gnirciples) dsomey aemfarﬁquelnagpec‘ts nlpnmehd:en s1rnp11ﬁed or

onieq, §hovkrials ﬁtﬁg%%%‘gﬁﬂépﬁorfsﬁfg&%gﬁsﬁ ﬁamathe%ﬁ eramples that fal
Wlﬁngstvhé %Ecéﬁé 083fe ! Hvé?lt hOWTHB% Elg]ﬁ%dflhoeg{%: n%htéﬂ[lo%?e(ﬁate that the

accor |ng 0O an € ment

fedtmes ries@ibedielow 2anite congbiapdh infvadomotvaps fo K’drﬁ{ multiple variations
frequency response. Detail . ed Description_ of the
of [the dRYaIéIenF| &8, 2 Tespif, dhel iYratios| B Aigtnignied dpithe ispAcific examples

A e D

I NVENGE, ORhoWwoh GoRIBYIGW sRt& S ¢RASMNING a nidteNdskarably 10 and meter
princi ples, some conventional aspects have been

elestnopicis 20e Meter assembbid] 0 T¥spordsiii mwcﬂqm rathend densifyl of a process

f
i MEkECERENEEL 20 T o PRvE TS Bt B e i 100 to
pré\tlﬁe aéﬁ51f'§4 as@nB%Satedhfd ¢ er&tﬁ?e i&l%ﬁﬂ%fti%ﬁ &%ﬁ?éﬂh%gﬂ as well as

bel ow can’ be conbined I n various ways to f mul tiple
othezinfatmatisn ot rehesanttoehe pmsentAsventroems uA Coriolie flow meter structure

s s il ey ! DU ERE R R on et
coﬁﬁ‘i‘“ﬂ ﬁjagl%e% asa \g’oraﬁngff%?&ls%ﬁfe@é Lt olu?Wl ﬁorgl measurement

conprising a neter a er e ron CS

cagdbilityBirevided demCyridlds memwlmdta mass fl ow rat e and
density of a Eyéocess material. Meter electronics

conAdeferassemblipt @ mchides giajr afongnifolis 5 m@@SQ'oﬂanges 103 and

rovi. de-densi t W rate
108 pRER ks L PR 340" 0 bR Br AL BRR AR TP a0 arve
méBhnisRl BB mpRatulesdis68 BIU, ahBuedlid el dbifsWehsbrk 3701 @nd 170R.
nmeter structure is describéd although it i's apparent
Flow tutessle Osioid| 138 thave tmmeesaerrttlaﬂlmtratghe irdetdegni3 i avkh3 i'@nd outlet

legﬁ ]&4@@% ]ﬁ%lr %g pq%%g%%eapgél ?et@{:‘lg ﬂ‘{htey gte ﬂgv% Sﬁet r%rg%}lt?ng 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
attached to manifolds 150 and 150'. This provides a continuous closed material path
through Coriolis meter assembly 10.

When flanges 103 and 103', having holes 102 and 102" are connected, via inlet
end 104 and outlet end 104' into a process line (not shown) which carries the process

material that is being measured, material enters end 104 of the meter through an orifice
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capability provided by a Coriolis mass flow neter.
Meter assenbly 10 includes a pair of manifolds 150 and
was®s/12fskanges 103 and 103" havi ng fl ange neckBC/L820861019597
110", a pair of parallel flow tubes 130 and 130",
drive nmechani sm 180, tenperature sensor 190, and a
10pan flange 1@} baiongueted slwpugh AGbifalil J07@HloWitae mabueting Block 120

d 130. h . [ traight.inlet | 3
oy epittect Ao NV HE Tae1d 458 S deiil fnefhueqd o ed throveh
floWPUBES $3 6 86d 1 90 N &I exfitis VI WRELEEPLIN A01 J0, ABK Brokes material is

and 120'. Flow tubes 130 and 130" bend at two
recyrhietd incasinglecttramnsithinananifdieils 01 andgs thexeafteareuted to exit end

10f Foanessae b afian 10§ iyt it A0F e thsdoqus A (pt shovin),

b i fql iyl : '
a1 Fg R 13000 130 R RSt Bp R riplel? ) fifed 189 flow e
mdunkiag byockistla0laad 120' §d wothabe stissanttiatiy the sarks nmkad datribution,
120" and these blocks, in turn, are fixedly attached

marpers Af h@%mx:s‘e’oah@ s pegulusabpyt lzﬁ‘rf’;‘jlng@éesa cobend oV,
| T Pr-O}
o 0 g e A s ) Bl 185 Pt o e

Yolid's médulaPonetiRilv tubed chat g@twieth eendfii4atans] g8 thiethi affects the
104" into a process line (not shown) which carries the

calsnlation of Moveandadensitzit resistive tangparatasudaesectongR BP) 490 is mounted to
104. of t.h t th h i fi 1

1oy 46 8ot FetisButis et i B RaAFOPEE T S e

terhpI8HAD BN H WP 'tlﬁﬁ:kalﬁa_{én:aé‘men\%lﬁgg gg]f)@a‘iﬁlg]a%iloss\éﬁé RITD for a

mani fold 150 the material i1s divi androute
givelroomght passing theeshrd8gh mrgbveREd. bylhe terepérttung of thevmaterial

t ubes 13 nd, 130", e process nmaterjal is reconbined
pa$%1pga‘37§wg§1 0 dicP e 1 R F Pl Bplipe @PPORTng Across the

. i : t
RIS SR R Bt PR D SRS e 06
ch&ipevin el askik avo dulirest 130 tatied 188Qndane’ &wd waingthanges in flow tube
appropriately nounted to the flow tube nmount |£g bl ocks

tempeyatyirel ThoRIEbisponpectpdiemetas stesionies 2 bsad 3% nass

di iUt i t y A d Y ' dul ;
0 borion Bl e PIFRE 1 atd Fivasf o B vl BB tections
abORNHED GesPpEEByAEndMOMEE Wrana oy DR Bat kit 3eérhéd ;ghe first out-of-

I nasmuch”as the Young's nodulus of the flow tubes _
phasedregding mhde effherfinw neteranithis diive oleahgusmflB@anay cdreprise any
fl ow and densi.t resistive t

cal.cul ati of \ rature.
ong,Of BN V9l i) ARG CReh §02 FAgHE L T4 Tlopube 130" and
i t . f : :
an GRRbAifL B o RACH Fork B! BIRGIAII G AitibhSp ol @aliHf urrent f
passpl dar vibeptmgrbmsls flohvetubdd A auitablgidvien sipmal Brappfiad by meeter

therethrough is 8g50verned by the tenperature of the
elegtrpmics g0, 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
electronics 20 produces the drive signal appearing on lead 185 to drive element 180 and
vibrate tubes 130 and 130'. Meter electronics 20 processes the left and right velocity
signals and the RTD signal to compute the mass flow rate and the density of the material
passing through meter assembly 10. This information, along with other information, is

applied by meter electronics 20 over path 26 to utilization means 29.
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passi ng through the flow tube. The tenperature

dependent vol tage appearing across the RTDis used in
wa@2welik7sknown et hod by neter el ectronics 20 tBCT/US2006/019597

conpensate for the change in elastic nodul us of flow

tubes 130 and 130' due to any changes in flow tube ]

t enBEG A1 shrosvs ikter REDrbsics BAmecdrdihgto ameemehodément ofithe davention.

20 by |l ead 195. Bot.h flow tubes and 130' are
Thy mewrﬁlwoaw??@rcafsaclpﬁe agngfﬁ%eli& s BitSesdigeystem 203. The

[ ' ' el siphaRdrcth tRktel Sssembl

meteg%l}re{é’é‘r"?ﬁg%?Fl?iesv%ﬁ@q%%&%?%g’%‘gﬁ ngsgl\éﬁrmder of ‘the f1ow 07
10,8tk bs pidkb&/didoisy sersdrasigisais. 18he meter etavpon®e 28myrocasees the first

of many wel |, known arrangenents, such as .a ne X
andhBReARE Gerser Figaalstiy peder 5o obiginflay Ll 3? &lerfiﬁ)’iﬁ fserial
to f ! ' i .
ol RYHRE 128 AP B S B P R DAL 20 cn

detstthimdWne ofore of a@phate disfebdRk] £aelyentp] £tinel ditferapoe ¢At), a

20, via lead 185, to drive nechani sm 180. Meter
densiityc a mass Howante; enépweiime dormpie Gapdhasenser siggals) fop gxample.

I 19 d the |ef.t.and ri vel ocjt .gnal.s. - .
1n o ffiad e 3 ERGec iy vedier Tn@E A BhE I i ipypntion.
ThEldeRlHmAERs 2@ REQENEES16Re drive signal appearing on
lead 185 to drive elenent 180 and vi brate tubes 130
and Tha @haseMifferenet determiriation 20d phofregusmsy ddetermafatioarsge much
right. velocity signal.s .and the D si.gnal to.conpute
fast e nftaRC REBHAIE i E e BisbicPraf R RgS HA BT o In one
enBB3FhEH, R PERRL et Lo RERARRIANoh dnd I BehrRy TRlchhation ar
direttBe dérdvedaBom Q phaes shi&tdf o2y boe sdnsbr dighalpwitieainde need for any
29.FIG 2 shows neter electronics 20 according . to an )
freguensairaenencemignab Thisedypeiageonsly Tediess the prqqesiing §mpgequired

. i ncl ud LNt er f d | t

in 30 CaRe B PN Ehpifabio BB Rt Y ke

diffRERNRs YBASEY froirOstRlss shifR bbbt SEREET sigsAs Wil (he frexjueficy is
as pickoff/velocity sensor signals. The neter

dewyetfromnindy 020 phasechifs signah el'tik inrreasasitheasewmics ef both flow
ignals in der to obtain f]ow characteristics of the
EE R R S L E R T T
F b~ ; .
Or T8XR Grt géﬁgegﬁﬁagcgeﬁlg 1519H1e'ﬂ§0d§ %ﬁ@ﬂl}d@k@ N2 8&onds to

one ‘or “nor e erence, requency, a tinme
pesfofth elie aorerasHithe fraquiseyideierminatnsactoming @t the imretitian can be

olume flow rate fromthe sensor, signals, for exanple. . .
pel?/fﬁrrg%@rt asdHtle 35 R o lFSSG\P%a(F&S-t E.VP% itas TregheRgy detetmination is
cof GBI SHpBRIE L 1B 085 DHEOR p Fiprocesing s, e

saifip i€ Fa8 6 LtHdaliBrafibnairesponaadhé figtef sigep)encdecimation rates, etc. At
deternmination_are nuch faster and nore accurate and
the &0 mstfregueneindelerahinatéorcraie. the meter alestionics il aseording tq the

invention can be about 40 times faster than the prior art.

The interface 201 receives the sensor signal from one of the velocity sensors
170L and 170R via the leads 100 of FIG. 1. The interface 201 can perform any
necessary or desired signal conditioning, such as any manner of formatting,
amplification, buffering, etc. Alternatively, some or all of the signal conditioning can be

performed in the processing system 203.
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enbodi nent, the phase difference determ nation and the

frequency determnation are directly derived froma
w@basa2sk ft of only one sensor signal, w thoupCt/lig2006/019597

need for any frequency reference signal. This

advant ageousl y reduces the processing tine required in

or dé&n ad@tlor»,rﬂ:lg interfhee 20 lowmembhmomnmgmca‘sonsl betwaet thermeter

enbodi d d d f
clogfippics 25 At IR AETR=S] ShaNEorton 100 (oG FRrRIB Mo Sranner of
elefBbh¥EGptidaBrar e Q@ rasiRadil.f t S gnal Thi's

I ncreases the accuracy of both flow characteristics,
and Thetiixecface D@l thedrer eminatimentis doaplednviltﬂnaxiig'itizetrlﬁé)Z, wherein the

serior Rggsl Sy ) 0o rs?zns%?%@ Gt Shefiatr Oppoamples and digitizes
oA oot HEnd EAUSHEN IS LR B PBGRGE Oﬁge AgittAr 50 can also

I nve Itt

petfotrh iag g aeadtsl devhhatidny evhetels ties digitalsenporysigied] ¢ déohmbiedrin order
I's contenpl at ed, , dependi ng on the t% pe and
to raslgee émaawaﬁ obignRkproeesigsiasged ga Eneduppthepipeaspigs time.

he. M b | res filter sizes,
T gl e SR LSl SRR b 1 11 Squency
det qmmpil@édsgﬁg ls@ét8m A0 B ogl:ﬁ@fbh@ Bf €& B&ePEleO6hiB20 and
to the inventron can be about 40 times faster than the
pronesses fw meThreinanis ifa ¢heoflawmaeter ssssmbhiel & ehboprocessing system
20§i nal fromone of the velocity H &s 170L an 70R
CReqHiRs ?Il_@a‘E{smﬁ’E?d”B‘FeSﬁ‘inémﬂtmeﬁr?él%] PIEPY REQFCST5E i How

mé&@ﬁ?eﬁfe%ﬁﬂ%r&&“t%éﬁ@dﬁée%e%?%’16@‘110% gRahctEQdlist 1 oni ng,

such as any mann formatting, anplification,
buf flékipngcessing sy#ibmed03adanweinmpriss angeneral alitposé computer, a

Signal conditioning can bhe perfornmed in the processi ng
mlgWW§98 SYHCIHe 8 llctgl% RIrCYih ST SAIE rqﬂa"créeféérf BUiPOss ghfestomized

| 0 r
PSRN UBALL oA SRS, B oS THAALED ol
prcs’vtié}z’mﬁ@ﬁ@ﬁbes}fT Tﬁi@béé@ﬁigcs swﬂi BOZaban ﬁfclwderﬁllyeﬁ&ner of integral or
conmmuni cati on. i nter ace 201 in one enmbodi nent is

mct@@@pqifm elgictraniy sivrgee mediunpeEch g drecitoragh sy Sems o
sensor s

i ot FEre DB S HeD dacers e peit hienh 2l Fip edisgy determine

oné be Rffre ARG EHaPLHEERicR 1D tHeAenSR SR al 21@NThe 0fd8r more flow
digitizer 202 can al so perform any needed deci mati on,

chamaeheastmcst ¢ae idé¢lgile alphsendifieraicgrmirequendgca timeatifference (At) a
er tore he a t of sign roces ng needed

magh P aiedi @r@ﬁfsnwo 4 ﬂawtmﬂf%rlgfrﬁgr Bt fon wi |

2 R A e b L 2 e v
chaiae«ehsuimsl ﬁ@m&ﬂe anol sgrsoc sigasls 2f1 0 and P sindehesibglefsensor signal

the flow neter assenbly 10. The processi ngi S)t/stem .
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
upstream or downstream pickoff signals) can be processed by the processing system 203
according to the invention in order to determine a phase difference, a frequency, a time
difference (At), and/or a mass flow rate for the flow material.

The storage system 204 can store flow meter parameters and data, software

routines, constant values, and variable values. In one embodiment, the storage system
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203 executes one or nore processing routines and
t hereby processes the flow neasurenents in order to
w@e@duzs2one or nore flow characteristics. ThePCT/US2006/019597
processi ng system 203 can conpri se a general purpose
conmputer, a mcroprocessing system a logic circuit,
204 indjudes rottiess tgairae grepiiepby Sreqprogessingmiysiet b chswieng

ey RS e e RO R 20 e BB B GrBis2g) Rhee difference
ro@tHRS 219, 3G quidicy ki @ 181 WHiARMMEEreBte (AY) 8@ktRle 077, and a flow
i ndependent” el éctroni c storage medium such as the
chetagicsigécoputioer?2®4. The processing system 203
rogesses the. sensor signal 210_jn order o determn ne
one 6 PR S ORIrBN o e e Pstar 20 sGrs FsiaBlataish to operate the
CotlotR @l oyl eter BN el“&rk?(f)%?g RP46mJ02%n T re?rpc;o@ﬁﬂltérlit'r?g&eg%iables such

i nclude a phase di nce, a frequency, a

-as thef fist sanser {iP03l,218 ameidhe tdoond sahsr sendl 2T 1, avtdeln atetrgceived from

for the flow material, for_exanple. In the enbodi nent
th%ﬁ%ﬁﬂjty/wléogrssra%%% AL §9§ {Z0R 26 ag@?@?rﬁ%ﬁ SOragfeSyplegy204 can
y - B ' ¢ . . |
s RGRREH S AR £ RS OGNS Bl g
chpaoeissésng system 203 can determ ne at | east the phase
di fference and the frequency fromthe two sensor
si ghase smbodisgers, the sovage systesn Aot stoptraens arhnéne g,

resul.t,. elther .a £irst or secon hase shifte .
on@Re@ub el ainy BOR R AGH BlesPlreRBARD cHRORRGeS HotEm 204 im ome
enfhRIBEA SBFePTI6Whbr RAGRAELS Juhady HishRE AFRSERE 10, bR quency 221,

rocessi ng system 203 according to the invention in

a toneldiffarenced ey 282h @ maassHbgeraté 223 raedmsity 224y agleevalymedlow rate
[ difference (Dt), and/o mass flow rate for the
22%1 %?W‘i Oy %efl%?rasﬁlai§29'em 204 can store flow
t : f i . .
et giPRLBER r"rlé%tgfbga %&forﬁfg Jgﬁ&%réﬁ}g%%%@%eﬁhf% 819?@2}1‘?;9& signal,

val ues, and va ues. In on
i.esborthgsersysiigndd @4 0L Nideystase shafttrongse 2 Iin @recermb@ditieat
Qcessi ng_system . I n _one enbodi nent, the

img%&iegg%f@@?’éﬁﬁaﬁéf@r%@?ségszsggbﬁ@@- shift routine 212, a
h ' . ' 1 . . ' .21 .
{Ji afﬂ"la %b%geeal?ﬁ?e%(c%?&t?rgéﬁ% I?Sncgetg%gésg % ﬁﬁ%%%/qu%%héen Ssmg %ie single

erence

90ceprfe@hasd sHift @931 ddifiena hfforthaXiGEareAIROBE GBI in Jrlé&r to compute
storca:ge system 204 stores variables used to operate

the phasediffestnes. fThaphase diff@encetia one endpdimgnttie porRputedfrom the

ne enbodi tores . variabl es ch t first .

GG QRur Serghall- St nia FRieoE debik o fad s Mdees base shifi 213,
ThehleRBm#eR gHRSEHNRLeddeQth bR&t#Ed ﬁ?ﬂfe)r/d' HASE YifelerRB MDY the st

170L and P?%R. I'n %dgi tion, the storage systeem %24 cane Storage
syst¢ror284a The phesy diffeptrasewhbn f¢tefBiet Hadm it Yepleasatshift 218, can be

order t %et,erén' ne the f Ihovv, . ) ) ...
calculated and obtained much faster than in the prior art. This can provide a critical
difference in flow meter applications having high flow rates or where multi-phase flows
occur. In addition, the phase difference can be determined independent of the frequency
of either sensor signal 210 or 211. Moreover, because the phase difference is
determined independently of the frequency, an error component in the phase difference
does not include 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.
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characteristics. In one enbodi nent, the storage system
204 stores one or nore flow characteristics obtained

wo e@ar1se9 f | ow neasurenents. The storage syst eP€ 082006019597
one enbodi nent stores flow characteristics such as a
phase difference 220, a frequency 221, a tine
di f The eqeencPrdutda2? 1 @detassints ereqaercyX38ch as dhenhsihilited by

B TR R T TN O T
phdd§ éﬁ&[ B8, ?El?@d&@ﬂﬁﬁ%d mﬂgﬁ%&ﬁqthg%oéﬁ ih BRre B b21 of the

e sensor sig he p
stofa@etslystem2a(2. i Theoftequenbpdivhemndetermpinedérns the studie ©0 phase shift
transform (di scussed. bel ow). The phase difference )
21%,sanibseatrpmierbind obtaingd aiopfhendn ehiorriersath g Thug gan provide a

.Sl le 90 d i . it .
9 BN P s 808k g vt
ph@emmﬁlﬁr ence. The phase difference in one

enbodi ment _is conputed fromthe first sensor signal
2107The tienesdiferrtics éADapuing Rkl determines p dimendifoenges gApdetween

B30 Gspll end A0 BT PRI ) BB e 0
caﬂée Etgge&%le fihe cgﬁ*e\l;e%géi (Afyenengehe WoRize d9sBmM NS AT @ik

phase shift , can be cal cul ated and obtained
diffaretcef (As) ermprires sibstanteallyrthe detarminedtphesediviguddwyi the datermined

critical difference jn flow.nmeter applications having
ﬁeﬁW’gT}?Y_f praisyt ?régc’rﬁﬂls%@r‘iﬁmm? ﬂ{:ﬂf&i‘% 1'!fkl’V?S\ﬁéteoccur. I n

addir i, {;ﬁbg?&%lﬁsgﬁzfs QbR SNCE&CARe R ind 8hE bR flow

i ndépenden requency of elther sensor signal

cha4&tefistics. The MW ebaracteribibesawating D8 phasse tie fdetrminme phmse
det erm ned i ndependent I%q of the frequency, an error

diffesemreri® andihe detepnined frqueareeh BbewmRle, nfeferde agpomplish

error..co nent of t.he fr ] ' o : .
B BRSNSl P PR o ARLSSRTAA tdonl ntormacion
ma&m@gﬁﬁ@d‘ for thé&xB TR tRMAtIOns | fweh R Asemdid flewenearenisity, for

I's reduced over a phase difference of the prior

exampleT hef flasy abaregteristiasi nouting 81 § earedetpimeine & massdlasw eafe from the
tinksy Garchss A 228 o e RRRS Bt e ife 2TRR fhe frequency
2290 T‘ﬂg 36:&8u1R ?ﬁs&téﬁfxﬁéﬁfg%ﬁ%s e rﬁ@%seé'%ﬂ REULS TOEANG. 5,027,662

can be stored in requency 221 of the storage
to Titkive Bt 204nd Thimcbrpenated hyreimbye refdenee.niThe thass dowt tate is related to

theomeS et OFJON Fasrial in et SRETRDT B Wev s B
o5, SR P USSP e MRVl or e e o
rateas e The Qeer@efddrmass 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.

FIG. 3 is a flowchart 300 of a method of processing sensor signals in a Coriolis
flowmeter according to an embodiment of the invention. In step 301, the first and
second sensor signals are received. The first sensor signal can comprise either an

upstream or downstream pickoff sensor signal.
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The tine difference (Dt) routine 217 determnes a tine

difference (Dt) between the first sensor signal 210
war@etibm2second sensor signal 211. The tine di PEPUSINOQ019597

(Dt) can be stored in the tine difference (Dt) 222 of

t he storage system 204. The tinme difference (Dt)

confr step303.tbe samor ailghylstchn bdeveaditioned Iherseerdbadithedt, the

t he deter frequ , and is.there u to
Cortf’éﬁl%f%lﬁg can ieddrAlteried TPaoye Dok aPﬁ&%W@ﬂ%?i Sy, g‘ﬂ
I
em LA, 83 B1EAc UG B, IR Bl A ore o e expectd

fundametig fiteheernbst efithe Qediofib dloev wicfet 6t dnaddizidf, athdr ¢drelitioning
determ ned frequency 221, for. exa

in ord to .
Op%éfé@?fﬁpqqné?? ﬁ%@g@eédwcbuaé@a}pkﬁcaw nﬁ%&%&%r Pist &ﬁ@e sppsor signals

lo A9 '
oot ha HEHAS BRI B Cuffict St ol HEAIRL bPRulfling,
dighti2ohad®] @citensh that afedferfrmrtlie orddneo btaaltice digital sensor

characteristics routine 218 can determ ne a nass fl ow
sighalse fromthe tine difference (Dt) 222, and therefore

Thetd SPRAPS: 1 Pelsci IR R S0 5B AL AR Ges phase
shifl coOmpPRe8 A100NRer & (Haide 6% dfQhd bddsersi@haldl The %ﬂ@egr& phase shift

I ncorporated herei'n by reference. The mass flow rate
can be petfatnest byatshmanegoifihase siﬁftfrn@hamme@n @peratmrt H[@ one

er as 10. .Li k vmse ow ch cterls
e B Q0 dbares Rgseigt il Ghing AABRSSGEARS? operating
ontdg%qta‘l'géaﬁ%? QW rate 225 The determ ned nmass fI ow
rate, densi

, and volume flow rate can be stored in
t helmsep 30Hpa\ph@bei1ﬂ‘€r3nc¢ becotlgnsed, psi2z4he aingld SPOadegree phase
vol une 225 of the storage system 204, r espect ively.
shiffg d‘}x@dlaﬁnaltm@rmaaw eHanBe bered Iadehio GRNRYS Mg dilference.
In éﬁ) gébgél;ﬂ?el m&ﬁgc}( k)ﬁ%%dﬁﬁ?ltegg ie%&nﬁb&f %g@ggﬁiﬁéosgng&%gnal the

secdn@dRdhsorisiknal, Gadited sifglel sy piase ehidi. IMbhd phade difference
enbodi ment of the invention. In step 301, the first

comptiseserphnse sifferencesingha respape Figemi Aedin ampiekeff seasor, that is seen

or Si naI e either a tream or
aGfFeGE f@wﬁmt%sgzﬂ%raﬁn%rr&&% ATV 502 the
SeNgPe r fhé‘s@ 'ﬂli‘?@reﬁ@ﬂ'deté?ﬁﬁl‘i’ed Wih&nehe abQforany frequency
the conditioning can include filtering to renove nol se

valan dn treneaididatici. ghisd sesulting qﬂnaseednﬁﬁdmwe ran be lobtdindd mpcin faster

ha%fagﬁgq%ggﬁ Rk P LoF B MERSY ha R e st i erence has
SJ’ ac%urac? (%l?ﬂng%ﬁhﬁg gﬁﬁ}&%ﬁée &aﬁ&?hfeki%h%ga Egﬁe‘?ﬁ: ons

as anplificati ng,

Et C In Isﬁ‘epBIOG 5 Gegwncyiig campuednitieSeeqaoatogecording ks the invention

the step can further conprise any manner of sanpling,
is advantageously computed from the 90 degree phase shift. The frequencyin one

embodiment uses the 90 degree phase shift and the corresponding sensor signal from
which the 90 degree phase shift is derived. The frequency is a vibrational response
frequency of one of the first sensor signal and the second sensor signal (the frequencies
of the two sensor signals are substantially identical in operation). The frequency
comprises a vibrational frequency response of the flowtube or flowtubes to a vibration

generated by the driver 180.
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digitization, and decimation that are perforned in

order to produce digital sensor signals. In step 303,
wa2®bngiseo 90 degree phase shift is generated. FOBUSDO6/019597

degree phase shift conprises a 90 degree phase shift

of the sensor signal. The 90 degree phase shift can be

per fldlerfeaus S Perived istbtained witbppt the meed for any iodependent

' . ' . . h
S B, TR 50, AP P, e o
shiffindr0opeRhtieMats mudnRk®r tHan if tePpB3eidart.aTRO 8&AIting frequency has

difference is conputed, using the single 90 degree
a gypeiseacshracy thawa fteiaensdy datdudatedin e psion agh so be used

et 0% ERESpRRsLs PR sebond SR Bpmedo o mape fow rate s
colrp@itdd fiSth (BERSAMtirY (8¢ diftdienRenenHe RRNRR E&?%?Ey c8futed in

the single 90 degree phase shift. The phase d €r enc
stepe FP# iage S04. hinadditidif the meass €lownratheompisptios ears c@nailite a time
d.e., gn i ckoff se r, that, is seen due to the _
digizenes (AD) Bpue nwse siéfeprmise anf e Freduencsswihhs tim difference
; j ' ]%(F j rmned w thout
(Aﬁﬁllﬁlgﬁ%gggﬁgéﬁ%%huéﬁgg va %éeﬁ?\g‘?%iﬁé cal cul ati on.
The Instepl07nthepivasiey dud dsticiats beatetdmindd. aliededsite kan be
faster than a phase difference cal cul ated using a

determinedras,neph e Hew) dhpragtesistiss aarops be determinedafrom the
freQlLE ForASGHIRE Y than a phase difference cal cul ated
eg'5| né’a freo

bericy. In step 305, a frequency is

comintrg.308hthelvVataiie fiow AesoftbitibnbRy bBletem@iHd. Orhd Folume
advant ageously conputed fromthe 90 degree phase
floghrate canmpredgtemined ey ongobithe ftavh cbiaraetntisticsesnd ban BOdetermined

degr ee se shift and the correspondi ng sensor signal
ﬂ%g}ﬁ%%gﬁo"{]ﬁ e%a&?eeg‘?eé’éﬂ&égg}‘%‘ﬂg t is derived. The

fr eqyeng ¥hdws ﬁle\/rh@t'é?teleeﬁ‘&}liﬁ 88RO ﬁingrts %gleeﬁ%’od%iem the

of the first sensor signal and the second sensor
inginginal The kEnientsjineromi@en ofitlt AES. Dshaseths Ganki rgfeadriealgbers.

subgstantially identjcal i n operation). The frequency .
ConpItF SRECTEIGAERTE S (s wabrdiont B fles Erefirst pasot signal 210

and HRUBR Qinshd QBEMDAT. Ui RERLIO0ACHPY B BELY 1Nt and

river equency thus

- seatintii{digital) kenste eibrfaly 2 ldnend Tdepaidents det@migN6Ne or more flow

reference signal. The frequency is obtained fromthe
chaypefgrigtiodrers ghesigprlas dsqmetipusly digsussedr theiome or maereiftow
ster n. t he i or

h .1, -1 han i . art. The resultj.
chqRARR Th T80 b BuelfoBeteibe & remikcy, 4 g ifhpnce (40,0
mae@ k6w @t d defisity)an@lok @voRirhe bW 1Btefor AMBfoR dReal | OW
rate of flomgnaterlal is conputed. The mass flow rate
i s Inthe 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.
As was previously discussed, the storage system 204 stores a phase shift routine
212, a phase difference routine 215, a frequency routine 216, a time difference (At)
routine 217, and a flow characteristics routine 218. The storage system 204 stores the

first sensor signal 210 and the second sensor signal 211. The storage system 204 also
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conmputed fromthe resulting phase difference and the
resulting frequency conputed in steps 304 and 305. In
wa@adaeti229 the nass fl ow rate conputati on can BPONPS1066/619597
time difference (Dt) fromthe phase difference and the
frequency, with the tine difference (Dt) being
stondstd frest 80 ylegse phage shiftBl 8 ent hseomskod Hegree ahae shrft thtag pre

gelgeg’%@gt nqsflgg%r o o%gg&lol ebrg‘fnq‘? ﬁ}g tﬁ% aracterlstlcs As was
pr&/jﬂd’@“s Hﬁ&'ls% d,Gfe st e%%‘teﬁﬁ?@?ét@fe@"tﬁ@?his%%f@f&ﬂéﬁce 220, the

frequency, for exa 2 I'n step 3 he vol unme flTow

freqaérecycfml tit timadifforetie (de) 222yithechassTiewvaleldP8, fHeadensity 224, and
rate c be determ’ned as one of the flow

thecyolpmest W@t?gg and can be deternined fromthe mass

f | o Iy )
OB O o B e S R s,
mdllﬁtﬁng rcmem fie serlsoe sigh&IMEI gnd ¢h mamewnd/\sdnhoﬂ-'d1@al 211. The phase

share the sane refer'ence_ nunbers. The neter .
shigl rowtine Al 2 én owe pmbediment rpplemestita Hilbei dasstora (fispagsed below).

Tho 1F s R AR5 RO BB E BRloeRi g f fing the fist 0
de%x%@ gﬂase( $Hifih 3lahd $IRNRbn S DO WL hAsEHIft 2131 AdHiRsEier

term ne one or nore flow characteristics fromthe
infoigatadrs canialsp be uswlisl oydeti tocosgaits thetphasméifisrenver dhilpbase
har acteri sti.cs,.can .i ncl ude e.difference
aiff e Ehoayre S aBSa  PorBEe BRI S Hastor pigaph D10 thesecond

se&%? §f X 280 %@ﬁrs@9@ 915%[’6@ Eﬁ&v‘%ﬁﬁb?ﬂ Ad thB8eddr@W0 degree phase

e enb nt s the processing
Shk‘ﬁ}@ﬁe nT]i’é)&etdlenmedrphm differeht®varcbastacddeini the phasefd1ffmence 220 of
only the two_sensor signals 210 and 2 11 t hout the
thqﬁ@@gfs svstamn2(dx eepieyioupyedisaisesd r{‘éla%nlﬂaéﬁé‘%ﬁf\grsmﬁ when

de%th%]ldtus][ﬁth@ ?io‘rgt afna d;?%q gﬁﬁg ngffse HiE 5‘? Xalﬁtﬁta%rdea@ﬁ%btained

processi ng S an determn

mdcﬁ?féiteﬁ than il afepribirfde rEms ea@pﬂ)vﬁd&‘a f:lﬁti‘@ul eEyrchscim fldve meter
two sensor signals 210 and_ 211. gﬁfev' ousl|

applieations baving heghsflow agles oy sthern mgktl-ﬁh@ﬂe Ve W@e}/rsqf#dltlon, the

phpsRaliRRoge PP A3 T s GlnRaaGor i REuet o s ey sienals

218 hhd 2309 Morkb oW, 6RALaCH8Phasd &i%’fef‘éﬁé%'l@ 8etédBined li‘1"’?dependently of
storage system 204 stores the first sensor signal 21

theafrelqueney.secana eamoentsinghaphdseidiffertihee does g euﬁ‘ylsfrem an error

204 al sgstores a first 90 degree_phase shift 213 and a
CORIPEBFHY 3@%@5@1&@% RESEMLIP: 1 halleh 8 N9SoBRAUBEInNg SFAT 1n the

ph&%ar fe r | s | cs nf. 'Ol ﬁeﬂt ﬁfé y&{dd% Ql?ffér@%cef cjtnﬁcéi‘ is reduced over

was p eV| cussed,
a phhey differayxstofnhepdorsarnr es t he phase difference 220,

the 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
discussed. The frequency, when determined from the first and second 90 phase shifts,
can be calculated and obtained much faster than in the prior art. This can provide a
critical difference in flow meter applications having high flow rates or where multi-

phase flows occur.
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frequency 221, the tine difference (Dt) 222, the nmass
flow rate 223, the density 224, and the volune flow
WO 2106/12229 The phase shift routine 212 perfor nBCHUSD®06/019597
degree phase shift on an input signal, including on
the first sensor signal 210 and on the second sensor
s i gihb tiddeldifferemncp fADeonting 217 deteimige a 2imadififeeence (At) between

heaRo oMM OG0 h9 SrecHE serst EiERal i Tk By chaeronee (49
argqg o egf fftRe ﬁﬁfeedlgél‘geglgg &5‘? 20b T thdRofRg rs?&e 2 a§ Bhdviously

the secon ee phase shift
disédgbed Thakimadiffersice Qﬁt)amm;missmsdtfstanmaﬂy |t]me dxttdnmnbd) phase
ute the phase difference. The phase differenc

divides) B sciesngd B@HRIGY cdris Shereloee Rieddo fgéqﬁ%wae the mass flow
ra%l gnal 210, the second sensor signal 211, the first 90

‘egree phase shift 212, and the second 90 degree phase

shi fThe 2lbdv cHarectegitRi Toligek Pitacs dbtériineoae ot aordef the mass flow

stored in the phase difference 220 of the_ storage
ratgythe danstys andler theevalome (flpverate @8 Peeyionshe disgussed.

00 ERdcs e Pt enat Sh6 B it b de i R AL R RO

gfnﬁl%tlﬁ i ddlis flowABteP b QrdRklo af Rirfbod@te® Fthél érv@ntion. In step
critical difference in flow neter applications having

50hj thh firsteansatséznabis rebeived. nixl ¢rie-gyhlaaximehtse frst sensor pignal
additiq t he ghase di.ff erence c{a{n fébe deter ned
COMPHERTS ﬁ@nep ERE0 PF HQYBSHESATLPICKR SSRHE SFend) -gnal s 210

and 2 %R \é@EonéP gﬂzpﬁs R-P@ﬁf@d.d i HRE ERGBdinSent, the second
determ epen ent e frequency, an error

semﬁptgﬁﬁmompnsteb eithbes éo@nétfeaﬁemsﬂ@em piokof§ sériser signalnf.e., the
an error conponent of the frequency determ nation,

opposte, Oftth@flésﬁsgnﬁ%st&%ﬁoundl ng error in the phase

di f t
R i e R T e
cohiiBoBiWan #dludd FiRtefif @ CHHRALI e rdilel smﬁ whikfarfiel gpnalpetn ene

frequency (such as that exhibited by either the first
errsb@dsm:ntsthgrfdtermg@amcommse e@mirﬁa@efﬂg@m& a@préﬁw%b) discussed. In

o35 el RACRTOR 40 SEOFHoPS ol fh A Dcation
buhfeﬁﬂgeé%&ylﬁﬁ@ s&%o?ﬁi%h@ﬂ cofh h@@ aﬁﬁl@% YRHak, @f?e]stéﬁzf %M‘ﬁrther

stordge system 2 as pre |ous y di scussed
compﬂquemzmanmﬁemf sdte'q:émg; digitifatiom driveddcimstiomtivit srequmnidrmed in

90 phase Shlft? can be cal cul ated and obt ai ned nuch
Or‘ﬁ%éP@FOC%W‘FEﬁth ﬁ%obﬁligaﬁ Sart. This can provide a

i ottt P BRI iceBed il PR B PR TR i phase

shiﬂ é@nﬁﬂﬁd‘s %r%@e%ré@hasé Qhifi ofxha ﬂstd;ehﬁfrmgiﬁﬂ; Tht Dorelegree phase
difference (Dt) between
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.

In step 505, a second 90 degree phase shift is generated. The second 90 degree
phase shift comprises a 90 degree phase shift of the second sensor signal. As in the first
90 degree phase shift, the 90 degree phase shift can be performed by any manner of

mechanism or operation.
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the first sensor signal 210 and the second sensor
signal 211. The. tinme difference (Dt) can be stored in

wo b@ot121529 di f f erence (Dt) 222 of the storage SPGI/EA2006/019597
204, as previously discussed. The tine difference (Dt)
conprises substantially the determ ned phase divi ded
by Inhstemlf0® rrhassdiffeeencerie gomaneditetwerer the diret sesswt signal and

det erm ne the ss flow rate, The flow gharacteri st

the PR TSRSK el eI PR RISE SBHT SHGUEReeord Gl legree
I t : i:

P2, AR bR ehn L8 QLT Bl e s

differdnized I bnpembedisieng the phtseadiffesace inddetemsioed Gognthledirst sensor
ina Coriolis floweter according to an

embodi nent
signalethesgernd sason sienal.dhe Siost 90 degres phase §]é‘%% 6’3‘9 ?}ch%gpr?c; Q0 degree

PSSt e ARSI Pl S0 SRR e s,

i.e. SRINBO twb ipBdkAKE sehBors BBt 8G2en tiketosthe Autic Rkt i tyeaibrating
I's received. In one enbodi nent, the second sensor
metsr goeimdpiPri ses either a downstream or upstream

CendB sl ass firalsead dechip-d3RRih Shed Iy 4 fhavency
valfi® Afiiel @ANQahtich TRGQITRAL bABRIdiffbhacs eadhé bBiaiMRd idth faster

Include filtering to renbve noise and unwanted _
thasiagpimkes differermeeaknirded nsing a frdysendy. t Ehe regulting phespdifeeence has

2 CERRAT O RO R SRR 0D L PRE Soritisac
per fﬂtﬁ@%%%é‘%@cgm&ﬁ el 9he ﬁ%g{lélfd'g: e[sbgortcﬁﬁffto thk invention

t he"sensor ’sign onprise anal og sign e step
is R@AnthpedUsey caopied Senathe fimndedegrte phagel shify and the second 90
digitization, and decimation that are perfor

! ! din .
degseeiphaseshiff.o fhe Eredneficy an o8 REHPAENEIH A1Ses thﬁﬁogeéﬁe%@ﬁse shift

angle SRS DR S HoulP RSB RSl s rvec.
Thé hiephe&fy it B&/ibrafishal $@9§>@g§e gﬁ@i@lcy of bge 90tIttefiseserpbesignal and

shift can be perforne i %/ manner of nmechanismor |
thesyeeomt $emmor signad fdedraspaneieno! theiwogensis gignal g sebstantially

e RS ELR 3ihtsBorHREEL VBRI BenBBRtghiiiee or
oA WG BesStY 4 VibliREREEAk &by HeairiRsaBd. 90 degree

phase shift conprises a 90 degree phase shift of the
sec@hd fizgnemy thugdaivedAs obtainduewithowtth® featblyr @sy pindependent
hift, the 90, d h i f .
freauéncwﬁf%gncgfsigng .r%ﬁ‘e ﬁegﬁfnc%é o%tafnaeg f_%)(sm i 58 Eigger%e tI%ase 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
computed 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
difference (At) from the phase difference and the frequency, with the time difference
(At) being ultimately used to compute the mass flow rate.

In step 509, the density can optionally be determined, as previously discussed.

In step 510, the volume flow rate can optionally be determined, as previously

discussed.
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mechani sm or operation.ln step 506, a phase difference
is conmputed between the first sensor signal and the
wa@ewenarsgensor signal, using the first 90 degre€eT/phAas€019597
shift and the second 90 degree phase shift. Additional
informati on can al so be used in order to conpute the
phaBle. di i fadileckcdiagtam 60@ ofaiportiomeofithe prrsepting system 203
difference is determined fromthe first sensor. signal, .
acopiding KCBHemSRNERAT of JRANYCRRB: 17 fas Here s WeClsgBissert either
ift, . . h i f %
proffipllciftifict B pREEati ANERLGMARTIRE LI gl ORI AR fudes o
stageeB PRBEBlosk 04 a stage? filienbldek G0BPa plilblectftfarsforsoblock 603, and an
that is seen due to the Coriolis effect

farsor .

analy by biops Qoo T8¢ LSS oA RY OLOUIRFoTisi s |56t pkedgsignal input and
di £ N t i '

thepia Gshop et 0T BRBEEA IR 4RSS QT SRR first sensor

siopflase difference can be obtained nuch faster than a
phase difference cal cul ated using a frequency.

The
r esln eneembodiswent|iths stagnt diltenblogk 0 andrthestage 3 dilter kiaek 602

a phase. dif.ference cal cul at ed si a freguency.
cordplys el Lynfe ERGGIE oro R DM e beRet PRQYTERE e
i ' ' PN03 S heslethod fi
i IEERAA o R i) TR agaRul Pt o
filtetbg aed ddmsatingiohe or Both sensyusegnals, withathe fdiebingiandslecimating

.uses the 90 degree phase shift and, the correspondin
beigg @sﬁprrgﬁg ﬁ%‘%@ﬁﬁ@ﬁwﬁﬁ?ﬂn@_ gifd tigey %‘éjg?’féﬁe pas gegma%f’n%%te-
[, .
AEFNE, ol ERUEPk B Pt MM PLERREDTE7 o compri
InfifeIath SR BesHoasOImR) {{ltdie of betgy enicibds dipfitat fikketswm filter processes.

sensor signals are substantially identical i B )
Howjsaea it opld thandarstgod thay othsibliesas Procgsiss ander diltering

f the fl . :
e SRS SRR g I RSB LSRR e coims
t hugr@er ki d&a ot Ha byt irh@sforrh Beookestd dcobrdisiy to an

i ndependent frequency reference signal. The frequency
embedinienaiofig ihwemtiarhdndbe defpdisast sbevethe fhilbert tagnsform block

oo SRSl bt Uy R B AEL Pl ondlfonncuces
P &éinP&%k%h GH tg)?}a?]% With TP OHIRE biSck- 702D 15kERisEOBe FPO branch

nass ow rate ow material 1s conputed. The nass
inclldewah RRO idelayipekt 2 formanalidi evittesuRPONGltgrHzsek 712. The LPO

deley SAELE ARUNSREO AR AR B OGRS gl The LPO
| ' i f ..
BRI EAGRTIA T, SLRESIRE: (POl g

sighhlf dagt | ac@afl &e)chberiodggitaltyi Iamdréh Yimesiadt the IRDpud &Phéigital signal
nmass ow rate.
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

£L

the inputted digital signal samples.

The Hilbert transform block 603 is a first step to providing the phase
measurement. The Hilbert transform block 603 receives the filtered, decimated LPO
and RPO signals and performs a Hilbert transform. The Hilbert transform produces 90
degree phase-shifted versions of the LPO and RPO signals, i.e., it produces quadrature
(Q) components of the original, in-phase (I) signal components. The output of the
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In step 509, the density can optionally be determ ned,
as previously discussed. In step 510, the volune flow
WO ai06/1z829 opti onal | y be determ ned, as previ ouBCHUS2006/019597
di scussed. FIG 6 is a block diagram 600 of a portion
of the processing system 203 according to an
Hilbenodinstorn ibck 063 ithereford provides thdeew iqgadrature K@) bbmpksents LPO

Q el RERS, ffioe i P REERRb R ok Medoor iRt B0 T and RPO .
St g dnfid thetiRcd: 8oy BIRAT03 b '&%@%@ﬁﬁ 802,

a Hubert” transformblo 603, an anal

604. The PO and RPO i nputs conprise the left pickoff

Si gn%}rgﬁf%lagtcogﬁ’% the right pickoff signal input. )

Eithzepot:hgroLongaQn_@he RPO can conprise a first sensor (3)

signal . | n one enbodi ment, the st age 1 filter block

601 and. the stage filter block 602 conprise digital
Usmgﬁmé{lih%ﬁr%%s?m YtheRymSE| yphase deci mati on

filters, inplenmented in the processing system 203.
ThesePd),)} er4,, sindwi)de an optimal method for filtering (4)
and decimati ng one or both sensor signals, with the
filtering and deci mating being perfornmed at the sane
chr g Eagpotsiwféﬁaﬂ at the same decimation rate. ©)
Alternatively, the stage 1 filter block 601 and the
Cothiififgahé bﬁ?ﬁfal Rl-Rg kvifiPihe Rl QT Bfbér tdaféfofm lyiRIEL:Se
Response (ITR) filters or other suitable digital
filters or filter processes. However, it should be
unde]L‘B(p&o‘qilpo[d@(mtg)tytﬂgﬁ(aﬁtb]lzt g;l;‘jeﬂg’) processes and/ or (6)
filtering enbodi ments are contenplated and are within
the scope of the description and clains. FIG 7 shows
det BRPO 6t A fheostimbed )+ isin(wé -l W,k 803 according to (7)

an enbodi mrent of the invention. In the enbodi nent

sho t tran ' .

or oS8 an 80T iRl R A P36 S el bR o/ analys
blddkad 04dRs oI detrafodiheekoFtht ihverfidhalThel analyisty HotlPeD4 is the

filter block 702. Likew se, the RPO branch includes an

fingbgtagrephiie Bregorncy, differantial phiese lndideha I{ARPoessurerent. FIG. 8 is

bl ock,.71 The LPO del bl ock..7 d. th PO
PhReGR 9 2047 BBITE S T AOLLGREE” BB i choe from the
. 7 | . .
B e . { e ey eRtion 604b tha

detehmores ladgiquahty fioat the iniphasen@) sivhquadnatuteR@Q acnaniRPEnts of a single
di ?ital . gnal sanples that are filt rg‘% b¥i tt‘ie LPO
seRSof sighaly| HRSINGS Sehrer Sigmakeny ¢quprese e bE sighal, ghshqumgor can
i1t . : RPO filter block 712 perform
a“é‘*%%‘z%?g@ls%g‘ﬁeﬁ?% 4 the inputted digital signal
sanph ése 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.

The join blocks 801a and 801b receive both in-phase (I) and quadrature (Q)
components of a sensor signal and pass them on. The conjugate block 802 performs a
complex conjugate on a sensor signal (here the LPO signal), and forms a negative of the
imaginary signal. The complex multiplication block 803 multiplies the RPO signal and
the LPO signal, implementing equation (8) below. The filter block 804 implements a |
digital filter, such as the FIR filter discussed above. The filter block 804 can comprise a
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The Hubert transformblock 603 is a first step to

provi di ng the phase neasurenent. The Hubert transform
whb@wek2B28 receives the filtered, deci mated LPErEOS2007@9597

signals and perfornms a Hubert transform The Hubert

transform produces 90 degree phase-shifted versions of
poltyhkade RiecamatidRPiteri thatak sised toeremoive hprmoluic ssnigutfiont the én-phase

(D 5hBHERRES (QheSBRvHRE e ARSI SEPAE Pa el g s GRoRite the
sigh@3 Tﬂéeﬁl?ér%oggﬁ’%&g% gﬁi{lﬁé ’s@fg }ﬁ%gm@&é&iﬁaﬁ@ of the inputted

conponents L O g wth the original;,

sighl; plidhsss dec)matigniay a Camgosteltt, sor 2@mplan@héphiasge anglehisock 805
inputs to the Hubert transform bl o;la 603 can_be

deterpings e hnsa angleseore Hon-Rhsse (1) @0 ARprp QL spppnepts of the

. i t . . .
Lol R sld BoRpD Qb oI RGy BloP BB RERTEs caygipn (11
shdv) bélexhi ni ng the original ternms with the output of
the Hubert transformyields: LTPt>0 -= Al] PpOo = )
j AcThp pbase prtion pO¢ayhmpondilty § isaiements thy follovgng egpation:
+f)] =Arpo e wt+f) (7) FIGS. 8 and 9 are bl ock
di agranms of two i ndependent branches of the analysis

bl oGlpA0Apaccar ¢i-ng | g areenhodi nent pf-+he) i nventi on.(g
The ‘anal ysis bPock 604%fs the ffhal “8tage of the ®)
frequency, differential phase, and delta T (Dt)

wifFE SRR sortnl Sl B 4 s R onte Trom -

the in-phase (1) and quadrature (Q conponents. FIG 9

i s alfredugresl portion 604b that determ nes a ®)

frequency fromthe in-phase (1) and quadrature (Q
thepomponents of a single sensor signal. The single

sensor signal can conprise the LPO signal, as shown,

or can alternatively conprise the RPO signal. In the

enbgpmeppoat LG 8421k ortion 604a of the 10
anal ysis bl ock 604 inc[l %S@gh?giﬁgﬂbl ocks 80la and 801b,( )

a conjugate bl ock 802, conpl ex multiplication bl ock
Thg@@ul%ng&ﬁ%@@ﬂt@ﬁ@@@segggg ¥nd a phase angl e bl ock 805.
The join bl ocks 801a and 801b receive both in-phase

(1 ¢a=nganq a,qi@yjﬂe (Q

cos(¢) 4D

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.

As previously discussed, the join block 901 receives both in-phase (I) and
quadrature (Q) components of a sensor signal and passes them on. The conjugate block
902 performs a complex conjugate on a sensor signal, here the LPO signal, and forms a
negative of the imaginary signal. The delay block 903 introduces a sampling delay into
the frequency portion 604b, and therefore selects a digital signal sample that is

chronologically older in time. This older digital signal sample is multiplied with the
22



10

15

20

25

30

conmponents of a sensor signal and pass them on. The

conjugate bl ock 802 perforns a conplex conjugate on a
waemsae7539 gnal (here the LPO signal), and for nBCEHUS2006/019597

negative of the imaginary signal. The conpl ex

mul ti plication block 803 nultiplies the RPO signal and

cutrhat dipitalsigyad iin thermlnmi@n mtﬂig)la"qugtl bkm:k(%lﬂ Biéleorompitere

mpfgfiiePrite 0 meBR B aa bE0< e a8 piq LhSigopbieefi il
im?%ér@i’i‘l@ré (B8H&PAlY PRRRE “Fﬁé’ﬁl’f@ttlbl@@k bos 4 Rle&ﬁb’i‘ﬁs 4 §1g'1‘b§f-‘ﬁlter such

o0 renove harnoni ¢ content fromthe in-phase
as thesliRafilterepre Qouslynfisnmseds Tae filfee bk KOO c&ng:naipnsas polyphase

well, as_.to decgi mate the signal The fi
degipation filies fhat ds Hsqddo LABOER %@r&lfa%s%ts H%emﬁa@ insphgye (1) and

qutil%l,%t%r(@) ?sza ﬁ%&ﬁ%hf theUeRs 2 Si %P' Eék tg? %rﬁzﬁ@ﬁ%rmgﬁal. The

e phase a term ne

filteh eo@ffieditodi@l e dhosen td‘lprowr&epdmamt(dn) ofethe igpuat atgna such as
(Q conponents of the LPO signal and the RPO sifﬁnal.

degiggatipndyea BstreldOox egeglpi 1&1@%?18@ apgleednoQ deteﬂnines a

P80, TRRAZSF RO Y0D GURl i fo g

THMRR@Se aﬁﬁl@@l@ék%@q erﬁ@ﬂts %@ftﬁ)d—(ﬁ@ jusitibh 133)%@@% The constant
i iy

conj ugate of sum ng that: o =A(9)

blodke¥)7 s_LmeW@cforAzmppr@I)g & sampleo‘a‘fe) -dl*gudﬁq gy]tw() ;p@,) as shown in

capdk g g PR GFion o B T o b opretie Of eduion (14).
analppl e pleRGK @@ﬂ)nmgrlgfﬁ:[@nérﬁs HR&ol18 ﬁiﬂ‘uoﬁh e

frequency port on 604b c operate on eit the left

or right pickoff signal (LPO or RPO. The frequency

porti-en 604b in the enbodi ment, shown |809I Hdes a join

bI ockP@on* 2P Qenplexe coﬁj Xidaie bl—oékfpog a sanpling (12)

bl ock 903, a conpl ex nultlpllcatlon bl ock 904, a
Tk{?:dgg%b%@%tvggéoréﬁ%cﬁﬁ‘@esﬁn §tﬁér9ﬁf6906 a constant

kK 907, and a division ocC 08. As previously
di scussed, thenE0|n block 901 recelves bot h in-phase

(1) &n_dwzq QqtO@lcdnponent s of a sensor signal (13)
and passes t Rt Ther_ 9 nj ugate bl ock 902 perforns a

conpl ex conjuga e on a sensor signal, here the LPO
signal, and fornms a negative of the imaginary signal.

witglpisthe s3din Hequensy qf, ﬁ§¢~ bsiuaels off LaomieriiRg y into
the frequency portion 604b, and therefore selects a
digﬂ}al &rghal )sapl e that is

po — 217

(14)

where “Fs” is the rate of the Hilbert transform block 603. In the example previously
discussed, “Fs” is about 2 kHz.

FIG. 10 is a power spectrum density plot of a pick-off sensor signal of a flow
meter under normal conditions. The fundamental frequency of the flowmeter is the
tallest spike of the graph and is located at about 135 Hz. The figure also shows several
other large spikes in the frequency spectrum (the first non-fundamental mode is the twist
mode at a frequency of about 1.5 times the frequency of the fundamental mode). These
spikes comprise harmonic frequencies of the flowmeter and also comprise other,

undesirable sensor modes (i.e., a twist mode, a second bend mode, etc.).
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chronologically older in tine. This older digital

signal sanple is nultiplied wiwth thecurrent digital
wak@aab7sen t he conplex multiplication bl ock 90BCT/UE®06/019597

conmpl ex mul tiplication block 904 nultiplies the LPO

signal and the LPO conjugate signal, inplenmenting

eqUBIG.d shbR)s alneﬂtematiﬁbéﬁtbdrt mmnslﬁomck10919508rqﬂcercbm to asingle

phag;e g@%@%&&%@& f-]{ @%&&E‘% maguly ll{g(?ﬁp El}r’lgl\élls %Hqsbomment includes
a LE@J MRAAs ?1&?5&&@% kltr €1 14. h’ﬁﬁe L?O"ﬁ‘%ﬁcﬁ P16FHRURles a delay

arnoni ¢ cont ent e | n-pnase and quadrat ure

blo€i70t npantisl withh filtee bbekst2. ST }@ri%lPO basnohel 1106 thxs embod1ment
decimate the signal. The filter coefficjents. can

inchidles enlxt c"od@abb gk i iAo B 4 PRpk ?@dlf%rog‘ﬁar sampling

h
B L
dlgitBEmgﬁ‘al RBapee. (It shand be wadedtosdahitQltcamyenethe $itiert thansform

LPO signal . The phase angle bl ock 906 inplenents a
blopbﬁOBowddpbwasﬂmibmstﬂ&) @Isighal.The constant bl ock 907

o BB RS e B oS i 88ty one
serﬁbpﬁgmﬁ% P& O WBEvE BEthdhY r&g cS’Fh@rGQﬁé pRasefdiffareatd @Re FIGS.
. The frequency portion b™i npl enents the

2- 3f)o fIlhm/mglgtﬁ(eqmtat recducesl.tﬁ@nmnw n§ compytetiensinecded @epex&ﬁmn a phase

poe *- e bet onsecut.i ve
R g b L St R rf ey JoRsnRER S Botain the
1 off Converting to Hz: _ )xFs ZTt
ma\%\ﬁgé\g%%,, is the rate of the Hubert transform bl ock

6031n this Etbodixenplthe pupui ofdleyHithescuamsdolm bleek 603’ Will provide
about 2 kHz. FIG 10 js_a power spectrum denslt%11 %3
thec;fuadr%w@KQ)fcpngn@ﬁg@rofg@ﬁg hedeft gr Fightvenaeerieng gyt not both. In

nor mal ndi frequency of the
thergxgHmls @?1 hteglgﬁ?gfg%%l [S Spi gﬁﬂhgbt he graph and is

| ocated at about 135 Hz. The figure al so shows several

ot h ar ge es in the frequency spectrum (the 26

firgtrpénor@ﬁ"uﬁ%?bk ntal node is the twist node at a (26)
frequency of about 1.5 tinmes the frequency of the
f undar@et ), cos@e)-¢)These spi kes conprise harnonic 27
frequenci es of the flownreter and al so conpri se other,
nd S bl e se sor nodes a tw st node, a second

H‘} It tgqns! ﬁmFF@OTEuéIEW ®inh al ternative Hubert

transform bl ock 603" according to a single phase shift

enbdd@yppt = Apeinfdert transform bl ock 603" in this (28)
enbodi nent i ncl udes

RPO = 4,,, cos(wt + @) (29)

Combining the LPO original term with the output of the Hilbert transform (i.e., with the
90 phase shift) yields:

LPO = 4, [cos(at) +isin(wf)] = 4,,e"™ (30)

lpo Ipo

while the RPO stays the same:

€2

g l@+$) | o=i(at+g)
RPO = 4,,, cos(ot + ¢) = Arp{ 5
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a LPO branch 1100 and a RPO branch 1110. The LPO
branch 1100 includes a delay block 701 in parallel
wowdoe/ 120529 | t er bl ock 702. The RPO branch 1110 PeT/UK2086/019597
enbodi ment includes only a delay block 701 . As
before, the delay bl ocks 701 introduce sanpling
del BYS. 12shdyes e @nalyisis Hlodk e4ab ferctke sm2lqphdse shit embodiment.
degree phase shift on the. inputted digital .Si
The S as NSO i1 W SHOSH BgbheTirEs Oﬁﬂ%iﬂr’?i?ﬁg{@lythwmplex
> b y [k ghMist
T e P oot RS0,
The maslyfie bidgkhERle’ dhitfit embodinient onplepentsdhe $olipvaingiequation:
order to derive both the frequency and the phase
difference (see FIGS. 2(- ?’% Tgi sti g£1ni fi;ant |y reduces
t he nunber of _conput dte/ @S 1ebti¥d | t of perdorm, a,.phASe swi
e Qﬁnﬁwénjg&s’iéw{gl canty red Eesﬁgt?e& r%%é?lﬂgf"ej( ¢)]
conmput ati ons needed t0 obtain the-mass Tlowrate. In
thi s enbodi nent, the output of the Hubert transform
bl ock 603" will provide the quadrature (Q conponent

of dhthew-pasefiltef blook 100 §bdmpass losi-gas|filtdp hatremoves a high-
both. In the exanple below, the LPO signal is_ phase

freguericyewmpopentpradpesdlos the copmieRmaltiplicaen blnpgki03+fEhe low-pass

BT8R 51 B ELA oV S5 BBHTER g s

of SRRLRIpHgatieopd2RiO peidnses Ry tetik.t Thé Rantok tp YO Plerm®mbines
Hubert "transform (i.e., with the 90 phase shift)

ang sishplfiesito RQhasexboply @ ders( (& PCuiesult) sineg the{Apppoandl the ot) terms

kb b LI BEOSL2NS, P, SORELS e SHE, I
freg{rll%%bg‘l, Ghte thy}?sul.gf;ig lHS bfin %!f?ocgrln@sg f hi%l’i f%e:'%‘[géré%/ ngp2lcoet Q—@) term can

ment I nc one join ock 80
bemethbveal. i Tlad only sidrat bf BOGestdherois-tha®XC ferint efhetthigh Krequency (2ot
01, and a_ phase angl e bl ock 805. The ?nalysis bl o
1

12 k
+H2Hdaran cihbe Filtsred MK @ Rsresulhpsiagelpy-nase ity | Bog ﬁlg-of%of the low-

ST ek it , (1,

| owAfas Filferingethetrbatlt isenoves a hi ghf requency

LPOx RPO = 4*¢’? = é;[cos(¢) +isin(¢)] (33)

Therefore, the differential phase angle is:

_ _1| sin(g)
j =t {.—__COS@J (34)

By taking the Hilbert transform of one pick-off signal instead of two, the
computational load needed to perform phase and frequency estimation in Coriolis mass
flow meters is advantageously reduced. The phase and frequency can therefore be
determined using two sensor signals, but using only‘ one 90 degree phase shift.

FIG. 13 shows the sensor processing of the invention as compared to the prior
art, wherein a time difference (At) value of each is compared. The chart shows a flow
material including a gas flow (i.e., gas bubbles, for example). Under this condition, the
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conmponent produced by the conplex nmultiplication block
803. The Il ow pass filter block 1201 can inpl enent any
woraowaae7sed | ow pass filtering operation. The recUUS2008/019597
the nmultipli cati on operation produces two terns. The
(- wt + cot +0) termconbines and sinplifies to a
floghaciee rsrslubst@nm@bme(dacmnrths nkw) algmﬁm‘ebetdaese( of the yatam)d phase and

freﬂugqlq(;zpqaaqqtlag anc _p%oqné;ger ; p% tE% rq(sV\% derlved by C[)he
1n{] %%H?Bg‘é’ not%lgﬁ%%tcHEQa\gﬁ%%af(s hred {/Q Lﬂﬁﬁt%‘e éeﬁe Le@ﬁin r]i)ﬁ'it&? art (At)

requenc term can rermve
m@,ls@ﬂa;ﬁ{enfsf interest here is the DC term The high
freg:uenc (2wt +0) termcan be filtered out of th
res 1% sh@)vwhedmtﬁagl@curompew aWdléligttO gnpther emhedlment of the

o B B PGP O L BB S oo
gaﬁn Fflohaastefikl ﬂbwﬁi@ﬂ&ug@féﬂ asTBaEeH IRy nieb®, among other things.
differential phase angle is: By taking the Huber T

Themagtsf elecirafico@ ca mceryefa fe¢qpeaty rasporseddidhe fawy, matssial, break
tational |oad ed to rf orm phase and

ouf PRy CoRePHSE ol Tcesh 2ab Feiy ToRaram e fuid

ﬁ@%&@ gg@&gﬁhv aha%éf&& eTihe BPEScRiof SRGHEN fite fr8uency

détermned usi ng two sensor signals, but
responsgamahdne mfmoﬂa()oﬁﬂag peefipfaesey shifponefl £8d the ﬂﬂtcbﬁosquency
t he sensor 3%‘@1?1$| ng of the inventiogn as conpared to
copppenght; drheatoid IiRRPRFH ePRPTES APy SBALE ISEFOfAREQE, Ok fraction.

Th%qﬁ ef' gle&%fﬁ@g E@j %I}eIQﬁ:) SO &etétjﬁﬂiﬁ\% ﬂgebi]ﬁé&% ERIsBEs ?f 3 fluid

.e., gas r exa

regé&dless M\thé p@@@ﬁd}é bmnomxheffleﬁwmed $@s.i S substanti al ly
reduced in the new al gorithm because of the rate of

phas"léheéhnd fargo@ptiye ary manegn iiluid ang the gos C@e@ﬁnfpmmany manner

of %g S?h%gasaqaélgqtogélprfeﬁega?qs ie%e@%%@oé%g?g% glsc%§5fo&nlé/eq a{?’c%sreé onairina

ﬂuﬁ@ e st BuldbedindRist8bd tHabthe iAR@fEnSIPRNES to dilyBasl4
shows the neter electronics 20 accordi ng to anot her
enb dalermmessrhgtsyaemﬂ(é’rm this. enfhnelimmetictanahelotle envioadfra¢tion

rogine 40,8 pish Higtapiate 1 0nrng OoppbUH BifeReudaiataines, such
as %g&‘é‘/ aﬂﬁgg Riter AIIARY 1968 Ghd biHi ass-lﬁlﬁ:r"r'?ﬁ eﬁ#@ LA RS vely, the

receive a frequency ponse 0

onB®i efdra ffiltehy erailterubutimg dan émledn: ¥ noehftites eonhfiguration or other
| east _a gas frequency conponent and a fluid frequency
filteg ppaieration et sieds AngeopHand it draqueareiponl ey Pipssssinbystem

20516 FEARIIAGNAL £3RANSE AR AR 1950 MG S 184 RS HEPAIS that can
store frequency response measurements and void fraction determmatlons respectively.
The processing system 203 can further include a fluid frequency component 1416 and a
gas frequency component 1412 that store working frequency values for the void fraction
determination. The processing system 203 can further include an overall density 1420, a
gas component density 1421, and a fluid component density 1422 that store working
density values for the void fraction determination.

The frequency response 1410 in one embodiment comprises the previously
discussed frequency 221 received from the meter assembly 10 (see FIGS. 2 and 4). The

frequency response 1410 can be determined using the previously discussed processing
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conmponent. The void fraction can conprise a

substantially instantaneous void fraction. The neter
web@etiezd cs 20 therefore can deterni ne the flpea/US2006/019597

characteristics of a fluid regardless of the presence

or anount of entrained gas. The fluid can conprise any

blogks{see BIGS.|17 and A Adeagageanly, wmpmsﬁ% maprmaey ditussed

n_conpr.ise air, for exanp The
big SB?F&%%%EB%Y dtlerBaties, bR myontion cgn fl}ll&i(b’ aggirately, and reliably
desdnith¢iRe ol 8EE800LL A gt he i nvention applies to any
gas. The processing %ystem 203 in this enbodi nent can

i ncllndeezmiwidinéntatiei fosquencst fespordsdQl,10ds defedd frbhtBEt and
routi ne 1402, and aone, or nore filters or filter
SeEQR(t JeReY Sighalh vireran Thaybpaaenser Figadls pppronessedibs thadrogessing
t t he, one
sy el D PR it fooufflthd ek e Qoh S 1AM Bhelprob il G inctude
phisd steftingooel sgusatsigmal o ppéNeHhs]Y discBEseq 0nfd @r‘l’é?étin@rfrequency

tﬂe % %% ects a narrow band of frequenci es.
vagdies oa %h§ garplrbed émﬁal‘mmi@rtwmscm&m@l@lafsr equency

r espgp raction 1418 t hat ore

frooenistteady &1 OI%r?eIQ@gC&%’é’ﬁiSSS%HHX Qyddnidherein the
fredatiedyfiengdrisera 0 kes RREId Vaﬁi RE

203 cangl?%rt her incl ude ea f UI d e ug(ﬁlé M&n‘gyﬁﬁ} FA{TZ and a fluid

freﬂn@myacmmm@as(fmdéqéé@cw anyrp(rweﬂte fregi@nty mspsﬁwmlo can

u val ues for the v fract
inch b bR Mgt f&?ﬂ&&%@s?%pogw Bamioth 2 Prcaingd 229),
| nCiFyger s 0 !
density 1421gﬁgﬁé§fgf$f%nﬁlle?fﬁ% aan ﬁgﬁw%ﬁi}zlg%atﬂ%’td and for a
combmeé aMflmldrrglm(elas ifbrya ﬁaidmslufdhfg érﬁfam/eQi ad&f r2BAdi®Boncept of the
ation. The frequency. response 1410 in one

.er
1nv§ 8 i 1i h@éﬁwl% 2 gfels shidipgyissphle dione fd%(&mmty of a fluid in the

met
el RGeS O ST o 85,05
medsired fiteqeehaysthargis b dﬂ&@ ﬂ%Wm@ﬂe% QH5§ $iR€uency associated with air

agm eSSI ngbl ocks (see FI
is g/ fropyka ﬁ@gpﬁlg:ytqrfethpiﬂg!d oliisys alss tus 9 dther gases or

gash1 ]I%geed frequency determ nation, the invention can
qui ck accurately, and reliably det ermne the void

fr aghi @Ratbdn RTalbifding! e %ﬁcﬁ%ﬁb‘)di ment, the frequency
response 1410 is derlved romfirst and second sensor

Si gnal s wher elL@m(dale_&,mﬁensor signals are processed

by the Pndt W 203 in order to obtain the (35)

frequency resp he processing can incl ude

whBla3 B B dibh e S CPHE Bhe ot b Brcem grpresents o
radianefr@firBey SdthpleSFbrs aPhedioadsr dHBerl Wi §§ Paidd. SCQH@érﬁn% the

The frequency response 1410 conpri se m x frequenc
radjanfygquengienddm frdguency fin Hertz (Hz) gives:

ot —wt_ )x F,
fﬂzud - ( )
27

(36)

This equation assumes only one frequency is present. If two frequencies are
present, as in the case of entrained air (the frequency of air and the frequency of the
flow material fluid), the new equation becomes:

2 . .
f = f-i. X tan—l Aﬂuid Sln(a)ﬂuid r— M)ﬂmd t~1) + A2 Sln(a)an f—- @iy 3 -1 ) (3 7)
nix P
277’- A fluid cos(a)ﬂ,,,d [— wﬂ 1) + A COS( an a)ai)f—l)
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frequency response 1410 can include an gas frequency
conponent (fgas) 1412 and a fluid frequency conponent
W@ bdoolet)524416. At any tine, the frequency resppaEESHId019597
can i nclude any anmount of a gas frequency conponent
(fgas) 1412 (i.e., entrained gas). FIG 15 is a graph
whek ffl dwhodteguedcyeguposy of depoise flofomaterial, iidndiag a gas
fluid, and for _a_conbined_ air/fluid mx (i..e., for a
frequegryl CoOmpPRRNT rﬁ&as}eﬁ%ﬁqﬁgiﬂrﬁéfgﬁswfﬁcyﬂoﬁ’é’gf“&mé&h@)e pt of the
| nvent { N, - inipleREntd a98W-pads filter. A low-pass filt
di sfﬁ%%&?g%§b¢1£@%9%€n§% ﬁ‘gﬂ’zlclﬁﬁr%ietyn S Igw:pass filter. A Jow-pass filter
paskésavwRéfiehaies Ehisstrmpnltytetorg b lowepats owt-ofif fiexuerBiyn o low-pass

density can be derived froma neasured frequency that
filtershensfore sen bpyised 19 omavethigh fregencie8quency associ at ed

with ajr.is al | Sii ' e f

t ot B b Porh RSy e SRR et 2 ek s, FEH P e R pass
filth pelsiisafigh faqestends Ribstaatialbphitivieat iiph-phseauerfe frefsency. A high-

where W S the radian frequency of the Coriolis flow ‘
passdilier theTeforarcan kg wieddp remeve Hvaltlederngtesf r equency

condks opleg R Podiieot e i hel SRRyt S REG b i reects a
narlfg‘\iztrﬁ%gg:'%fz]fréﬂu%ﬁﬁés tHat btef damBrélfon 36hoRR” Tt R&HtRhEPFesponse of

assu y one frequency is present. If two
thefriogciuher. é@nlarthe fregsamtes inshd notrh erac@icstast byethernmitetetlter.

il e s MY ol e 3Bt BERRSHRLrdf rpencis
' b ﬁegiugggy {eﬁﬁﬁggq%foy esponse of the entire flow
) I'n

nmat eri I'nc g a gas frequency conponent (fgas)
andIfopdrbiiich, fhemeen electonine®ntcditéd the dequdingy desperpadd10. The
filter routine 1403 inplenments a | ow pass, filter.

A
meltesel gsaronics 20t kapalisaay dhe freqraner erprBse k4 LB Histgag freguency

bel = Of f fi .
R T LR Y ol
usclfytﬂé‘ ﬁ@&é@ne&riﬂaz}]@mé o410 BEd 34O4r bR GMBBkSs defigityRagponent

ilter. A high-pass filter passes high frequencies

14 5uinsd thetflud feqabayeccanginght phléstogdeterafine theawi fiegtiomof gas.
hi ghpass filte her ef ore can used to e | ow
g et s GER: Fr SEmal S RE ey SEI P K fpquency
LR of Irlik&i ' 2655 182 PRI dBnfiAdHRom th
resg%) ﬂ%r%ggér%gg‘glsf %gga%nédéﬁiggggﬁ%ﬁﬁ aér?" notch” in 1t he om e
gaf frequeing yompepertsie 1 afantkefluid tcompbhéntatensi@n(ppuit)hiet22 is determined
frequencies in the notch fr e rejected % tg% qjoiich) '
from thegfuid frequency component 1416 (see equations 38 and 39 below). These

density values can be used to determine the void fraction. Consequently, the void

fraction can be determined for substantially any gas and substantially any liquid in the
flow material.

Density (p) comprises:

p = m(%} +b (38)

where m is the mass flow rate measurement, f is the frequency measurement, and b is
some manner of calibration factor. Consequently, the void fraction of gas 1418 is

calculated as a ratio of the fluid component density (pgaiq) 1422 minus the overall
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Therefore, the notch filter is very useful for

renmovi ng known, undesired frequencies fromthe
wo e@guersey response 1410. I n operation, the nePEr/US2006/019597

el ectronics 20 receives the frequency response 1410.

The neter el ectronics 20 breaks out the frequency
depgiSpense 1420 dividuddyt the fhdd compguenaiension@ane42244dus the gas
COand tqg f|@§§@fL§%§F conponent A 1416. The neter

BPERERISITRELY (Ryes|, 251+ FiRe ForapwiaHiey hardisdage: 1410 and

one or nore of tBe_ggﬁ‘frequency conmponent 1412 and

t he Vdidi Frattieguenly clefbonent 1416 to deternine the (39)

void fraction ofPgas:Pthe neter el ectronics 20

determ nes .an overal | density%§§£1X) 1420 fromthe

f r eddieriespltiag poidseaction®f gap fé lects ayasioadiges befitid in the flow
In#&ﬂﬁity (pajr) 1421 is determ ned fromthe gas

requency conponent 1412 and a fluid conponent density

( pf Tighduld ¥ andeestd6d BiatonBodd hethef T

conponent 1416 (see equatﬁg%s %ghg%gs%%&%gfgﬁ§3&$ﬁ§¥é4lzand
theRvidi frgguencieempenenb &4 16 sthyths nbetled ificithet fhe gasiod the fluid is

i on, ly, th id f i an b
kol oF st Ry TEbBesimantey i heaandana o dredenca sgoonse
(arf@Fensitfpéh beaskitged. AW ITREQE 1R Hlé(;ﬁvﬂ f;g% % 8% frequency can be

conprises: where mis the nmdss e neasur
filteradsouthandf ordy oee Eijtering stepeismaédedand b i s sone manner

of libration factor. Consequently, the void fraction
of o8 MeeeIPQremieesll darcericBBonRI D gl esmane piher fIowi characteristics,

SRR S 1 gPRNR Mg renen i

demsdtypetce thedretss ¢lgctt@fits20parl BE & €8rtSnichBo8 @8th the meter
com?onent density (pgas) 1421 . The conputation has
assely bP.ivheysitey metes epssmbly 10cpn comp(ig@ynPrfannemtot-flig aseter that

Lt i void f ti f . 418 refl ect
R R T TR —
Cotlelig/fidarateed i
R sk i ok amho I8 RES LB S0 Chmpr

vibpatingsdengisenietdr.i f ei ther the gas or the fluid is known.
rises air, then a_standard

o Ry B R S5 e D B e
v ARS8 OGRS LSRRI 608 B
andlreromtines insdoamhowmiithsotRE: eabodg@hisi shmel doynrel6h esfeidnBe numbers.
The %nlg’?eﬁ* euc?rv(\)lnfclg %E)ac%}l %re‘iceﬁrtniir?esé frequency response and a density for the flow
material as previously discussed.

One method of breaking out the fluid and gas frequency components from the
frequency response comprises performing two filtering operations. One filtering
operation comprises filtering the frequency response with a first filter that substantially
rejects the gas frequency component and substantially passes the fluid frequency
component. The second filtering operation comprises filtering the frequency response
with a second filter that substantially rejects the fluid frequency component and
substantially passes the gas frequency component. As a result, the first filter outputs the

fluid frequency component and the second filter outputs the gas frequency component.
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such as an overall mass flowrate, a mass flow rate of
just the fluid conponent, a fluid density, etc. The
woreaoen2Bskect roni cs 20 can be in comuni cati on KET/HS100€019597
nmeter assenbly 10, where the neter assenbly 10 can
compri se any manner of flow neter that generates a
fr edﬁléilq d¢ i3 adloovebert 16A0 ofie maast}mdi ifc;rleiutemﬁiﬁﬁgmestc&d fraction of gas in
sse cOo i se Coriolis ow neter. In
S s St o UER AR mister 2SS NG O wbhghimsofihe
inVé ti i1t I d t ha
0t S meaBbngy oAU oD E L0 b2l §2bsponse can
bevragdivebinahh enctestparmmess2 (g ol @fantpielt The sretii@icywesonse comprises
reviously di scussed., Conponents_ and/or routines’in

® IEHITBRY tsPROs iRy Vitabsameek assemblvel G niincludss Siccfiew material.
THf%LHHW h?ater}—aﬁ%aﬂ‘?ﬁcﬁﬁd@&g&gﬂegg%a%.s 20 can determ ne a

requency response an sity for the flow material
as [ineuntendlodidese tiesesueitiersgpétietantcoRpidk b MstQdhsor signal
the flujd and gas frequency conponents fromthe
anfl pSgeEINLSEns PRl e ch@?&xsﬁ ssesorségriab end thy sewond sdnser $iggal can be

' ' j ti conpri se
R PR 0P SRS, RS p, e cxamole
A phdbgreybibaydhial i t WAl C

S A s L
phassrabéft end therfiest ged sergndlisenser siggalspan deivsed toopnpseshe frequency

resphi B s B gPHER ApoESt o1 HFE G GERERE t both the mass
OROFHRO ' : f .
e omoname g naMRl B 80 2 pien P 33d b Bl ghurainea

gas.| uid frequency conponent and the second filter

out puts t gas frequency conponent.FIG 16 is _a

71 ol FPSPtl%?%dge SrequenfItIsERPIER IS broken pithinkrya gay Beguency

' f I eria | .ow.ng. t hr ough a

coppgtit 012 AT a6 oS b e he
frequareytregponse 14 50 PmbAGk.a gasiFRALBOEYorhSSRAP At isSrelated to a gas

recei ved. The freguency response can be received In
flopateripithe fleremetesial ard 2 fuid Bequenaysbmpoiitre thats saey to the fluid

g R R S A R S AT
perforaved By £t IfiieaAnd AGEIR SR A AeYiRSS dildhsORe In addition, the

enbodi ment, the frequency response can conprise
brepkingtous ears be peifgra¢d bynd lawveasofifersamisohighifgrafiltel] e previously
d.firs sensor signal and the second sensor signal can
BEE5¢%cei ved from pick-off sensors 170L and 170R of the

et gy stglz 2@%% laé g%@vimflé?{f d@émhﬁpﬁ ’%o%)frgcqg)rnecgfi %E 3??8 j§,determined

shift erated frome€itner sensor

usigdtleepeenpnasposdt 1410ate dabérehuesdy @mbaREO M 5 8RS Me fluid
signal s can be used to conpute the frequency
frequency component 1416. The determination can include determining density values
from the frequency response 1410, the gas frequency component 1412, and the fluid
frequency component 1416, as previously discussed. The resulting void fraction of gas
1418 can be expressed as a ratio, a percentage, or other measure. H
FIG. 17 is a flowchart 1700 of a method for determining a void fraction of gas in

a flow material flowing through a flow meter according to an embodiment of the

invention. In step 1701, a frequency response is received, as previously discussed.
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response, wherein the frequency response varies over

time according to both the mass flow rate of the flow
woraioen2 k9 and according to the presence and anpCmMUSDNG6/019597

entrai ned gas. In step 1602, the frequency response is

broken out into a gas frequency conponent 1412 and a

f | uinditdy ETDetieyfrenrnoy esspodstlis filibradswith affosisfilidre The first filter

b he f : '
subfaB B YECEoiRe GO N oS! E TGSEIGaD Proe e id

in the fl ' | ui ] '
sreqeigty Sehp QT RIR, 187 ifbry ¢hGodiBfl i AOAGRprises o

lowepARIi1Ee, vieteBIoe-pas dit-afftfrediirac bedleilog-mast fitanisbe
performed by a first filter and a second filter, as
substastinkyshoyedhe uikBiaquanay seaponen; Asverasiibie iyvages filter

.b f . | fi i gh=

oy BESLER TR ol TR S Bl #je0e85 o
fre e%\g'#,ggﬁl ¥n&htscussed, the void fraction of gas 1418 is

etermned using the frequency response 1410, the gas

f r efustere Y7 @3 tipofrequentst I@popmjls.tfﬂtercpd Wﬂffh af seeqebfiltgr. The second

RS S e S RS B, bl s e e
freéwf'e]ng cBH@oﬁé}ﬁ. i, oA %ff%g SR OMERREcorikRiterddehrides Eh&gr}ﬁpass

reqﬁenc t , he

conponen as’ previously discussed. TI
filtee SHetding high-gadsracboiftfteqfengp of feldgh-mashBltendp selssadially below
as a ratio, a percentage, or %ggr neasure. FIG 17 is I
thezgas fpapReyt conmpment (bat Ao veode Fiwd HeAwmey FOmpoRe; as a result,

f.rracti o f ' ' ' .
T B3G50 PR LS Yl Bicbantty
rejédty B QA frebledyeddripdhbnt.a frequency response is

received, as previously discussed.In step 1702, the )

f r efustapy 706 ssonedoudy Hiscusseddthgivokd fagtiqnset g3s| 1 1s determined

The fjrst filt tantial l ' .
usip Qo B EL FSNBSR LEiva e s e B S mb el 1812, apd she fruid
ﬁeéggﬂ;?%ﬁ%boﬁ ! gnt (see FIG 18). In one enbodinent,

e firs [

er conprises a lowpass filter, wherein
a | DiGpHEss afitquehty Eraphusbowyngiow-pess ang-hpgl-pass filtesresppnses
substanti ally above the, fluid frequency co nent,. As
thag cap b psed tohaeakoRitihe EUP({ %r‘fv%%engiﬁ 58 HP%/%E’Pg%S%g%se@e‘Wé‘CY
luid . fr [ ' h h
copphépt abFHIERTE o URAREER ATUPS HALAGH Tt Yor 18R ST the grop
refreRAUSNTYWREPORSGuInSy frésdpbasemciidity aflsktiragehicy temponent lobe
The second filter substantially rejects the fluid . .
and pegs Seayensyepomenentdabe.s b he i fraquepey seupeneidolgis lower in

frefﬂ}rl?q S/?tﬂi%w%?%gg%%ﬁ%%gygﬂo_ngg@g%{rﬁ%g! Ff‘fl%tuppgpﬁne%%%}f}ise a low-pass
filter response and a high-pass filter response, along with a cut-off frequency. Here, the
cut-off frequency for both the low-pass and high-pass filters is substantially centered
between the two lobes. The low-pass and high-pass filters can have a common cut-off
frequency or can have different cut-off frequencies, depending on the fluid and gas
frequency components. It can be seen that the low-pass filter will output the fluid
frequency component and the high-pass filter will output the gas frequency component.
Therefore, the two filters can break out the frequency response 1410 into the gas

frequency component 1412 and the fluid frequency component 1416.
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filter, wherein a high-pass cut-off frequency of the
hi gh-pass filter is substantially bel ow the gas
wo e@guersey conponent (but above the fluid fregeentg2006/019597
conponent). As a result, the high-pass filter
substantially passes the gas frequency conponent and
subghathicr alethod &f teedldng bet the dluid fné gaefrequanoypeomeohents
In,stefp 1704, as, previously discussed, the yoid
compratesifHierige ofha Sipls kngwadterRnae ORI ARG Uping darefeguency

cor#ﬁ(zrpeﬁ? élgsaqéé r%g thd Bfe rgtﬁﬁqiﬂed}g%lt‘g?iygél}%ﬁﬂé thkAhAd af8 Gas

quency conponent 18 is a
corhp GiHNE Aeiysitiésa Frorshamp ity wheye pasia theflohi iphtepiabis afi, tearthe
responses that can be used_to break out the fluid
filtenieg) opereiior ebbm evnfisaer tonBlterait prelgtidply\nassvpbaency band

el i e SRR TEBhp L TR algUBIL, 8P oy AR cervea
froh PR AN BehdCledfbirg and thdH1gidf depsite e@ml?@mm degnéd frohethe

and aé%gs requency conponent |obe. The fluid )
remainipgehy fregrpeayerampasisnt ¢an beowed tp determineeancair density term. For

t he gas frequency conponent | ohe.. The er_|ines
exaplgy v Bgedns Sos SHConio e g rie 215 ad R ik S aoteh fiter,
fd r n j -
bl BARRTAS) DS e e e eOmnn of
frehigloypagmonke.] Aenesidt, shebsterall dedity (panl B420dcabdiemadeulated from

o e R o
cal?ﬁltafe%f fhroh "t Hﬁﬂﬁr@cﬁlengf Bgfﬁgbﬂ%’t qR1kh Q’h%fe'fbl‘é ﬂf@qaiﬂ@o?na%onent
Féquency conponents. 1¢ can be seeh that the | ow pass

deﬁsjiﬂyt(ﬁgas)wi 4ol ouiRlses theevieldll derfstte goignchi20anipon ért flaidcdomponent
the hrgh-pass filter will output the gas frequency
densitydonentl42Zherefore, the two filters can break out

he f . 1410 i
© oo ATEIRREY of SRR ttadd s A0 9 TS ¥ ponent can be
rem VR ARGEA B0, ARE AIRdv Al fRicask cAYbedbtetRtelluding BBGagatquency

frequency conponents conprises filtering out a single, )
copomentf rechedorey thivsipgladraquancy tesiavgl carebé pedersrslwhere the fluid
conponent passed by the filter operati,on i. der.to .
Poger s Ao i gaRcs RO dnd dgntfe | BFEES, the single
@Jﬂgﬂ ' i d BlqueRcPbompbReR or th
ﬁeﬁﬁe irlg{ngylgﬁ%@tc})%gr%gftl ?%ﬁﬁgﬁea%ﬂt@gﬂg%ﬂﬁ gurqeo? %% frin ter of Hhe 885
frequéncy doshpinienel y narrow frequency band centered on a
typical air frequency response. SubsequentL%/ t he

ovedmpne gabsflingender $108\ FWRNEHEO PRI AT OF BIPRSTRIPY one or

and.t he ' ' i . .
PR L 5P sHETEORRBc Y b b g pmraion
The @he lofitse @ted i cheRsboditentontiseexarth alteth&metdih@lter passes

gas is known to be atnospheric air, a filter (such as
all draquendies ¢xaept frequencies within a narrow band (i.e., a notch in the frequency
response). Alternatively, the one or more filters can comprise any satisfactory filter or
combination of filters.

FIG. 19 is a flowchart 1900 of a method for determining a void fraction of gas in

a flow material flowing through a flow meter according to an embodiment of the

invention. In step 1901, the frequency response 1410 is received, as previously

discussed.
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for exanple) can be used to substantially reject an

air frequency conponent of the frequency response. As
w@200e4ei529 the overall density (pm x) 1420 canP@BUS2006/019597

cal cul ated fromthe frequency response 1410 and a

fluid conponent density (pflU d) 1422 can be

cal dulstepd®ORy henfrdpmendsuiedpousedsipricyssedmitng avtch4lifr. The notch

Therefore, the air co nent density.(pgas) 1421
filiey PARFS BEIRFEISS\ARPEF P GRS §¢15h SUch 2 abovs Aubbelne the gas
fredcubhdl £OFRRE & thid ERSLE¥ndR! il A -nofdt fEQALLYS] -

i1 s(%/oul d be underst go%nérﬁ'altm tb %)501%1 %ﬁ%él Oférhe%%%ﬁsté%ﬁan%uy rejects
the gasploeprency eompenane 18 V2A/The hbehetlte StibstamehltyRsyitBe fluid
frfracti on can be determ ned using the gas frequency

GBRYOTHARRONEE! btkGre, this single frequency renoval

canphe. esses .a. known

char ag T BB B oher i RO RSBRERE iRy Silpie shown,
theThackeisocentered on 2igag e qhegguerneyndieiamnsl pdBE QMsaanally all of the

renove either the fluid frequency conponent or the gyas
frequengiesrbpve ghp bakt thenptenendopn)y dhargan frequesiy i substantially

. ent can be renoved by one or nore
reip AU M PR

& ot her frequency conponent is passed

by hstehi1b0SIthBGoRPBAGIANT ol 181 9REIQEARES uli '

one errbgdi nent cgrrpri se a ngoat ch fi I?ée%[ra. Eﬁ%%ﬂg%ttﬁﬁ?%%my
respaBsfethegds ffaquauesncimporent é12, fand gheflaideeqichby Bomponent 1416,
as narVrO\Aﬁgb?nd ide., a notch in the frequency response).

RISEHat 9815t he one or nore filters can conprise

any ThalhetagE@ronids ddSh LRt OBl LS ES 5

Pl e R Ao D SRR b By Rhibh chEb implementea
acapedieg o any gf thevemhisbdimantsiinordyr 1@abtaimsevefd] Qv ARARS] Fdesired.

flow n thrgugh a flow nmeter according to an ]
The MysaHeR AEn etermgeianaid diaghon phaas s traoghase flow. The invention

.S received,. as previ ousl )
cul SASNEREK V3% AL A28 3 AFFENBRA P BRI oo deermin
a vpidogeamac it e noeekor édntBbvidEhe 1@ FebBiéh bt %is &@&ﬁﬁéaﬁon of

frequenci es above and bel ow a notch, such as above an
gregisr gopwr ey ukretiplidie nthe inyepbors eari proviesa eoitl drfictiontof gas
refor the notch filter supstantially rejects the
de%%?nﬁffe@ra Fistex 51‘36‘0‘%6 BHigh ATt A3 SVTIe COnSIENE Jepy plopessing time.
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
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rejected by the notch filter. In step 1903, the void
fraction of gas 1418 is determ ned using the frequency
wo emporse9 the gas frequency conponent 1412, apdr/Uemo06/019597
fluid frequency conponent 1416, as previously
di scussed. The neter el ectronics and nethod accordi ng
We ki@t nvention can be inplenented according to any of
the enbodi ments in _order to obtain several  ad antagea,
1. Metedelsiirenics D frndeiatnisinganoiddtastion i 2gs i Jow maierial

noviiaf Spiohen 0 o00hg P B FNERRAT ehkofils COfIERILE" oo

f1 oW intthcé (D(ﬁ??éﬁ@@ﬁﬁlg@ﬁ@ Bnke réspeasdof thadtavwomatsdrial; and
air. The invention can provide a void fraction é)f 9as
detaproceratngansiem (08 hireeorapwnication avith theintgrpes ¢AP1) ad
i.nvention can, pr.ovide a void fractio
confVGRtp ket o P Setr o st ST Bl HePlag oy prse out he

. ORES ShifefhdiRy \Yonpoabmfand. a filEiterequency
ﬁe(ﬁﬂgg%{ggﬁg%égql?%oa?qf or get e?grlri ni ?llg g@\(/)oi d e%nr action oqf
congment) aad fibtermivetthe vaid fracsionnyg gak frony thefréqusncyreasppnse and one

(5), the neter electronics 0 i Sing. an
or thakeafthe 8o BORIFIFL EOTRRRIT g e FREnueE Y SRBRRtof
the flow material; and a processing system (203) in
comuni cation with the interface (201) and configured )
2. The hiRE&icletlohRsi(2@asRuIgyn t ewithtisevdiddmctibe of geseedrapmsing a void
(201), break out the frequency response into at | east
fraciiogeny @it equency conponent and a fluid frequency
conponent, and determ ne the void fraction of gas from
the frequency response and one or nore of the gas
3. The ARG SRRRT20} oRdlbint Dewlth thelinfdréquene)) inomdapendigitizer
2. The neter electronics (20) of claim1, with the
(202 cohfiguaed toodigtizedhs fregugncy sesnpnac-voi d fracti on of
air. 3. The neter electronics (20) of claiml1, wth
the interface (201) including a digitizer (202)
4. %ﬁ?fn&&&f St (@b bZQat @, (itBAHE PotessRsPSEEN (203) Betng further
meter electronics (20) of claim1, with the processin
corfysiramo(:208ye beirsgsehsortsignal andhisgeanddensorsignal fromythe flow
first sensor signal and _a secaqn i gna

metes _éS}, Igéwrﬁ’@taé?ln@Q)Qegﬁe@,{g}aé? éhi. ?razfg?s, %gsé 3? i3 lﬁ]ﬁ;&é@ fhd compute
ine Pl QDS ideShe SRIR0ReSEO Ao S COMPUT e the

esponsé& using ety degree phase
shift. 5. The nmeter electronics (20) of claiml1, wth

t he processing system (203) being further confi d.
5. tThemacte a,lectmn%wéﬂ) ebelobn Lswiihidhe arreessiag Bvnan §2¢Jé)§qemg further

signal fromthe.fl ow . .
con 1gq.1re to receive A First sehsor signal and a second sensor signal from the flow

meter (5), generate a ninety degree phase shift from the first sensor signal, and compute

the frequency response using the first sensor signal and the ninety degree phase shift.

6. The meter electronics (20) of claim 1, with the processing system (203) being further
configured to break out the frequency response by processing the frequency response
with one or more filters that substantially reject one of the gas frequency component and

the fluid frequency component.
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meter (5), generate a ninety degree phase shift from
the first sensor signal, and conpute the frequency
WO e®porse9 usi ng the first sensor signal and t heCTUSBDg019597
degree phase shift. 6. The neter electronics (20) of
claiml1, with the processing system (203) being
7. THehber eleombhigs (20) of oldmelg kvituthetpnecessing westem (283 posing further
processing the frequenc onse with one o

b
configueeie bravtous HIscFeMenEY SPPPRIcADt PORESHRE IR dregiency response
f , .
witt SR Aer SRARRAS A dofol cronidnd pEMEIRAey component and the

ﬂuiéwe{lﬁeﬂdyq;ommeﬁﬁi ng system (203) being further
configured to break out the frequency response by
processi ng the frequency response with a notch filter

hat subst anti al rej ect f :
5. TpeRearoantics (e gt FogREMRpbaRsBREy RN being further
confiBHRH 16 bR RIS fré cﬂfre@bﬁémy fifiefitih tHehequence sspogse with
system (203) being further configured to break_ out the
a fifst lferctheysubstptinBe r¢jgots tHetgasifrRgueney eomprnant gne saistmsially

Wi t fjrst filter that s t ant i al rej
pastapdti DHe SEBIFDBREREPERT el SR Edhy Jenidled bt pdRy second
! I id | ' EAtemdenbYtantially passes
e S T e e R i P v
the 8§ Befsericheofdponent wharedmthe firshfiseremtipats ghe fluid frequency
substantjally passes the gas frequency conponent,
compraest #nd the seeqgngk fikter) qua?ut%a}ep%ﬁsgﬁ Sn‘%gi %ﬂ‘gig)?r}ﬁé‘ uency
conponent and the second filter outputs the gas
frequency conponent. 9. The neter electronics (20) of
9. Thahi®dr hMtidnidsNe0Pslaeias i Ngith Yisd procé2aR) sysemR03) being further

further configured to break out_ the frequency response
contfiguprdiodyealnouitthe fieAeened TeSPONES BB REQCCHING the ?ﬂfvleﬁg% §esponse
filter, with a low pass cut- 5 .
W1t{:x G\Ap}yégags ]ﬁithe{, Jyitla il(ﬁ\/&-pgﬁso%l%téoﬁ ?rg{]ﬁie}q/l%gg)g\%%e mﬂﬁ%u@aﬁr being
subgfagﬂéﬂl?f GYoRAAR PRED Fre e PichihpoRent! id-widts thef lolt s filter
substantially passing the fluid frequency cqrrPonent,
subatadtislip phssirtg thk [fipid Gegetricygontpongaisanidraigsfenidslly rejecting the gas
conponent, and processing,the freguency response.wt
freqpenp}é ﬁowggerfti @qcﬁpgocgﬁs%qg e %e&ﬂgxb%srgsla e S g ﬁlg&&aﬁg >f/'ll’cer,
itRTs 16 paLL0; ol of B | el below t
iR AT R o R MG aHSO RIS b Bl i
casShbileany tampyndiaanad ngilt the higts passeitee vulstaumplymensina it gas
substantially rejecting the fluid fheﬁgfen% congonent i
’frewmcanmaemtmdjﬁab@wﬂmqllyefm esting s pddrequspey component,
frequency co nen - Wi gh- ' t -
whefrg 06K SRT BN OhoRfing IBi M §AidRT Sohkbhes A By hivh pass
ﬁlt%xz&)tpﬁ’ﬁs thd %ﬂts"@réq&‘ﬁ!b} Botpendiitocessi ng system (203)

elng further configured to determ ne the void
fraction of gas by calculating an overall density

10. The meter electronics (20) of claim 1, with the processing system (203) being
further configured to determine the void fraction of gas by calculating an overall density
from the frequency response, calculating a fluid component density from the fluid
frequency component, calculating a gas component density from the gas frequency
component, and calculating the void fraction of gas as a ratio of the fluid component
density minus the overall density divided by the fluid component density minus the gas

component density.
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fromthe frequency response, calculating a fluid

conponent density fromthe fluid frequency conponent,
w@ 60k B9 Nng a gas conponent density fromthe P@EBEUS2006/019597

frequency conponent, and cal culating the void fraction

of gas as a ratio of the fluid conponent density m nus

the overall density divided by the fluid conmponent

depsity mnus the _gas.conponent depsity.11. The neter o
11l Be pheleriQlectiontss (39) af It R swithibs HEWr Rrcemprsing a Coriolis
fl gqﬂpgf yng a Coriolis flow neter (5). 12. A nethod for

© etefngalng a void fraction of gas in a flow materia

flow ng through a flow neter, the nmethod conpri sing:

recei ving a frequency response of the flow material,
12-b2e"§k“ihﬁé %Metﬁlﬁ@nmgequﬁ jpctien pbgawil hilowanatedakflowing through

aﬂgg\ﬁn%fe{&qp?{}%}ﬁcgg@geﬁnﬁh and a fluid frequency

onen ngzng the void fraction of gas

f r opackivénd 4 Ggyedity re§RRed setRMbwitt&ialore of the gas
frequency conmponent and the fluid frequency conponent.
13. breakingwuh the bequsingy responsevintohattleast e gasl fieaertcymongfonent and
as.conprising a void,fraction of air. 14. The met hod
aﬂgfdsfg?%‘f CXE?“}%"P?’Pttﬂédrepei ving the frequency response
f ur §&8FmiaHEhE VoD frabRELI VIR dn ftllher ﬁ&?ﬁﬁ@ﬁgés Sh&'@d one or
and a second sensor signal” fromthe flow Atgr;
mogreakthatgan frequericyatommagntemdphe fleid fiefuerfcy aonipoaeii r st
sensor signal; and conputing the frequency response
using the ninety degree phase shift. 15. The nethod of

13.CTRE i [ M que e .
;8 ekiog dt ol 2 (BEEIRAE sl b EHEIROISIPRTG nction o
airand a second sensor signal fromthe flow neter;

generating a ninety degree phase shift fromthe first

sensor signal; and conputing the frequency response

; . . , | he mi q
14 ThEBLf ir il LT R SRR Bl RIS g R B er
coifr@iig:ng out conprising processing the frequency

response with one or nore filters that substantially
r ej k8geivinger Hrst s¢rsoysignilrangresecynd sansonsighaldnanttheflow meter;

fluid freqguency c onent. 17. The nefhod of claim 12,
i t ST ALRY G BTRE R PHLE: g o BEC eripbgr gl
f r ecHigifidhg the frequency response using the ninety degree phase shift.

15. The method of claim 12, with the receiving the frequency response further
comprising:
receiving a first sensor signal and a second sensor signal from the flow meter;
generating a ninety degree phase shift from the first sensor signal; and
computing the frequency response using the first sensor signal and the ninety

degree phase shift.
16. The method of claim 12, with the breaking out comprising processing the frequency

response with one or more filters that substantially reject one of the gas frequency

component and the fluid frequency component.
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response with a notch filter that substantially
rejects one of the gas frequency conponent and the
wo baed2fseequency conponent. 18. The met hod of BCHUS200&019597
with the breaking out conprising: filtering the
frequency response with a first filter that
175 ibs maatbodibf glaine |l 2 cwith tihebgaking roag uemeyisiogmpenssihg dndfrequency
substanti al | @ sses tBe f|.l.ﬂd f_requenc:ﬁ/ component ;
resERRRE VIR BACH e thitcyhuAryalcisisskaRne pl the ass Seaniicy
' j jects the fluid frequency
co%g%ﬁggﬁ?ﬁgengﬁgﬁ@%ﬂ g?(l}%&lbeglg'ses t he gas frequency
conmponent; wherein the first filter outputs the fluid
conponent and the second filter outputs the

f
18-g§§g ﬁ%ﬁ%}% Slaigy hpowihthe hryakinsouhsempdsios: cl ai m 12,
" UL R Py Y D SRy i e s

freljoancpadmpoutniaint subaanedbypates te thavieasscyidohfonent; and
bei ng substantially above the fluid frequency
confbadng thesfiseusney responssywitlae sedanid fgltershagsubstaintillyyrejects the

uREREERaby Ralglihchy b ARGl BR R Lhe AR Siaae epmgondht:

t hewheRGh! BRCYrst ' - i :
hi gh- pass cujty}fS o%?ﬁﬁggﬁt\gﬁgﬂ%g r%%;heﬁ?)éﬁoﬁgé%&? ﬁ?c}{‘”él{ret%e@ond

filtereguiguts dhs gasfir¢qichyy bethpondrite gas frequency conponent,
wherein the high-pass filter substantially passes the
gas frequency conponent and substantially rejects the

19.7 THé gneftﬁct?(ﬂ%‘??ﬁm %Wﬁ@ﬁ{gﬁre%ﬁ%‘gh{]c&?&gig& pass filter

out put's freqgquency component and~t he hi ghpass

fi | prcessingtlie Sreghengassporg wetlcy S OPRSEIEr, wa.a [BRepass cut-off

met hod of claim12, with the determ ning conprising;
frequeney) of thegwaprss Jidien Pringenbstentisllorhovashe ﬂé&@wncy

; I [ | uid_conponent densi. from
corf AR MerfR oIR8 Mo UhilaRERER RS g A Hetiehdy
corgsuTRANeid sulstatinly t4je¢t it BafedueBGHENAYoRRFRARAENT ;
and calculating the void fraction of gas as a ratio of
t heProresstngtbapisaeencydesinsg withraubightrmse fidteg Wittde hight pass cut-
i vi ded the,fluid coppone density m nus the gas
off SHB%C%&B%H@( S e B S G el A i edene
mhp TR IRS il AP hiohL {H3tahsi r
o R e g ALORRlfally PANE IR pos Heguthoy
Compmlﬂnmctmbatanﬁhldw\kajg:ti; tireafihgil feequbmoy corhyesnent;he nmet hod
¢ on@flelzrséinn%é low-pass filter outputs the fluid frequency component and the high-

pass filter outputs the gas frequency component.

20. The method of claim 12, with the determining comprising;
calculating an overall density from the frequency response;
calculating a fluid component density from the fluid frequency component;
calculating a gas component density from the gas frequency component; and
calculating the void fraction of gas as a ratio of the fluid component density
minus the overall density divided by the fluid component density minus the gas

component density.
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receiving a frequency response of the flow materi al;
processing the frequency response with a notch filter

WO b@b/1315bst antial |y rejects one of a gas frequeeiys2006/019597
conmponent and a fluid frequency conponent; and
determning the void fraction of gas fromthe

21.f Theuericyd okclpiond 2, witll tlen@owmeter eomfridihg agasiolis flow meter.
frequency conponent and the fluid frequency conponent.
23. The nethod of claim22, with the void fraction of

g 4\ S} : : I f,.ai Qd
22 RSP RRRE0AG A B0 bl 98 IO IR e
a flbwr mbeer, thomuthed oghprigagi ving a first sensor signal

and a second sensor signal fromthe flow neter;

genksicatvingya Areapensyyresrogse of hedlev amterialf rom the first

sen i | : i ng. .- n respons .

o Boe it e A SR Bl b R R g SRR gpects
oneCdBa FaFequint coMBon@ft @hld lafiiill iR qheRIUREoRE RAAS E B

further conprising: receiving a first sensor signal

anddetegpipingithe fraefiapnef gas ieom theefréquancyreesponse and one or

e ating a ninety degree ase.shift fromthe first
mofEQEH R eal oA et A e i Pitraioi Forindienis
using the first sensor signal and the ninety degree
phase shift. 26. The nethod of claim?22, with the
23.déhemeithmdof daimpl2 sivitly theat i d fimttion oAgasosomnatidingl@ veld ffaction of
. fromthe frequency response; calculating a fluid
Al:conponent density fromthe fluid frequency conponent
if the gas frequency conponent is rejected by the
notch filter or calculating a gas conponent density if
24.t Tiee fethad! 61 Gajued2, WwitlotheaBediVincShé ElegGérRs) oS onk@ Rirtigr
t he .gas conponent density if the gas frequency
ComgRypddHent is rejected by the notch filter or

. ; Lo densi tv i1 (1 uid
Fr B BRE shih S BROE R  SGisht plane e Pomemeter;
f r agdriepitingfa Giastyafegfed HakOs1af f61A the B sEATPREALE: and |

density mnus the overall density divided by the fluid
c ongseringdba dieqyendymaspanse usfag thoninetyeddgreteplsise ghif2 7.
The method of claim?22, with the flow neter conprising
a Coriolis flow neter.

25. The method of claim 22, with the receiving the frequency response further
comprising:
receiving a first sensor signal and a second sensor signal from the flow meter;
generating a ninety degree phase shift from the first sensor signal; and
computing the frequency response using the first sensor signal and the ninety

degree phase shift.

26. The method of claim 22, with the determining comprising

calculating an overall density from the frequency response;

calculating a fluid component density from the fluid frequency component if the
gas frequency component is rejected by the notch filter or calculating a gas component

density if the fluid frequency component is rejected;
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28. A nethod for determning a void fraction of gas in

a flowmterial flowng through a flow neter, the
waoreaohagrseonpri si ng: receiving a frequency resppOBEESDNG6/019597

the flow material; filtering the frequency response

with a first filter that substantially rejects the gas

f r eeptiaratingtherpanenthp @t dednsdtyafitheatds frqoassascdhpordentiisdejected

frequen conponent, wherein the first filter outputs
by e gl fiHer e tiBREyE GBI RPOEE d4Tisify if e TAG Geanepy
co&@oﬁ{%ﬂ{‘?sere 'C{ep. a second filter that substantially

rejects the ffuid frequency conponent and

s ubsdtleulttigg thy vois sastidhef gawsfaratuefiche SoldRVAMPVnent density

.Wherein the second filter outputs the gas frequency
mings e ALsrall dgpsity divitleddn the gomnpeRant %nnsofy yEmsfhogas

cy response and one or nore of the gas

cor%x e&&ég%%ﬁgbnponent and the fluid frequency conponent.

29. The nethod of claim28, with the void fraction of

gas conprising a void fraction of air. 30. The nethod
27.othe mgthadxd, clawnt 22, twigh thedbiw inmgent domifristngie Qoyiotie Slovnmeter.

further conprising: receiving a first sensor signal

and a second sensor signal fromthe flow neter;

9 . . i f .
R RO B ot A0 MR Uk through
a flowi meget, lilee miettetdycotguisteg:phase shift. 31. The net hod of

cl ai m.28, th the receiving the frequency response
fur‘ieﬁ%‘P’“{Soﬁ\Q%Pﬂ%finﬁﬁ?‘FS@@éﬁ%? e Alopy meteriobnsor si gnal and

. | | _
2 AN BE MmO orlsh MR s e D ShoBRORH 21108 he g
freqiepBp tompotrt QP YLbANHANG JakLAUBAYIT RERRAGE coilibBEerltherein

first sensor signal and the ninety degree phase shift.
the st fittes opiubothediuid frgauemy, comnanentie det er mi ni ng

cop 8, 62, 4L L0, AL BRI i e
fluid§Rsgubcy dompdreat hhdibhstmBaINe Bases W%ﬁgmafa%omponent,

cal cul ating ‘a gas conponent density fromt
whéremdhe nespnddiiteopstiuts thegas dlequératyi cogptdnenzoi d fracti on
of s as. a yatio of the flui.d conponent density m_nus
netlgaramne e Her Acio afa® B 18 FIFRCK PRI And one or
moREStEhd YadFr84ifenk 8oBB8nent and the fluid frequency component.

29. The method of claim 28, with the void fraction of gas comprising a void fraction of

air.

30. The method of claim 28, with the receiving the frequency response further
comprising:
receiving a first sensor signal and a second sensor signal from the flow meter;
generating a ninety degree phase shift from the first sensor signal; and

computing the frequency response using the ninety degree phase shift.

31. The method of claim 28, with the receiving the frequency response further

comprising:
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conponent density. 33. The nethod of claim28, wth
the flow neter conprising a Coriolis flow neter. 34.
wab@eetsbod of claim 28, with the first filterPCT/US2006/019597
conprising a lowpass filter and with the second
filter conprising a high-pass filter.
receiving a first sensor signal and a second sensor signal from the flow meter;

generating a ninety degree phase shift from the first sensor signal; and
computing the frequency response using the first sensor signal and the ninety

degree phase shift.

32. The method of claim 28, with the determining comprising;
calculating an overall density from the frequency response;
calculating a fluid component density from the fluid frequency component;
calculating a gas component density from the gas frequency component; and
calculating the void fraction of gas as a ratio of the fluid component density
minus the overall density divided by the fluid component density minus the gas

component density.

33. The method of claim 28, with the flow meter comprising a Coriolis flow meter.

34. The method of claim 28, with the first filter comprising a low-pass filter and with

the second filter comprising a high-pass filter.
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