WD 20061104690 PCT1US2006/ 009272 METER ELECTRONI CS AND METHODS FOR

DETERM NING A LIQU D FLOWFRACTION IN A GAS FLOW MATERI AL Background of the
Invention 5 1. Field of the Invention The present invention relates to

met er el ect r o¥0 pw6/aMONEt hods for determning a |iquid fPOWUR2&EEOLR in a
gas flow material flowing through a flow neter. 2. Statenent of the Problem

It is known to use Coriolis nmass 5|OWQ ers to measure nmass_ flow and ot her
10 i nf or mat i OHEFERHIFCIRONT GPLF R%BEWW&% u. S

Patent No. 4,491, 025 'Iﬁ% @I‘ﬁ)NSfNA@ Al fvy 1, 1985 and
Re. 31,450 to J.E. Smt o?@lF ebruary 11, %%?L%m,es ’ﬂ@ow neters have one
or nore flow tubes of different confi guratl ons. Each conduit configuration

may be vie s havjng. a._set ,of natural vibration nodes including, for
exanpl e, :A?ﬁﬂg ‘Pé edBYenti9fa) | radial and coupled 15 nodes. In a

typi cal Gor '}Ole§ld’%§}§efnlv%dﬁeasur enent application, a conduit configuration
is excited in one nore vi bration nodes as a material fl ows thrqugh t he
conduit, and m)t iTha pﬁsehﬁievmﬁﬂodmélﬁte&s o metes aleettorits pul methodpfor ddteahmmg 4 he
condui t . ational nodes t he erjal_fil systens are defined in
part by the% PR RCHAL I B as; Eﬁﬁnfﬁﬁ‘@?géh@“s{\éwgﬁ%l within the

fl ow tubes. ijSt@z"ehz Jgtc{/*t}?é"ﬁrob%)n' nto the flow neter froma connected pipeline

on the inlet side o he flow nmeter. The material is then directed through
the flow tube or Ifisdwowulte ssealioriadisi rhasstfios mbtors toeneasuteanasa flompald other

connect he outl gt si A.dr es a fo to .t tube. The
force ci@seé tt"l"b atggd]sglow& hr?%hépﬁgﬂgw 38 15C SF@ Y- ﬁta{ﬂ’?gp f1 owi ng
through the £iquorsmitdled tal e, BRIM! & ofl AN8mary 25198kQNd REDS] agmdirat@rm@hbh an
identical phase! As a material begins to flow through the flow tube,

Coriolis ach@Ibataayilhris98@acréleseéénhnp¢nrmha\wl@ng)rmmeﬂbmvub@w diffetenive a
di fferent phaf whth respect . t.o ot.her 0| nt aI on t flowi g Pe phase
on the inl et“BfIgWagens A LPRdylt AnLiePLag 1?/‘@ VIS 3 3 OpRE%E on t he

outlet side Jigadsn hd@efncMBin %&%ﬁleaglﬁlpl@ﬂ;e%ﬁ@% Brsighdf fleMndehM& on the
flow tube to produce sinusoi dal signals répresentative of 30 the notion of

t he fl ows3t ubwodss. ﬂrhetmlcﬁaﬂé‘roemhs pmsmﬂswm&aeummasbamﬂlbdtmnencembm ween the two
sensor S|gnals S orti.o to the ow, rat e of mat rovvl ng
Chrough. CneRREiRREnE el Buork s ate PR ging Brddsms §otoegla) Mokt fiaBh g

Discrete FO Woh@Wit, and motion of the conduit is measured at points spaced along the conduit.

The vibrational modes of the material filled systems are defined in part by the
combined mass of the flow tubes and the material within the flow tubes. Material flows
20 into the flow meter from a connected pipeline on the inlet side of the flow meter. The
material is then directed through the flow tube or flow tubes and exits the flow meter to
a pipeline connected on the outlet side.
A driver applies a force to the flow tube. The force causes the flow tube to
oscillate. When there is no material flowing through the flow meter, all points along a
25  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
30 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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| WD 2006/ 104690 PCT/ U82006/ 009272 Transform (DFT) or a Fast Fourier
Transform (FFT) is used to determ ne the phase difference between the
sensor signals. The phase difference and a vibrational frequency response
of the flow mbaoesmerwbl y are used to obtain the mass fl owcrasmoshozrne
prior art approach, an independent reference signal is used to determne a

5 pi ckoff sijgnal frequency, such as by using the frequency sent to the

vi br at i onal Tdsnsfem (REE&® FashEanisr HWSMFZ? {s uspph v deiermipg thephgseat | onal
response fr | '

Contor ng 1 Qg REIERALE Sl Apn TR preS P BaRIa R0 Tnd 8 ITMEML Bty

f 1 owret er atrespondesoftthe Reepubdigssarablyurofset e obiafrcthe fnidss owatitet he  pi ckof f

sensor frequency, This prior art_techni %ug vvortks fairly well, under gui escent
10 conditions, whePRe PR 4Tt BRRTPAENE IBFCRCRIPH EC e Rmaiga?! 1p ES%HP%GW & where
the resulti o ' | oo f V! ' - , the
phase. modsur kot S feBAdi, such SALF DG U FauBhly Y (e M RN
uni form suchksters. ilnahothemiris artfdppranch thevibrativealf despwns® frequemcy gemgpated bg aa gas
flow material that includes entrained liquid. In such situations, the prior
art deterni d%ﬂm?f?%&%ﬁwgé&ﬁteﬂp@é@ bR CeTFTng @ that fsgueney o %ﬂhﬁﬂ?rons of fast
and |l arge fr 3 | & bk d ' ' gnal s to
nove out si de‘%ﬁq@ﬂﬁ/ﬁ #rgec?%%ﬂa%%@mﬁg%eﬁ?&%ﬁpgfgi ngbﬁi%étggg%&gﬁggﬁkﬁgﬁ% a'fsfrh gquency
measur enent ickbifif snsdrdrequency. [Flabpréen arrtegnyque-workk fartptwellhatdehquigscemher e t he

A S0, 110 hsondifight arieye te HaLmeERabi theeumlss Aoy 107 AaSaEE Bere e ocs
Wil not be abloge &ghdf GRRuGRY Prelishy By HbIE CHERby ! ERRRN AL hiCRSED e

causi ng de ulat1on at "an fncorrect requency. | e under st ood
that if the motertsuffed wheagbefloy material ¢conatemifonn, suchas ocutvat-phase flews

subsequent |y derived val ues of density, .volune flow.rate, etc., wll also
be | ncor 1 ectWHRGHer IR BRLEr 8! ONBPIGSS arehs (IR TaripaR! thatingudis srisainAg Havidy I

subsequent f i L §iql %’ﬁﬁ ' ' d B8idN. phriAst, the
pi ckof f si gnsg?k\évs%%ﬁa%%%eie%ﬁ@ri%% an énggﬂhgﬁcaﬁa?fﬁ}c%t a{ﬁggﬂ)"j ngﬁr&r er to

i npl eneriltS t hendidibohof fabtt and. larph dreqoencly tfansitiens, #ds ppistble fdrythaprkofif signblatal of
frequencies. Therefore, en the targef frequency is ngi ng, the notch
 Toer iy B0V G HT PrdRoimu i rg oS hpser i L ERTod of ¢ 1o,
Typical ly, t lefH el al i ¥ gr?'gy L A8 1o GRGs to
track to therﬁﬁsﬁﬂgtﬂ{lfg?i r?gg%éal?%gstd%rigglﬁgm € ?%P%Ilﬁg@% ti n%ﬁ%a%iﬁ?ed by the
prior art taoneertierepeatediyheperated)ircalzynatingempgsaid fuilsconditicon| Alsohidthe he

frequency of the sensor moves rapidly, a demodulation process will not be able to keep

20  up with the actual or measured frequency, causing demodulation at an incorrect
frequency. It should be understood that if the determined frequency is incorrect or
inaccurate, then subsequently derived values of density, volume flow rate, etc., will also
be incorrect and inaccurate. Moreover, the error can be compounded in subsequent flow
characteristic determinations,

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

30  time required by the prior art to determine the frequency, the result is not only that the
frequency and phase determinations contain errors, but also that the error measurement

encompasses a time span that exceeds the time span during which the error and/or
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frequency and phase determ nations contain errors, but also that the error
nmeasurenment enconpasses a tine span that exceeds the tinme span during which
the error and/or 2 WD 20061104690 PCT/ 11S2006/ 009272 two-phase fl ow

actual | y occuwo 200si1846b6 due to the relative slowness of ragpaes®dioz®e notch
filter inplenmentation. The result is that the prior art flowreter cannot
accurately, quickl track or determ ne_a pickoff sensor

y, or satisfact O.rilill%g .
frequency ddWprigasainvppeually pesir.ofhis ipduetoftheislative slavaess of resronse elret er .
Consequent |y, %t&%ﬁl{%ﬁgﬁ{aﬁf)m nation is |likew se slow and error prone, as
S e

the prior art derive phase difference using the determ ned pickoff
frequency. Ther efThe egsufthythet theprionai lfle wineterwemeyt adatrateiy, gaickBnor s conpounded
in the phase deternminatjon. The result is increased error in_the frequency
det er mi nat i GRfIstagiRrily drack or deisuring @ Pisknflsansos MeaPRKyi e SV PmEr¥AQHOBIEOr i n
det er m nisng SEN e i | 3 : ]
frequency val o enaLi Y1 emicRle” Contalgil N phapc L ik FRCLL ORS

appr oxi mat elapd eqroaprohe, astike prvararf deziyee theyphsspudifferthee asingthreatetdrmirteke

frequency determipation i s repeated or co unded in the densit
Kofhfreduency. o hesePre nY BOTn 4EA BFIHCRS ORTBRAGR S EPPeR at o,

det er mi nat i #¢

where the vgj w@pﬂah@q&éﬁﬁﬁ%ﬂoﬁ. ?lq{éQ'lT:s[ulttiQi 2 e§%ée &P iﬁ%@%giuéébg}ggﬁ % SR LY

15 One application of a vibrating ow t vice as ove Is in
measuri ng a amdssthelphaser determidatmngkadifl cwinoeeasadi ertar il\detgpinnalg thpplasclowon i s

the neasurenent of.gas_production fro wel |, such as_natural gas, for
exanpl e%BI—b\XéR‘/'elth? aéqﬁgorg&gcqurssmeaio n ey ugest toéi@Feé"cmfierF anﬁ e

state, and GRANLAHAS ' ?%n,g ' Kb S &in tHe0r
exanpl e. Theret gr%?m\{/ﬁgeéﬂ agxl 0 rr(g’%aleﬁ%e%fn c%lge?lg ?1 a?ecgba%@%(t ure eof gas
and |iquid drequempyi dtigpmirtatioh esrepdated ot conpinaded fnl thevdersktg slefprmthatdon.obhis
measurenment difficult. |]n addition, jn natural gas Qproductign, the gas. may
be passed tlﬁﬁl@g%eﬁor@g{;&qrgy@ﬂxlop WOM‘BYWBI"%Q%? H’B’twgﬁlmﬁﬁ?}"’ﬁ@teﬁ quaH) to
remove wat erto“xﬁa@ﬁﬂ&@‘%ﬂe@?ﬁdéd?ﬂd%? rial. However, this drying process can
result in sone of the drying [ qui becom ng entrained in the gas flow

mat eri allS Thi s i Oreapphchtion@fiadibraomg flowdubeadevic2his dhsoried abdne igas f | ow
mat eri al includes sone |

1 ow mat er | APSSRERE f HBFLAGE TP aGAdeT NN FHEL O DPSAABIFHI P AR A prior art
approach t o fRashHdoBe8PPoduca¥h Fdf] #kMGkun bd Athih EhOYor dx@fibleOH dveveef)
nmeasure an average density. The prior art can determné when the density has
devi at ed the gas from a well typically does not exist in a pure state, and contains varying amounts
of impurities, such as water, for example. Therefore, the gas flow material can contain a
20  mixture of gas and liquid or liquid particles. This two-phase flow makes production
measurement difficult. In addition, in natural gas production, the gas may be passed
through a separator that uses glycol (or other drying liquid) to remove water from the
gas flow material. However, this drying process can result in some of the drying liquid
becoming entrained in the gas flow material. This is termed liquid flow fraction,
25  wherein the gas flow material includes some liquid or liquid particles. Measurement of
a gas flow material that includes liquid flow fraction is problematic.
A prior art approach to measuring a gas flow including a liquid flow fraction is to
measure an average density. The prior art can determine when the density has deviated
from an essentially pure gas flow and disregard density information when a detectable
30  amount of liquid is entrained in the gas flow. Alternatively, the prior art can correlate

the average flow density to known values in order to obtain an average gas flow fraction
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froman essentially pure gas flow and di sregard density information when a
detectabl e 30 anount of liquid is entrained in the gas flow. Alternatively,
the prior art can correlate the average flow density to known val ues in
order to obt avo:2ema/16a68r age gas flow fraction anount. 3 WDCZOB6d04/060620

PCT/ 1152006/ 009272 However, this prior art approach has drawbacks. The
average gas mass flowrate is not highly accurate in many settings, such as
where the anpunt Bpweveputhis pricsarapareachnas drewbackst TaeiaveragSgemmass o ratee

e achi oved PRy Fad DO ARRT BB SRk AR R AN R AP

determ ni ng & fhichutilgf | ow fraction in a gas flow material flow ng through a
flow meter. Meter electronics for determning a liquid flow fraction in a
gas flow mat Sumamaryrefdhe fglugtenough a fl ow neter is provided according to an
enbodi ment of theqy i.0R. oni co L.Ses ar

i nt erfacegf or rec@@?‘%&’t egggithff' Brs%n@%%é?glxg({i Slg&r%n %dvéggeo EEB égﬁgso?p%%vge%al
from the fl ovroediethe prsbidombOmens Elgirenisd £1d rhéth6dy ot deteahingiy a Wid flohe
interface. The processing systemis configured to receive the first and
second sens&ECEIRA gas teeial fipwingslvevghie flopnmnpér.a substantial ly

i nst ant aneous flo r i £ . gas terial [ first
sensor signal and efﬁeté‘ egegg]g @gg‘%rﬁfs%ﬁ%ﬁg% a?,ffoggﬁ%gﬁfo&@ﬁ?agg%grgﬁt{eﬂg]‘ |y

i nst ant aneouslofvirg/thsdugganide ngtdr s provided heasding B¢ a® EmbBodipteat6f 1Be iMveatogas
density that is representative of a gas flow fraction_of the gas _flow

mat eri al 1@nd The pretaelesiranice gompiases an dalaepqofor Feeiving & Bist senspn agnaland a

liquid flow i . i b gul . i e
conpar i son. RECES Suftle B A0Gh oAl relf ahl fitkepsi b L ARl AI®
gas fl ow mat evihathe indéHfdde 0 Wha @rdcesspsysent is@onfigired td Scpive tedfdt agicetstidng to
an enbodi nent of the _invention. The neter electronics conprises an

i nterface fopensecEgwalngon the mierfacendyerming s sybstangally instaatangoussiian sireany nal
fromthe flo I 54 I - j i i he
interface. T gﬂgﬁg}gé@g r‘?glog{/’g’f% %%ﬁil lg’gnc%%@ itﬂg%]rsé%og gl%ggé'? \‘:‘/H;éé ?%é’n%érng?rt and

second $&nseignsl, gnapare ticsubbtastidlntiasthaseoug gloer Aicemaded SityRgt easphiassf ashi f t
fromthe first sensor 25 signal, conpute a frequency response using the 90
degree phase PEMetrmied gandersity diat isngpresentafivgrd|a ag dowt frggiion of theggps am

density of the:gafahd 9 %e'a@%eﬁmn% liﬂﬁf-d%ngiﬂﬁthfd{ i§ 945t Bethtative of a liquid flow

fraction, and determine the liquid flow fraction from the comparison.

Meter electronics for determining a liquid flow fraction in a gas flow material
20 flowing through a flow meter is provided according to an embodiment of the invention.
The meter electronics comprises an interface for receiving a first sensor signal and a
second sensor signal from the flow meter and a processing system in communication
with the interface. The processing system is configured to receive the first and second
sensor signals from the interface, generate a 90 degree phase shift from the first sensor
25  signal, compute a frequency respense using the 90 degree phase shift and the first sensor
signal, determine a flow stream density of the gas flow material using the frequency
response, and determine the liquid flow fraction from the flow stream density.
A method for determining a liquid flow fraction in a gas flow material flowing
through a flow meter is provided according to an embodiment of the invention. The
30  method comprises receiving a first sensor signal and a second sensor signal from the
flow meter, determining a substantially instantaneous flow stream density of the gas

flow material using the first sensor signal and the second sensor signal, comparing the
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response, and determne the liquid flow fraction fromthe fl ow stream
density. A nethod for determning a liquid flow fraction in a gas flow
material flowing through a flow neter is provided according to an

enbodi nent of woleos/now@at i on. The 30 nmet hod conpri ses receltGa/vR0®/0p4275t
sensor signal and a second sensor signal fromthe flow neter, determning a

substantial ly.instantaneous fl ow streamdensjty.of the gas .flow nateri al
using the fiTopeawnsterRequs iy Yoeaneaahntont It oW AT g A 85 the 4
WO 2006/ 1046805 Hab 83 Mestivedf 4 gds RowTresba bt ihdlgday flowshaptianegus f1 ow
streamdensity to at |east one of a predetermned gas density that is

r epr esent at i Mede¢rmineshBquifl denditydbatiivreporsenthiaveefs liquid/lom feadtigh, 2ndd a
predeterm ned | i quid densi. that .is esentat.ive of a liquid flow
fraction, an ter&_lggm%l%ud‘_ti?]ﬁgﬁ(’&ﬁpggc’?r%’\f/_c???_&??%n fromthe conparing. 5 A
net hod foy det er ni Ridiifodfok deteirHinid gNidui@ Elbwoackitn #n §@8s flbWwhAtBi & fio¥ing | oW ng
through a flow neter is provided according to an enbodi nent of the

i nvention, Theoughetfwyd mesarps prowsled eecordingdo an einbedimeshelthe dnvgnton. ahle a

d i 7 he flI ) ' 90 d
STt ot om el PRtk bod g 1 0P8 sBief epflRe e B0 Rniy FEELERRAREST g
the 90 degr eRophas@, sétekdting b0 degrdd phate SHAFVmM Heda sendd? sp@bE Pt & 1 ow

stream density of t he gas flow naterial using the frequency response, and
det er ni ni ng FeaueneyyiesEorse v9ing the ) degree phase suttfand theslirsbsomserenigialy.  Aspect s

of the Ipyention.ln o e f.the.neter, el ectronics rgcessi ng
system i gyf urétt?{gjrmmgquvgg&eea%%FOHSH¥P§P}%5§§ ﬂf) Werﬁétggglms&g t1h% %%9?(3{13? 15 In

anot her aspegkpdhise,ldnd déf&r@[ni? felliqait B6w faborPfromane oY shxamainsisy. f urt her
configured to generate a 90 degree phase shift fromthe first sensor signal,

conpute a fAspastseithedsyion usi ng the 90 degree phase shift and the first
sensor signal, a 1 t S tanti Lnst e ow stream
density using thg(Ijl P g%%ﬁé;?(%%F ggeggneg%?roﬂ}rs,ltﬁé biotce%?ln(ﬁ%%%a{sgﬁ%‘{‘érof the neter
el ectroni cs, cdifiguitdas deimtheINS ERMdve fihetidoher configured to deternmine the
flow streamdensity b squartimr;g t he frequency response to generate a

squar ed ¥ equencylnrasspensweeief thowester plegremnies, ippieewssingsysiendy furisponse to
generat e e, femr ol h SAMLARNN] dogrdd btd o HollFthe 3ERSERsc bighllE BbHe o

el ectronics, processing s
frequency response using the 90 degree phase shift and the first sensor signal, and

determine the substantially instantaneous flow stream density using the frequency
response.

20 In yet another aspect of the meter electronics, the processing system is further
configured to determine the flow stream density by squaring the frequency response to
generate a squared frequency response and inverting the squared frequency response to
generate the flow stream density.

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

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

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

configured to compare the liquid flow fraction to a predetermined liquid fraction



25 configured to generate a 90 degree phase shift fromthe first sensor
signal, conpute a frequency response using the 90 degree phase shift and
the first sensor signal, square the frequency response to generate a
squar ed frequemcyodiesgpense, and invert the squared frequepEyusBshpnse to
generate the substantially instantaneous flow streamdensity of the gas
flow material. 30 In yet another aspect of the nmeter electronics, the
processi ng s{seshaldi andfsgramaarm eenditioquif dhe liavid Bayydrastionexsdeduthg f1 ow fraction
to a predetery 1 Laul o of ' 2006/ 104690 PCT/ US2006/ 009272

t hreshol d anéﬂgggggﬁcgﬁ gﬁ#&@ﬁéﬁﬁﬁgﬁol the liquid flow fraction exceeds the

predet ernmined | i oyt bicthér 43pedt BF Gfeliadiek cledironfds, 1B QtdweEsing PB6m Bffuithe neter
el ectronics, the processing systemis further  configured to deternine a

f1 ow stream eeHtgufsy tofdeteraingastlow stearn densitylof thedyas dleav mpiesiel Hormdhes st si gnal
and the seco i I 0 [e. i . ast
one of a b oadearBAl 4R M ¥ecorWRRY e olinie T RATLHENS Wboid o 3 10
fraction of btheofimgreddtboninedhpsy denkitpmndt B rgpretaiativeionedad flewifchctemsf thy gadat

is representative of a lLiquid flow_fraction, and determne the liquid flow
fraction frofPwiBatedahsad pdedetermuiged: igyddansity thap sceperentsvepipdiquid flow

el ectronics, C ] ther i Ji the substantially
i nst ant aneoug%ﬁ%lw S @éetg%%aée#{seilpﬁ%gggﬁéfﬁ@%&gé%gg%ﬁ%%at | east one of a
predet er m ned gasIndenandtiiertd3péct io$ tHeansteseedtiiicscthefcompgeng further Esraptidesn of
the gas flow material and a predetermned liquid density that is

represent@t i gemparing the syhstantipllyipstantasepusdlow pirgam densy fep deepaein 2¢ 19 #e

nmeter el ectroni.c 1 Ny L4, qui - t r
Conpr i ses. defartitsica St A b AT Spros vl {PEIAP A g ¢
and a drive gaigas flow pigterialneidhesreéaaedhediiquid Gemitl ehatéd @pidsenthtive oftdidguid ow
nmeter conprises a Coriolis flow neter. In yet another aspect of the neter
el ectroni cs, loWdTactigny net er conprises a 20 vibrating densitoneter. In one

Fhction. | n-anot hor SR BRI hoURt o ECERN D REFFEMAUPSEnoe, T o

generati b§ afi@btion further comprises determining the liquid flow fraction from the flow stream

density and a drive gain.

In yet another aspect of the meter electronics, the flow meter comprises a
Coriolis flow meter.

In yet another aspect of the meter electronics, the flow meter comprises a

20  vibrating densitometer.

In one aspect of the method, the method further comprises determining the gas
flow fraction.

In another aspect of the method, the method further comprises generating a 90
degree phase shift from the first sensor signal, computing a frequency response using

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

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

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

condition if the liquid flow fraction exceeds the predetermined liquid fraction threshold.
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degree phase shift fromthe first sensor signal, conmputing a frequency
response using 25 the 90 degree phase shift and the first sensor signal,
and determ ning the substantially instantaneous flow stream density from
the frequencyWk¥pad@® | n yet another aspect of the met hoRCT/USmodamwotind
further conprises squaring the frequency response to generate a squared

f d i ti h d, f . , t
o subst ant 1 ol | YRLEIRRSASRAFE OF 8 QL A sy s Ll DRY Yonetmar
aspect of t hay et fifbrisel SorBiHRANE Wbl 1BeaRURRELSB St RASTHeI 79 préifteririnttal d

flow fraction to a predetermned liquid fraction threshold and setting an
al arm condi gasalensify thhtds répgesedtafivoof 4 gacilow fractiaeeldbe gaeflpw enperéal anded

| i idf ti t hr. ld, .6 006/ 104690 .PCT/ 11S2006/ 009272 | t
ot ey hee By RET Rt dBns B oA At O G A0 PHaRAePdc: ] o
further coONPRLEAENFRTRARANG floRefridiRW fidoh BRToAASKEY tO at |east one of a

predeterm ned gas density that is representative of a gas flow fraction of
the gas flow nat elniyst anatberaspgst efitie enethork thel detgrimdnidg the liquid Aaw frastion

representatiyve,of a |liquid flow fracti.gn an . determ nin he Liquid flow
fractson fr ofres Sy g ife/bd ik el fadisedtoh i hY sp oty and
determning 4BAvé bani d flow fraction further conprises determning the
liquid flow fraction fromthe flow streamdensity and a drive gain. In yet

anot her aspect ofIntyebanathéradpect nbtheangthed. thy dompaniag fethmscompeisesoeppeating 10
t he substantij.al | y inst.antaneous fl.ow streamdensity. to a drive, gain and to
1 east [ One gl R BT DOV SAERRAE G Pt Ref LR ol o Gas
flow fracti oppRidelchRingd@gad 4ty Bk B replesdtiidivd dPh Qe fI8wArdidn lof fHéi gds dRRsi ty
that is representative of a liquid flow fraction. Description of the

Drawi ngs 15 Matsrighansd 7 pedetemainedligijd densfyrtbatdnrepreshetay eligudflowon al |

dr awi ngs. Fth. 1l illustrates a Coriolis flow neter in an exanple of the

i nvention: FIE&E"% shows neter el ectronics accor di ng to an enbodi nent of the

invention. PeéariplionSofahé DRWRiadst of a method of processing a sensor signal
ina flowmeter according to an enbodi ment of the invention, 20 FIG 4 shows

t he net el el ect r ohhesamegeBreticnguimbenrepeasents theesamesiernens onpllghaviogs. FIG 5
I's a flowchart of Fi&. qelhlr}s%jatt%fa OrIol ¥ cgvp gaeteirrﬁ E’m gfa?np €eP Hl% iRven i(C))Irl; signals in
FIG. 2 shows meter electronics according to an embodiment of the invention.
FIG. 3 is a flowchart of a method of processing a sensor signal in a flowmeter
according to an embodiment of the invention.
20 FIG. 4 shows the meter electronics according to an embodiment of the invention.
FIG. 5 is a flowchart of a method of processing first and second sensor signals in
a flowmeter according to an embodiment of the invention.
FIG. 6 is a block diagram of a portion of the processing system according to an
embodiment of the invention.
25 FIG. 7 shows detail of the Hilbert transform block according to an embodiment
of the invention.
FIGS. 8 and 9 are block diagrams of two independent branches of the analysis
block according to an embodiment of the invention.
FIG. 10 is a power spectrum density plot of a pick-off sensor signal of a flow
30  meter under normal conditions.
FIG. 11 shows 2 Hilbert transform block according to the single phase shift

embodiment.



a flowreter according to an enbodi nent of the invention. FIG 6 is a block
di agram of a portion of the processing systemaccording to an enbodi nent of
the invention. 25 FIG 7 shows detail of the Hilbert transform bl ock

accordi ng to Wy e3hedbgrent  of the invention. FIGS. 8 andp@raksbbdsk
di agranms of two i ndependent branches of the analysis block according to an

enbodi ment of the invention. FIG 10 is a power spectrumdensity plot of a
pi ck-of f sensor SiIgni? stufwsathe kealysigblogke fathesitgle phasershift emhoditieohs. FI G 11

h Hi | bert bl ock ding tq.he sipgle ph ifr .
ebodi ment | 7 wolIH0ss PHTEE GRS tT0BkTOESE 1be Teerlich 55 BGaEed b e arigr
bl ock for thgt sileedi€a BRRSBFERWES (LA 5BRCh iFddmpaled. Shows the sensor

processing of the invention as conpared to the prior art, wherein a tine
difference (At) VEGué4 slfovesibhmeter aniselaccprding tojanstiwnsmblodinmet of the

el ectronics .according to another enbodinment of the 5 invention. FIG 15 is
a flowchart 1Eﬂ’ergmﬂ‘ethod for determining a liquid flow fraction in a gas

flow material flquigngsidy AbGBhat o OWeiiBl T6r RESGRIMHPY RiPNoSTRRALIENY gaf the
invention. FIG .16 is a graph of a natural gas denSity versus glycol

per cent age (flove. matefigluifldwirlg) throogh far dlowi ometer B¢cGrding tosam embtmdohentt obthea
met hod for detertm' ning a liquid flow fraction in a gas flow materi al
f1 owi ng t hr JAEH"8%f | ow neter according to an enmbodi nent of the invention.

Detai | ed Descri ptpign 16fis b RSaphnyenhitenl bas bddsRy virshd gBRE] pBedifid QW Muid

description depict specific exanples to teach’those skiFI ed In ?he art how
to make Hhd flewe fitabigor)est node of the invention. For the purpose of teaching

vent e b1 nci hEs, SOMG Convent| ool aspect oy oy ReehSLBLLLL 84, or
:’; f‘”\?\ﬁ' Ff ;Bgifrl%\ié ﬁg%teeﬁ%gp\»{?%ée REroRERRE MRt ifer RVERIhE Mo NS Hborithbdtesr ik t he
invention.
Detailed Description of the Invention
15 FIGS. 1-17 and the following description depict specific examples to teach those
skilled in the art how to make and use the best mode of the invention. For the purpose
of teaching inventive principles, some conventional aspects have been simplified or
omitted. Those skilled in the art will appreciate variations from these examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
20 features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.
FIG. 1 shows a Corjolis flow meter 5 comprising a meter assembly 10 and meter
electronics 20. Meter assembly 10 responds to mass flow rate and density of a process
25 material. Meter electronics 20 is connected to meter assembly 10 via leads 100 to
provide density, mass flow rate, and temperature information over path 26, as well as
other information not relevant to the present invention. A Coriolis flow meter structure
is described although it is apparent to those skilled in the art that the present invention
could be practiced as a vibrating tube densitometer without the additional measurement
30  capability provided by a Coriolis mass flow meter.
Meter assembly 10 includes a pair of manifolds 150 and 150", flanges 103 and
103" having flange necks 110 and 110", a pair of parallel flow tubes 130 and 130', drive

g



20 features described bel ow can be conbined in various ways to formnultiple
variations of the invention. As a result, the invention is not limted to
t he specific exanples described below, but only by the clains and their

equi val ent's, wb@ochoghows a Coriolis flow meter 5 conpri sipg@R086HRE72
assenbly 10 and neter electronics 20. Meter assenbly 10 responds to nass
flowrate and density of a process 25 material. Meter electronics 20 is
connect ed t eckanism 488grinpyrafife vérmot Eikiand @pair of pelosiiydeensend 7@l andrb3R.f | ow

i of mat | on FRGY Pper Lanid £ e WecsemmRRl dufegite et P i BV Riowister
structure igsq85ahd peg vﬂh&the&ﬁ@{]gegow&d@@mr&ﬂér attﬂomaﬁénﬁahﬁﬁ%e'ﬁnou& e art

that the present invention coul practiced as a vibratin
densi t onet eangil Z2Hofitow tubea didl andhH]' benskat twe mpnmetr3@l bapmslaﬂqqgtpclohnaﬁd by a

Co I fl 10 d f folds 150
ond 50 5F FRh SRR her gt Rgb e Ryl R e RontReonar r of
paral I el fl Quikdieshap aﬁacvvﬂa%@utwgfcmsch@ombm@m%69o PCT/ U52006/ 009272

mechani sm 180, tenperature sensor 190, and a pair of velocity sensors 170L
and 170R.  Fl ow Thbeide 138 13hdl 3i3end el é34' b flesstebes HI0 qndslﬁﬂ‘aargtﬁ'm{edlml et | egs

131 and 131' and | et S 13 and 4' ch conv ot her
B ow ¢ unStRBGAES REvirbe RSt biang 12ge 1R o SIS R Hns e e ot
two symetriagalhel @&ﬁfahfw@s @B@Qﬁd 15 Thisehlilles ANENBER G538 Mdtdid) pagpar al | el

t hroughout their length. Brace bars 140 and 140" serve to define'the axis W
and W dbouﬂmmhg}cﬁonalaﬂmﬁﬂeowsembb/ Hscillates. The side legs 131, 131' and

134, 134" of fl b A3 fj hed tq fl b
mounti ng bl ocks SRPARREE (7 Hid hdeBnnoler 02 g PO % Ghateied oy el
attached to .qanpd %@&utﬂe’?@n@m@h }o8'a pridis SRy 81\6t vAREH BB pkR3Rd

material path 10 through Coriolis rreter assenbly 10. Wen flanges 103 and
103', havi ngndieriathat @Pbcamgime@direda metarah ergetseedd 10# af thel meter tunelighG aifdeout | et

o1 104 o e BerSED har i i el Sy e PSR
orificeq510%, 1ﬂ§falsﬁﬁ9@e 03 WinkAsEHE 50 ﬁfe%ﬁ&im&&fvﬂieg %%Q%}ggd EHFE@LYé 1 ube

nmount i ng bl oc 20 15 having a surface 121. Wthin mani e materi al
is divided dioevfubes aﬂdr]dtﬂgmpcﬁﬂ enititgibes 10 140dnd 380", thejpooceesantierigl 11 ow

W thi ' an; FEIOBON AR S sren BRhepan il 430 G0 peane Toued 1o Gxteid 7
104" connected by flange 103' having bolt holes 102' to the process line (not shown).
Flow tubes 130 and 130’ are selected and appropriately mounted to the flow tube

20  mounting blocks 120 and 120’ so as to have substantially the same mass distribution,
moments of inertia and Young's modulus about bending axes W--W and W'--W',
respectively. These bending axes go through brace bars 140 and 140", Inasmuch as the
Young's modulus of the flow tubes change with temperature, and this change affects the
calculation of flow and density, resistive temperature detector (RTD) 190 is mounted to

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

30  change in elastic modulus of flow tubes 130 and 130' due to any changes in flow tube
temperature. The RTD is connected to meter electronics 20 by lead 195.



104" connected by flange 103" having bolt holes 102" to the process |ine
(not shown). Flow tubes 130 and 130' are sel ected and appropriately nounted
to the flow tube 20 nounting blocks 120 and 120' so as to have
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mechani sm mﬂaay%h@oaméﬂtysﬁgﬁﬂya%ﬁaﬁngt)n IRAY 1881 hndK O rédpeain@Pebter such as
a magnet mounted to flow tube 1 5 an opposing coil nmounted to flow

tube 130 askectremictidfhpratie thenduave egmsétappvgnug on deatd 18§ to grive elemicot 180 andat i ng

both fl t yb t

20, vi a1 edtprabintes S RROLnC el disoRtss 2 pfEPoser Hed¥ AR Eono N ves the
RTD t enper gfghiie afih ARATIO 'ng'nﬁlat@ c%%ute&ﬂ@'nia@@ﬂodv@ﬁt% aﬁ@%er deﬂE‘i‘ty ¥Ehe hatdtia$i gnal s
appearing on | eads 165L and 165R, 'respectively. el ectronics 20

produces 't pessd’rgl th@ugh gresdr aagepady il g Tos infoadati®s atongdw'lt}v@heﬂ igfrematigigGs and
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information, along with other information, is applied by neter electronics

20 over pafnhe a@tarslegtrohics 30 caminehulngn 2gerfa® 261 @nd2 pshesasingrsysem @0acTheni cs
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I I /T I R
10, such as pickoff/velocity sensor signals. The meter electronics 20 can operate as a
mass flow meter or can operate as a densitometer, including operating as a Coriolis flow

20  meter. The meter electronics 20 processes the first and second sensor signals in order to
obtain flow characteristics of the flow material flowing through the meter assembly 10.
For example, the meter electronics 20 can determine one or more of a phase difference,
a frequency, a time difference (At), a density, a mass flow rate, and a volume flow rate
from the sensor signals, for example. In addition, other flow characteristics can be

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

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

30 frequency reference signal. This advantageously reduces the processing time required
in order to compute the flow characteristics. In another embodiment, the phase

difference is derived from phase shifts of both sensor signals, while the frequency is

10



meter electronics 20 receives first and second sensor signals fromthe neter
assenbly 10, such as pickoffivelocity sensor signals. The neter electronics
20 can operate as a mass flow neter or can operate as a densitoneter,

i ncl udi ng opwoadiduy4eds a Coriolis flow 20 neter. The net erCrUR0G6100927CS 20
processes the first and second sensor signals in order to obtain flow

characteristics.of the flow material flow ng throygh the nmefer assenbly 10.
For exanpl eqe“t"ﬁ%ﬁ'ﬁﬂﬁlyép‘é%\fﬂarsﬁﬁ ifisigngl.c his insreases aﬁ%a‘ﬁ’rogrhﬂﬂéﬁﬁw a phase
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rate, and a v ow rate sensor signals, for exanple. In
addi ti on, ot her THeqnioe hetfaqtercysietermimation eettitids dgtieallyi talel!-dcecordishg t o t he

i nventi on. Thfe determ nations are discussed bel ow, The cphase,di fference
det er m nat i RSALO8Rd ?ﬁ@’?@b&%‘%ﬁ}‘eﬂﬁ deieRTHBAt QRRegerding 1R fhe Wy entign caRenpr e

accurate a L N 1 pat i i } atihf) ;ONe
rbod; mant. iognedlt & IfioRs 50 M SERIIAAL RS fidtr oy detelrinatibf i
det er m nat | cnteampdatedii dependiyg dethievppe dndoronfigplatiee ofthefproassing bystamahsensor

signal, wthout. the need for any 30 frequency reference signal. Thi

S doaat ageouSIIPIRE e 06 edoTan TR cispamse; PhaTicbeEs Bt CECRIBIRdReb FooRbut &  he
fl ow chara i i ?H.[Eﬁ'{ dj i I is
derived frgﬁggﬂigeﬁ@lfﬁys@ég ot%&ggﬁé%l%tgn%ﬁoggﬁ?lggc%gﬁ rtgt%égncy is 10

WO 2006/ 104i6i9éhtieGTaAlbR2 @Gt AOIRTR faster therethefpriomadnl y one phase shift signal .
This increases the .accuracy of both flow .characteristics, and both can be
det er mi ed nuch ﬂ&é{l@rféﬁ%ﬁl FeRCIY Bt senspr sigeel frpmeong ShsbS Tpio%HY Sy

det er m nat i pfpy hy iy B Vi - | ycontrast,

t he frequency Lg%{de?rdﬁﬁng%?igﬁ@%gcgpgk%ét% ’flﬁiﬁﬁ%@%??%ﬁﬁé@éﬁfﬁn yperfor med in
as littl e asecbamy drldesieedsighl cosditiotiugrsutiast mry mareguenhifoymdeingr m nation is

cont enpl at ed, endi.ng.an the e and confi gur.ati.on,of the pracessing
system the R F‘P‘F?d’“?@f‘@g’o?tc't‘%ﬁg BY‘%X’#SBW&IO PEOf Hifssignal ﬁ%ndf‘ﬁ?l’llﬁg °q} Yes,

the deci mtﬁ&fbrﬁl@&%the?}&esﬁ S);S%E@lms frequency determnation rate, the
neter electronics 20 according to the invention can be about 40 tines

faster than the lpradditiony the imterfadec2Glvae chadec@tbunisetinsdstwim thenstr si gnal
o O bt i R e 1 BT MR SRR S
AT ornat | el o e A B or R o ndi 1 oni ng. can bé _performed in
t he processi ng shstieterfa08201 in one embodiment is coupled with a digitizer 202, wherein the
sensor signal comprises an analog sensor signal. The digitizer 202 samples and digitizes
20  the analog sensor signal and produces a digital sensor signal. The digitizer 202 can also
perform any needed decimation, wherein the digital sensor signal is decimated in order
to reduce the amount of signal processing needed and to reduce the processing time.
The decimation will be discussed in more detail below.
The processing system 203 conducts operations of the meter electronics 20 and
25  processes flow measurements from the flow meter assembly 10. The processing system
203 executes one or more processing routines and thereby processes the flow
measurements in order to produce one or more flow characteristics.
The processing system 203 can comprise a general purpose computer, a
microprocessing system, a logic circuit, or some other general purpose or customized
30 processing device. The processing system 203 can be distributed among multiple
processing devices. The processing system 203 can include any manner of integral or

independent electronic storage medium, such as the storage system 204.
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15 In addition, the interface 201 can enabl e comuni cati ons between the
neter electronics 20 and external devices. The interface 201 can be capable
of any manner of electronic, optical, or wireless comunication. The
interface 20W0 moondé®nbodi nent is coupled with a digitize€T/2ZOD06/MBT2ei n t he
sensor signal conprises an anal og sensor signal. The digitizer 202 sanples

and digitizes 2Q.the analo ensor signal..and produ a di.gital sensor
signal . The di gi &PQB_?OCEW%%ﬁ%g} 2@ %8?%575@%1%?5%6%@@333%& W&%t&éetmeei n
the digital o5688RIrsfION dharastetlgifds TnetheisBndRf Sighal 10, 'R Wae of Adrafmernt of

si gnal processing needed and to reduce the processing tine. The decimation
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circuit, or _sone eneral pur cust.om.zed [ QCEeSSi Vi ce.
The process ipﬁaseﬂ}ﬁ gﬁ 2 %rgﬁe%%gc??%%ﬁiz% {8Y aéalﬁgﬂlﬁe %]Ie?ﬁﬁﬁee&%arsg ?ggeg?nﬁ%

devi ces. Then@ecesfensy SYMUBITWAIEnSeHbidnal] 1dand 2y 1 Hhd A sigfle pRist@hiH or
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210 and 211 and the single phase shift 213. As a result, either a first or
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downst r eam pj i C r SS h SSi S 203
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material. characteristics routine 218,
In one embodiment, the storage system 204 stores variables used to operate a

20  flowmeter, such as the Coriolis flow meter 5. The storage system 204 in one
embodiment stores variables such as the first sensor signal 210 and the second sensor
signal 211, which are received from the velocity/pickoff sensors 170L and 170R. In
addition, the storage system 204 can store a 90 degree phase shift 213 that is generated
in order to determine the flow characteristics.

25 In one embodiment, the storage system 204 stores one or more flow
characteristics obtained from the flow measurements. The storage system 204 in one
embodiment stores flow characteristics such as a phase difference 220, a frequency 221,
a time difference (At) 222, a mass flow rate 223, a density 224, and a volume flow rate
225, all determined from the sensor signal 210.

30 The phase shift routine 212 performs a 90 degree phase shift on an input signal,

i.e., on the sensor signal 210. The phase shift routine 212 in one embodiment

implements a Hilbert transform (discussed below).
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The storage system 204 can store flow nmeter paraneters and data, software
routines, constant values, and variable values. In one enbodi nent, the
storage system 15 204 includes routines that are executed by the processing
system 203. Iwoome1@sdmodi nent, the storage system 204 st opes/vazopéieszr2shi ft
routine 212, a phase difference routine 215, a frequency routine 216, a

time dlfference t) u e 217 flow ch istics, routi,ne 218.
In one enmbodi mentl® eﬂ’h%geéi‘ %GWEP%%§ e‘?ll%‘fsé’sp itj‘gfﬂr%el}‘é’é‘& ]'t“bSlB%lErate a
20 flowret ergg &E&Q s e 9?3 ' Rh&ﬁloﬁélqmoﬁﬁﬁt%n &in aldd®eslsel ﬂ%rd%b/

in
one enbodi ment stgﬁes vari abl es such as the first sensor si g Zlé)%and t he
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phase shift on an input sign ., ont sensor signal 21 The phase
shift routi resceldnipddition, therbbate efifierendernah derdptesmimediindspendent afibe drequency

(di scussed b 12 WD 2 9Q, PCT/ US2006/ 72 .The phase difference
routi neS@lS %Jgﬁﬁl%rrﬁeﬂsé% Sl&“ﬁﬁg@{ %ﬁf &@ﬁ%@riﬁcﬁﬁeqﬁ%}%ﬁsﬁsfg ®dtgree phase
shift 213. AfgirkiRaahddpRh@mBidfae Féheddss an bﬁroy@&ﬂpddan%c{ﬁé hye GPfRed@® the
phase difference. The phase difference i'n one enbodi nent is corrput ed from

the first sings mt 1B¢lgdmn errox, camrengaicditle Lequeoey éetgmranatmmz eatgre @090

degree phase_ sh 213. 5, ned hase di &rence be.stored in
t he phase dlchfruogﬂ%%gﬁlfﬁl Hlftﬂ?ﬂgasgt%bg‘%f Prgmeg onlsﬁ%ueﬁ'ﬁlgstél (?P?Sfeerence
when deter mmﬁ&eﬁé@éﬁdrhsere%chwa%ajetdlﬁé@ncec@"théﬁnop@{cul ated and obt ai ned
much faster than in the prior art. This can provide a critical difference

in flowleter apﬂihﬁémqum rulina) hdajgrminesw esqme@csdwsumtbatmmhne@hase flows

occur. In addition erence c n _be det ndent of
the fr equenc‘cﬁ/tlh rOt(P1 Fvlrset SWF@’F Sl@Bﬁldiolb o |ﬂéenS§PO VT s&gpf%f)hﬁo&} g}edfog‘gc%?fse t he
phase di ffergaseshif213. The determined frequency can be stored in the frequency 221 of the

storage system 204. The frequency, when determined from the single 90 phase shift

213, can be calculated and obtained much faster than in the prior art. This can provide a
20  critical difference in flow meter applications having high flow rates or where multi-
phase flows occur.

The time difference (At) routine 217 determines a time difference (At) between
the first sensor signal 210 and the second sensor signal 211. The time difference (At)
can be stored in the time difference (At) 222 of the storage system 204. The time

25  difference (At) comprises substantially the determined phase divided by the determined
frequency, and is therefore used to determine the mass flow rate.

The flow characteristics routine 218 can determine one or more flow
characteristics. The flow characteristics routine 218 can use the determined phase
difference 220 and the determined frequency 221, for example, in order to accomplish

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

example. The flow characteristics routine 218 can determine a mass flow rate from the
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determ ned i ndependently of the frequency, an error conponent in the phase
difference does not include an error conponent of the frequency

determ nation, i. e., there is no conpounding error in the phase difference
measur enent . @UW@%W&@HtIy, the phase difference error isPGHERGIIRT2r a
phase difference of the prior art. 15 The frequency routine 216 determ nes a

the second. LHERffelaThn23D) shd BErete i) B b RifrbieRle PRNRR g plAReR O ©F
det er m ned 22l (lienfoymulafobéetatmniag mass floe rhteeqleraﬁym P Ratent Ne. 5 929662 e
system 204. ,Elel frequency, . when dgcijﬁrm romthe single 90 ha hi ft
213, can betocHtle el flodfndiz nsatRort ‘FFE’@H’YfTS cet &R Mg ﬂﬁ%’rﬁﬁell%@ a&?‘fto Thi s
can provi degg sﬁ%b}dﬁﬁiwﬂia&ase B nicfler bl QDI 6 LARRALCfHel RS havi ng i gh

flow rates or ere nmulti- ovvs occur. erence (At)
routi ne 217clbedcteristioeouding Qh&cah fltedeemeng Ate)dehatwEBiandl/drahd vmlsmeikmsor

signal 210 and se ond senso ignal 211. The tine fferen & can
be stored i F&#e t ass ory st 50, MY LPR g Telfstanie fhe

time 25 di fﬁx‘%ﬁﬁz&%?lo(ﬁa?e &@”&fe‘cﬁﬁét}ﬁ%h@d‘{h'e%wnéf% A &91%%4‘“ vi ded

by the determined frequenty, and’is therefore used to determ ne the mass
flow rate. ikspectively. dmadchubm,rthsﬂows:hm(autenstmszmbcmansmnﬂsdmo ercemakbdavicespr e
flow charagteristi Cﬁ The ow characteristics routine 218 can use the
det er ni ned g\ﬁﬁ@éﬁetﬁﬁ??%oé‘ilfé 9220 and the deternined frequency 221, for

exanpl ejgi n or depid,a ;26 ¢RMRKAE B0G 81 b RRERIAAPIddEN é‘ns&%gﬁ%ﬁ%ﬁ&\hﬁéﬂeﬁ 't

shoul d be understood that additional 1 nformtion be Tequired for these
det er m nat i esrerdisg thanasnbdibmestsy the mwentame lostedS0§) ﬂhy ﬁrst(and secoadpémsor The

fl ow characterllstl CS r%%ézw can det rmne a maiE flow rate fromthe 13
WO 200611048602 PEF/TEE3GE6/ ﬁzsenqugna FaNSOBRLISC PIARTF 28 IPSTAYOF her ef or e
fromthe ph%@nglleg iORTeseRdQ @gyphit he frequency 221. The fornula for
determ ni ng nass wrate 1s given in U S. Patent No. 5,027,662 to Titlow

et al., and is ihmbam‘iﬂht}@obehmrelgmabwam bé eomhicenedTHe onmembbdiownt, ahlea is
rel ated mass

o o1, iR cdninrude etk Baeraynaisd sl sERS Brdiene. ¢ he

density 224eﬁ89¢419fen€ ka% NMedriERah oW ngasﬁld%?a‘és ﬁﬁ&%@@n@e&@& BRUnMBRexbbQua r at e,
density, and volunme’'flow rate can ge stored in the mass flow rate 223, the

density 224 fursdavientabireqieney o6 foiv mher.sinddigmns sr&neemrmzbmng eppatmseat y. | n
addition, the @ aWeaN A% Shipthbston Bt ANt S&kot QeRiik BhnBlisieV! ces
analog signals, the step can further comprise any manner of sampling, digitization, and
20  decimation that are performed in order to produce digital sensor signals.
In step 303, a single 90 degree phase shift is generated. The 90 degree phase
shift comprises a 90 degree phase shift of the sensor signal. The 90 degree phase shift
can be performed by any manner of phase shift mechanism or operation. In one
embodiment, the 90 degree phase shift is performed using a Hilbert transform, operating
25 ondigital sensor signals.
In step 304, a phase difference is computed, using the single 90 degree phase
shift. Additional information can also be used in order to compute the phase difference.
In one embodiment, the phase difference is determined from the first sensor signal, the
second sensor signal, and the single 90 degree phase shift. The phase difference

30  comprises a phase difference in the response signal, i.e., in a pickoff sensor, that is seen

due to the Coriolis effect in the vibrating meter assembly 10.
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by the neter electronics 20. 10 FIG 3 is a flowhart 300 of a nethod of
processi ng sensor signals in a flowreter according to an enbodi nent of the
invention. In step 301, the first and second sensor signals are received.
The first serQr00s19tel can conprise either an upstream oPCTASMISHI%REM

pi ckoff sensor signal. In step 302, the sensor signals can be conditioned.

I n one enbodi nen the. .15 .condistioning, can.incl.ude filteri t Q. renove
noi se and unwant ?&leé'?%tgfgsl?haf%glor%enc%}%%’éﬁl mhe['E'i,w oéltﬁelliegéiféjr}gmg}ﬁqu%‘?%ri se
band- pass fiJal@sinMee Sallficd TEieeesittindshasx figktdde cidbelahinbdmuch gaugncy of
the flow nmeter. In addition, other conditioning operations can be

per f or med, dheha phesadifferencericylatedyisinges fregreney. cThe fesuylfag phassalifferengediag

ami i ng, argrersseRife) i SyRhERARRRe Wb e BRI AR T or der 1o

produce digital JIg8&pR0S] Hfaqikncy b Bhpdted) Thedreguodlycddidpgs eee Phagpnshi ft
is generated. The 90 degree phase shift conprises a 90 degree phase shift
of the sensdp adyagiageousineomputed ferthp A8 degrenphase shifin e frrauessidPngy any

manner of j i I . i 90
degree phag %dﬁﬁ él{té'lséggtrﬁg g? r(#g%] eﬁé?%%%é%%gg? k %%ﬁﬁ@ﬁ%&%@%@@%&? 25 on
di gital senswiick @ degrdepiabteshiBMddertreph@Be fidinicney aneceibiBionsnesgonse Usi ng

the single 90 degree phase shift. Additional information can al so be used
in order to FsWpEYOTgRe o thesfirshifenses sigiaband the sepead senset siga#t(thediraupnragse

i gnal « o THEFLT SRS Wb kb hy RRRRAA i bon THe pREEARYE S07°°"

conpri ses a qangsRed TbestRnskfréquehHieresssiRe o6 te Fiognate, ori fl@viubéstoa vibraked f
sensor, that is seen due to the Coriolis effect in the vibrating neter
assenbl y 10.gengraigd bygbe Agersld§- PCT/ US2006/ 009272 The resul ting phase
difference is det y j . g L the
cal cul ation. The ﬁ{grs%{alt%lg%% %ﬂ%@%ﬂvg?? 3 g‘?@ﬂ%&e%tgﬁﬂ@é %%t%gls ﬂg%, l\ﬁnglgfl:l%fj l(?11115]% er

t han a phasefrejubfierefeenceaigial, allediretpiengy 8 obtatrpdefrany theldhggle 06 defrea ghpsbase
difference has, . a greater accuracy than a phase difference cal cul ated using

a frequecy.shaft inarsepesatipnhatds mugh fastreyhandn dhapriraet. Thedesarg BeRupnetbasr di ng
to the i i i 90 d h hift.
The 11 equencyEthert@uRy S AcRE Y, CRAINEEH HEBILLAE 70 ISR FT Bnd the

correspondi ng seractep0gnainaby Dow rate of flow material is computed. The mass flow rate is

computed from the resulting phase difference and the resulting frequency computed in
steps 304 and 305. In addition, the mass flow rate computation can compute a time

20  difference (At} from the phase difference and the frequency, with the time difference
(At) being ultimately used to compute the mass flow rate.

In step 307, the density can optionally be determined. The density can be
determined as one of the flow characteristics, and can be determined from the
frequency, for example.

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

FIG. 4 shows the meter electronics 20 according to an embodiment of the
invention. The elements in common with FIG. 2 share the same reference numbers.

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

second (digital) sensor signals 210 and 211 in order to determine one or more flow
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whi ch 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 10 of the two sensor signals are substantially

i dentical invopeeti4ew). The frequency conprises a vi braPCOHa006408aency
response of the flowube or flowtubes to a vibration generated by the

driver 180. The fr.equency . thus derjved . s.ohtaine i t hout t he, need for any
i ndependent chypgtaggtﬂ:g?rqnif rséﬁtags' _s*sgl?{SY‘."uSHﬁg‘Sf?Séﬁ‘géW%%?%B@‘%d fromthe
single 90 defi@eeRfRERan ARISdY d Shabd\didRrAREAfdRBnd N BltirhSdifleedhcé ash el than in
the prior art. The resulting frequency has a greater accuracy than a
frequency canasslflawadte, a dempitypandger aayalume fownrets foodie flowrmmsteriel.ow rate of flow
material is conputed. The.nass,flowrate is co d,fromt esul ting
phase differ encelllléﬁ’& W#@%@@ISP?W&%? BQUEHER Sgﬁtg%fn}oéadthg?gﬁ%hgﬁ4_ and 305.
| n addi t i50n,chifAeteBtER FdR¥hlyahe teOsaAEbRidalk LB nd TP WvRhsutlthdBecdGodadyf er ence
(At) fromthe phase difference and the freg%ency, with the tinme difference
(At) being @kierme fighyensy encasurepshpandavithnut fneswed faywnrextesnal|freqgengy 307, the
density can gptiaonal | determ ned. The density.can.,be. .determ.ned as one
of the”t Fow CRERE pgpits e PFOGHTHE Siriemt 2Fo PR b Rt e BT IERlE Tor
exampl e. 25 dhi i £EnALy rbRANY ehoBEhshl Mwhals 1 AR 19D T onal Iy be det erm ned.

The volunme flow rate can be determi ned as one of the flow characteristics,
and can be det er disreas previonsly Hiscussed the soragesystemd04 pleresarpiasy shift gputareanpl e.

FIG 4 sho he neter..el ectronics 20.accordi ng. t n, enbogdi-nen t he

I nventi on. W‘?ﬂg’ zépléar,?gﬁ{fger%ce%mem ?ﬁre&%@w 5"@%?&%‘1 %grng%ﬁgerp Ié#ee@fé)nce
nunbers. 30 rdtigheBI7€EnEh B6H Hataéteridlics rbufidl 2] semedi sylsteen DOlestofeb ehef i I St
sensor signal 210 and the second sensor signal 211. The processing system

203 pr ocessdystsgasarisigoel Afandshe sgeand sengpt signal 3bhsdhe sPrpggIsEston@04850211 i n
der to deterni f 5 1.009272
O ot o Ve {51995 (Bl Sl 2000 I0G36. DGl UAIRRRO0272

fl ow char agleférmfetifisn G sehstd|siphelsan pRRE & ditérhifieme flovacha ageramey , Aawak me

difference (At), a nmass flowrate, a density, and/or a volune flow rate for
the fl ovSmatrseviausly fiscussed, dhpwerage pystesh d0hstorasshqphase dfanencs 3P e 203

det er m nes ti&‘(@&%ﬁc&‘r’]&eﬁ hfeiagg{rﬁeg{i&{ae%ef}ltcé ERt) ho 2 MO Ma¥s ANG 4928 GRS Blnshl 998! g2 10

and 211, wt
the volume flow rate 225.

The phase shift routine 212 performs a 90 degree phase shift on an input signal,
including on the first sensor signal 210 and on the second sensor signal 211. The phase
20  shift routine 212 in one embodiment implements a Hilbert transform (discussed below).
The phase difference routine 215 determines a phase difference using the first 90
degree phase shift 213 and the second 90 degree phase shift 214, Additional
information can also be used in order to compute the phase difference. The phase
difference in one embodiment is computed from the first sensor signal 210, the second
25  sensor signal 211, the first 90 degree phase shift 212, and the second 90 degree phase
shift 213. The determined phase difference can be stored in the phase difference 220 of
the storage system 204, as previously discussed. The phase difference, when
determined using the first and second 90 phase shifts, can be calculated and obtained
much faster than in the prior art. This can provide a critical difference in flow meter
30 applications having high flow rates or where multi-phase flows occur. In addition, the
phase difference can be determined independent of the frequency of the sensor signals

210 and 211. Moreover, because the phase difference is determined independently of
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external frequency neasurenent and w thout the need for an external
frequency reference signal. The processing system 203 can determ ne at

| east the phase difference and the frequency fromthe two sensor signals
210 and 211. wesowems@oevi ously di scussed, the storage systEMU2006/089207 es a
phase shift routine 10 212, a phase difference routine 215, a frequency

routine 216, tinme difference (At%l, é{\o%nﬁ. él?, %gd a fI%W éhar acteristics
routine 218 therrauencys agerrey cqrapansplindhephase fifiErence dogs At subFT LPYARIEI0 and
t he second ' I rSiARBHS. &S ¥Rdre 18 e i $nthefirst 90
degree phasE&g (i?r%etn?g%ﬂ%eaﬁrﬁ&%m -g(%%nd 9% degree rphase&ﬁ%d%r%ta?fogre ©

gener at ed f pbasetdifferseresoeassregreat.sComsequeandly, the pHiateatifferencd ¢reorfib maguced over

characteristics. As. was 1 revi ously di scussed, the storage system 204
stores the 6@3@%(@5@%‘?%@8%@8{%% frequency 221, the tine difference

(At) 2225 the nmagge hb@u&nrcv;ltr&u%%%lstd%n%e%tﬁeg&%y (SRH as e eXblsEDLY | oW rate
225. The phase shift routine 212 perforns a 90 degree phase shift on an
i nput si gnaleitherithafitstsengonsignadi @ 10 or the seeomd sensor gigatl 2110 franuthefirsti9® second

ignal 211 The. 0 shi tine 212 . di_ nent
o erent o Segiet Bt SHIEAT SiHAL sreont 20 BERTEe Pl SR 40 e R e
routine 215 el @lcche Be &oRRERhdiELRhENER é‘tsthé‘gtgi- sbtest2090as slegioagy phase

shift 213 and'the’ second 90 degree phase shift 214. Additional information
can al so be dissassed.nThe frequenoy,computetermired s thediisf andesscend Shphase skifs,

di ff [ [ ' d he .first..s. i | 210,
the seodfid 581 SLRUGHREN APPSR D HTFSEAER HEBHELhELE CORPIV B, and
the second QtidaAiRGRRARFovsblct a%ﬂi%ati&fﬁ%adﬁﬁg%‘éﬂ new rhlasewlikimiignce can
be stored in the phase difference 220 of the storage system 204, as

previ ously dhssdbsedccehe phase difference, when determined using the first
and second 90 phase, shif{. ca e cal t.ed .and gbt ained faster than
T the prior art hefme dlrirepfe b ERe 7l Ry s BrbAES EreTARbnRREr 50
appl i cat i onghdaét fesdl @bhal b 00\arkBthe Secdhd BRRLE siBHAI211 PITAS §intd @%reﬂe@ﬁxt) I'n
addition, the phase ditference can be determned i ndependent of the

frequendy ofcan hesteradgn thesiimn differemcedAB32 2f the steregosistem Bebadpeevitisphase

difference is _determ ned indepen tl of 1 .200611.04690
ncrl csn0oe (s ThESREAERRG R otnrblses abasEHARTBE R st basesi (1 er ence
does not sufdiBaed tyoie Aterintred fregQeMONdis BHeréfb dsee Gd@emitle R dlowon,

i.e., there is no conpounding error I1n the phase difference neasurenent.
Consequent | yatet he phase difference error is reduced over

The flow characteristics routine 218 can determine one or more of the mass flow

20 rate, the density, and/or the volume flow rate, as previously discussed.

FIG. 5 is a flowchart 500 of a method of processing first and second sensor
signals in a flowmeter according to an embodiment of the invention. In step 501, the
first sensor signal is received. In one embodiment, the first sensor signal comprises
either an upstream or downstream pickoff sensor signal.

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

In step 503, the sensor signals can be conditioned. In one embodiment, the
conditioning can include filtering to remove noise and unwanted signals. In one

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

buffering, etc. Ifthe sensor signals comprise analog signals, the step can further
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a phase difference of the prior art. 5 The frequency routine 216 determ nes
a frequency (such as that exhibited by either the first sensor signal 210
or the second sensor signal 211) fromthe first 90 degree phase shift 213
and t he secon¥02@edeqpee phase shift 214. The determ ned HoTagu@koy2wan be
stored in the frequency 221 of the storage system 204, as previously

di scussed. The frequenc when determ ned.fromthe fj.rs nd second, 90 phase
Shifte, 10 cAMMBRSCIDCTRIREEar St ieHietor SRt Aerakon fuaf & PePREnEd for art.
T_hi S can pr oygi-&et@pmqaéetdigﬁ1 S_glilg‘oﬁ-glrggglg‘e in flow nmeter ap_pl i caj[i ons havi ng
high flow rates or where nmulti- (i)hase flows occur. The tinme difference (At)

routine 217 det er i #er 504, wifirst ) defseoeaheec (hll js sroeatesh Thenferst 90 degrecphose
o be ot or e AFRLSER RS SERPEPuRt A gritc it Wb dnal, THE DB UER e b,

previousl y dishiia®d pedtiBnéd Beardi fbGiee 0E Melifinisng ONPrersttsh. Julbat aftbbdinent,t he
det erm ned phase _divided by the determ ned frequency, and is therefore used

to det ermi ne then?D dagaes rhagsshiftas performed upingadhithesidransiosm, eperpldig Pmaisialy can
det erm ne ongerﬁgrggﬁaqsof the mass flow 20 rate, the density, and/or the
volume flow rate, &s previously discussed. FIG 5 is a flowhart 500 of a

met hod of processimgep 505t satshdSHCdupReesHASOshift 3 gomatated. M Jeboi®] dogree
according to an enmbodi mrent of the invention. In step 501, the first sensor

signal is re®Bpspshifl comprifes a $0sgEee phaseshidt of the second sensor sighall Asdaphg ek
ith ' ' 2, th
cLLher, A0UPSh AT S U A EATIALER Lo SRNEK LERRAI A L BhE B2 e

si gnal conpr ing@Barei$rhlo@ bp&ratieninst r eam or upstream pi ckof f sensor signal
(i.e., the opposite of the first sensor signal). In step 503, the sensor
signal s can be coMuster sed Phese diktreass dopphicd teRkeendhn Tyt senfehgiZea it ncl ude

filtering togemnye aalaeiAng AR aek 5 B0RLSpndsd LRCAIne BROM) U8 BLgrol he

filtering can conprise ass ering,-as previously discusse
addi tion, ot phisechifdi Addiribing infoehadinons alsarbehBedar drdemedongpuedthaphase

anplification,  buffering, etc. If the sensor signals conprise, apal og
si gnal s, Phe dff&pnceann plif emBpdimentythorings dislermge ﬁcfheﬁefm%%mmw SESPr i se

any manner Of; SRl f8ondledidri sk, ok fdNsh &]eeg?éerﬁ{alsg Ehifthald RE SedRl BB N
phase shift. The phase difference comprises a phase difference in the response signal,
i.e., in the two pickoff sensors, that is seen due to the Coriolis effect in the vibrating
meter assembly 10.

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

In step 507, a frequency is computed. The frequency according to the invention

25  is advantageously computed from the first 90 degree phase shift and the second 90
degree phase shift. The frequency in one embodiment uses the 90 degree phase shift
and the corresponding sensor signal from which the 90 degree phase shift is derived.
The frequency is a vibrational response frequency of one of the first sensor signal and
the second sensor signal (the frequencies of the two sensor signals are substantially

30 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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order to produce digital sensor signals. In step 504, a first 90 degree
phase shift is generated. The first 90 degree phase shift conprises a 90
degree phase shift of the first sensor signal. The 90 degree phase 5 shift
can be perforwOdosiaosAy manner of nechani sm or operation. PGT/@Baesedddi nent ,
the 90 degree phase shift is perfornmed using a Hlbert transform operating

gener ated. The seditraadprthaR btundt FRESRINF el 85 BRG] s

shift of thefaRent reSRANR sigrial IMPlle frdfuchdy & Bbtaliddstom ik Fddteey givspitage
shift, the 90 degree phase shift can be perfornmed by any manner of

mechani sm orin@pepatafion that i medpfasiopthan inhihe paiorprtf The Fslting fregkprAYE@s Bet ween
the first: se r.siagnal ..and .t ignal, using the first 90
degr ee phasegqé#ﬁ%ccgrﬁgyf% a1 ﬁ‘éa’g‘%‘?%gagt‘?“g@stﬁéﬁéé‘ga@hi ft. Additional

i nformatison can ahsepPesusedsd lowkadebf floweaiRidl gs ¢diBpRedSEhelmagh fidwrgoie. In
one enbodi nent, the phase difference is determned fromthe first sensor

si gnal , the eosmyted Bemden respling phase féfferpragtand theweguleag Hisguency kpmputed il t he
second 90 de sk £ §gee 1 £.te ?Qﬁ [ 1ase

di fference i%ﬁ%ﬁ&ﬁ%@é%@k@l;Sclidéth%{:'?hepr?i?sg?l,oqsll I];?ftet‘f[?e &%FO&%C@ ggenésatgt?lg, t hat
i's seen due diffeiehee () fiohi the phisedifférendehdd thdfreduengy, with te tissdiffteyicd 0. 20
The resul ti \r@ﬁhase difference is determ ned w thout the need for any
frequency tliengultimately pesd tqreppputethemagsiow r#g phase difference can be
obt ai ne ch fa I e TRATIRE] Sl uency.
The resglldt?ng ph;!égfegi@P@g?g@ﬁﬁj@n%ﬁlé@g@[ﬁ gfdeaccurgtéseﬁﬁg%hgawp z‘a:{slsfasg&

di fference cal cullatseg 319i thg valuniefioie faty cad dptiohelly 50 deteanineé,Gisenenousby

conput ed. The frequency according to the invention 25 is advantageously
conput ed f r OHPEUSEETF i rst 90 degree phase shift and the second 90 degree
phase shift. The { %Fh‘? i hase shift
and the corresponﬁ&ﬁgqggﬁgogir{&sﬁ gnaﬁwggé whi Elé??ﬁéﬁg‘gesggéggsg&g%gge shift is
derived. Thecbrdatpienayemisdamstitlof die iavaition e fpthe Fpute, elipislocls repressint eitliert he

first sensor signal and the second sensor signal (the frequencies of the
two sensbr SPIGFERFIBE SHERIEYIRS PEFEFSANY w@es/m}lélﬁ@ﬁ-cﬁpe blackdiagraim ) nclpdes a

frequency co S { ti f 1 r

1 ont ubos ¢ ode,; fRertidaril, h 008 2 HIEAURRE o7 SoRRgErls o iont B4 618

PCTI US2006/ COfaR2R block 604. The LPO and RPO inputs comprise the left pickoff signal input and
the right pickoff signal input. Either the LPO or the RPO can comprise a first sensor

—

signal.

20 In one embodiment, the stage 1 filter block 601 and the stage 2 filter block 602
comprise digital Finite Impulse Response (FIR) polyphase decimation filters,
implemented in the processing system 203. These filters provide an optimal method for
filtering and decimating one or both sensor signals, with the filtering and decimating
being performed at the same chronological time and at the same decimation rate,

25  Alternatively, the stage 1 filter block 601 and the stage 2 filter block 602 can comprise
Infinite Impulse Response (IIR) filters or other suitable digital filters or filter processes.
However, it should be understood that other filtering processes and/or filtering
embodiments are contemplated and are within the scope of the description and claims,

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

30 embodiment of the invention. In the embodiment shown, the Hilbert transform block
603 includes a LPO branch 700 and a RPO branch 710. The LPO branch 700 includes a
LPO delay block 701 in parallel with a LPO filter block 702. Likewise, the RPO branch
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The frequency thus derived is obtained without the need for any independent
frequency reference signal. The frequency is obtained fromthe 90 degree
phase shifts in an operation that is nuch faster than in the prior art. The
resul ting frel0ameilo4eds a greater accuracy than a freque®&JF/EAMAT2ed in
the prior art. 5 In step 508, a mass flow rate of flow material is conputed.
The mass fl e i h £ i i4her nd the
resul ting fﬁﬁ’%ﬁ[}g‘;ﬁc“‘y{‘ %%9%3@3}1‘?‘% ’;lslt(:? ﬁeTBélggf)lGﬁ%%i& Eg@ ﬂ?%%zocf%'l ’)'Ellbbrfﬁ Iat (iﬁedi nmass
flow rate codeuittbclonoicaid the R delay tlocke71 dinfrbéu@nampliAg HelayonTiidEPQhase

difference and the frequency, with the tine difference At i ng,
ultimately Lf?g’fﬁ’ QIBCIEM%P REChdelay QP%#Uatthér.ef%G sglgetdl ag%)g?’ acﬁéﬂfﬂensi ty

can optionalJ; } { | i ] : ; e
Vol une. 1 ow TEbEREEA B BRIIEH) BeS, i SASTHRREE PO Y KPGRitaRsighe
FIG 6 iS5 a dahpids thatage Aler6 Gy dlic BPQ dilter bloclo702 el the RIES Sitegblegls 7 En T3
according to a nmbodi ment of the inventign. In the figure, the hl gcks

repr esemg:J ei If}?fglﬁ?teli@loﬁg‘égi:%‘; g @Q gﬁ?’[&?‘ﬂﬁl%@?ﬁ 9{83%?9 RJ1eg ?}Bgtopn_es.
The bl ock dltﬂghf beg‘ﬁjgi%iﬁpéi?"g“??na’ﬁ?ﬁ-age | filter block 601, a stage 2 filter

bl ock 602, a rt trans ock 603, and an analysis block 604. The
LPO and RPO i nputEheddiltgeti isansfdrm bledlt 643 is kdirét stipgoprovidingtthepithse t he ri ght

i ckof f si i . Ei h PO RPQO a fi
p ool 1 sLonal Loputy Bt Bt he L0 B LS, FR0.C00 SOIRC] S 2, sl senser
filter bjpc kaqﬁ%o Si3HRIs'an& Rgff&‘xﬁd?a! Igﬁft)eﬁg fnskomb| Fie RE6RPRB 6k ﬁ%;ﬁ{?&'sbphas e

decimation filters, = 1 npl efente processi ng system 203. ese filters
provi de an ogfegrevgihasestified fasion$ of the LiPOgardRIPA signaie} i aigit preeluces dmatdtatsensor

signals, with.the filter and deci matipg. bein erforped at t sane
ch?onol ogi ca GOFE ORFHS ﬁlft%gr?é‘g% L ﬁerﬁﬁg?%ﬁ’(ﬁg@e?@' A’ﬂ?@pﬁ% F’Eg’ﬁy, t he
stage 1 fil tﬁ{lbé%{ RasfGHbieeg F@R?ﬁ#eﬁfftg r@vi&és'thﬁﬁe\%ﬁ&d%aﬁ%(c(}}?dgn&‘p%%s $€0

Infinite I nmpul se Response (I ers or other suitable ital filters or

filter proceQsed RPO-Qyalveg withtths bwgihel, inephasel @) sigoalcompanents &0 ¥ andtREO hg
processes. and/or filterin odinents are_contenplated apnd are within the
scope of PS( he desi}iedPPIHﬁt‘g%%ﬁ : Stf‘—a %ﬁoﬁkﬁ%ﬁ%g{gﬁﬁ@g%ﬂ@ﬁe Hi | bert

transform bl ock 603 according to an 30 enbodi nent of the invention. In the
enbodi ment shown, LP@e #j,lcbgrx) t r ansf orm bl ock 603 includes a LPA2ranch 700

and a RPO branch — Ahg, anch 700 includes a LPO delay blggk 701 in
parallel with a L%%)gfi I’f‘"erog(ga?pg?lz 702. Likew se, the RPO branch &

20  Using the Hilbert transform the output becomes:

LPO,y,, = Ap, sin(ex) 4
RPO}!Hben‘ = Arpa Sln(a‘)t + ¢)] (S)
25
Combining the original terms with the output of the Hilbert transform yields:
LPO = A,,[cos(ax) +isin(ar)] = A,,e’™ (6)
30 RPO = A,,,[cos(at + §) +isin(wt + §)] = A" (D

FIGS. 8 and 9 are block diagrams of two independent branches of the analysis
block 604 according to an embodiment of the invention. The analysis block 604 is the
final stage of the frequency, differential phase, and delta T (At) measurement. FIG. 8 is

35 phase portion 604a comprising a first branch that determines a phase difference from the

in-phase (I) and quadrature (Q) components. FIG. 9 is a frequency portion 604b that

20



19 WD 2006/ 104690 PCT/ US2006/ 009272 includes an RPO del ay block 711 in
parallel with an RPO filter block 712. The LPO delay block 701 and the RPO
del ay bl ock 711 introduce sanpling delays. The LPO delay block 701 and the
RPO del ay bl ock 711 therefore select LPO and RPO digital signal sanples
that are chromohowiieabdy later in tine that the LPO and RPOTdisgicsadez=i gnal 5
sanples that are filtered by the LPO filter block 702 and the RPO filter

bl ock 712. The LPO filter block 702 and the RPO filter block 712 perform a
90 degree pheai@mingsra fresyeneyomibe in-phpse (1) padyfuadryneg () seppenenty ok HnglBer t

transform bl { ! I: r t. The
I bert 11 anthSFatiebok touhbis yaBb ehdt ol RpfiRant ERONIARE. o FRRHGTRE . reo
signal s and glemiaivesy @ndrisbeid RPOambbrm The Hi | bert transform produces 90
degree phase-shifted versions of _the LPO and RPO signals, i.e it produces

quadrature (Q datbosehedimsnt ifIGoS; Ge Rh#se PORIgHGLa of ihye agjalsis bl nents.
Th t - i )

quadrat urs ( BFES ot BIBEE s iRaRE 01 e tofta Hiock s ROMpRANAS bR Nov

i n-phase (1 )bletlgked, adttepbhehi®e4] Q@ d ptascladgRblock 885.The i nputs to the Hil bert

transform bl ock 603 can be represented as: PO = A1PO _cos(ait) (2). RPO =
A PO Cos(ut ¢ 0) {imiomion §ia eRg B0 b 1sene riie PR OHBAIEAUETELQbes:

LPO, , ner, = i . i = P i
Corbi g t RS mpaneftede et ol sigfihabl patemrn ST Ty Bl liee ok 0 pertiing o
yi el ds: LPCGempASPcorfjugedé onh sensot sighal (Rert fe FP@%iael}l and)fofifiy a nSghtive of the
RPO=A, . . nf cos(ar +0) +i si nérwt +0) ] =A, PCe! ﬁ"‘_+p) (7N, FIGS. 8 and 9 are bl ock

di agr ams1®f  IpgnaRy sigadd dive oppipkeTaultighication bierk| 8P3imultiphiescthe 85 sigradrtd ng t o

an enbodi nmen f yn; Lon. T t"i’dha@ i I i I t age
of the frequglr?gﬁd %Eﬁl’g@ﬁ%ﬂm&hﬁgg, a %ﬁé}gﬁaﬁ% kftl%? @dﬁgagggﬁ%lﬁ%h{t%?}{s G 8
i s 35 phase g@igittlifdter,GiMh as theFIRSiltey dischidsed bbdweatb filleablode 864 namesnpgrisgliase

di ff f th i.n-ph d dr at ts. . FIG 9 i
O ence e a5t 1300 T SORPREN B e ® ' 2

(I) and quadrature (Q) components of the sensor signal, as well as to decimate the

15  signal. The filter coefficients can be chosen to provide decimation of the inputted
signal, such as decimation by a factor of 10, for example. The phase angle block 805
determines the phase angle from the in-phase (I) and quadrature (Q) components of the
LPO signal and the RPO signal. The phase angle block 805 implements equation (11)

shown below.
20 The phase portion 604a shown in FIG. 8 implements the following equation:
LPOx RPO = 4,7 x A, /P = A, x A, &/~ ®)

where LPO s the complex conjugate of LPO. Assuming that:
25
A

=A =4 9

Rpo Lpo

then:

30 LPOx RPO = A*e’® = 4*[cos(@) + isin(¢)] (10)

The resulting differential phase angle is:

- -1 SIn(¢) 11
¢ = tan Los(gﬁ)} (i

21



WO 2006/ 104690 PCT/ 1552006/ 009272 determ nes a frequency fromthe in-phase
(1) and quadrature (Q conponents of a single sensor signal. The single
sensor signal can conprise the LPO signal, as shown, or can alternatively
conprise the RPAU1§#2¢ . I n the enbodi nent of FIG 8, the RHASE0058927DN 604a
of the analysis block 604 5 includes join blocks 80l1a and 801b, a conjugate
bl ock 802, a conplex multiplication block 803, a filter block 804, and a

hase angl e bl oc 05.. T j o.n bl ogks 801a and. 80 recei ve, both i n-phase
(1) and quadr at oG 855 & Eieb St S8 Bedugin BPrispgp oS ite pabslesh Gl The
conj ugate bl %Kr&ﬁgtoﬁﬁé {iveABor Tl&‘&ﬁ’&it@ﬁc 1519804b & @eﬁﬁé‘éﬁ’%itﬁér%\?hg@er €

the LPO signal), and forns a negative of the 10 imaginary signal.
conpl ex nul t rightipaekoffongral JckO 80 BPM)I The fiequencih @orR® 4y nm thesambodiment PO

[ I, iJpl t.i ti bel The. fi]t b k 804..i npl

G o ta 111t EeshaAas BUREOR | reePripcauisaly She e fremplne BeSbr Otk 504
can conpri se gomplek YRMASIRaHEE bIgk 908, of filkdr®lodcvBE, 4 fhass @lgle®16RMIV6Ea har moni ¢
content fromthe in-phase 1) and quadrature (Q conponénts of the sensor

signal , as wednstaatbloek ORTiandralitisien bBcki9gBal . The filter coefficients can be
chosen to provide,deci mati op of the inputt si gnal uch ,as cimation by
a factor of 10, f%f‘pré’)‘f%?h‘fillyéﬂsof'ﬁsgdpﬁgé%‘g§L°§Fg)oﬂ)Ir%%ﬂ(vegégal @ﬂ@??ﬁﬁwhe phase
angle from t&;ﬁadlrartum?z@o& dneMicho fHRASAH sUWnA] Arfd paS QIR BHS TRE cbijfgatb BEcRi gnal
and the RPO signal. e phase angl e bl ock 805 i npl enents equation (11)

shown bel®w. 90Dperfsms hasephsr conjigasones @pmiginal, Fe, the LiPehséigmed anal fotves a
ARpoel (- o BRI ST OGP ENERGEL | FEe SORHYER: QohFUGHIGS dreeTBant AEY AR g
that: 25 ARPheFrefh&itypoftidn9804bt lﬁ‘zﬁf‘t-;r]lex%@orle REREE VAR sibnaAdpRshE)izi sin(O ]

(10) The resulting differential phase angle is:” =tan[c ssmé_O)@lﬁﬂk(gtﬁg] (11)

21 WO 2006/ 1ciresuogcAllyusdeie/tong Zas olealigdal sgral bimplk isimal
frequency pocr:&r;'e%rt] dlﬁgg)tg'f)siggal Erp ﬁle%r(}(ranl esxi nslulttlllpﬁgal%iog%lock 904. The complex
15 multiplication block 904 multiplies the LPQ signal and the LPO conjugate signal,
implementing equation (12) below. The filter block 905 implements a digital filter, such
as the FIR filter previously discussed The filter block 905 can comprise a polyphase
decimation filter that is used to remove harmonic content from the in-phase (I) and
quadrature (Q) components of the sensor signal, as well as to decimate the signal. The
20  filter coefficients can be chosen to provide decimation of the inputted signal, such as
decimation by a factor of 10, for example. The phase angle block 906 determines a
phase angle from the in-phase (I) and quadrature (Q) components of the LPO signal.
The phase angle block 906 implements a portion of equation (13) below. The constant
block 907 supplies a factor comprising a sample rate F; divided by two pi, as shown in
25  equation (14). The division block 908 performs the division operation of equation (14).
The frequency portion 604b implements the following equation:

LPO X LPO,,y = 4,6 x 4, &/ = A%poe’ @) (12)

()

30  The angle between two consecutive samples is therefore:

ot -t =tan™ [MJ (13)

cos(wt — wt_,)
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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 enbodi ment 5 shown includes a join block 901, a conpl ex conjugate

bl ock 902, awsmpd/10ae@0bl ock 903, a conplex nultiplicati oPCHUD/9EI2 g
filter block 905 a phase angle block 906, a constant block 907, and a

di vision blo reV|ousI dIS oi n ock 901 receives
both in- pha§V ﬁ%ﬁfﬂ 135&58?%&"& b‘%p%ﬁ {'?P’%V g0 S[Jé?‘tsor signal and
passes t hem on. The conj ugat e bl ock 10 902 perfornms a conplex conjugate on
a sensor signal, herdathe DP@signal, and forns a negative of th )magl nary
signal. The del a T ock 2@3 i nt roduces a sanpling delay into %requency
portion 604b, and therefore selects a digital signal sanple that is

chronol ogi c der 2R t

mul tipli gd %}hleﬁe ?{ﬁe%%%?artée%{%&%megl Sl g%‘gﬁﬂ(?rlfetﬁhe%éorrp é‘ifﬁ”ﬂ’t%?’% ?1cat| on

bl ock 904. lﬁseuase)drplF kishbouh i k.linI ication block 904 nultiplies the LPO signal

and the LPO con t nal nti equati o 12) pelo he filter
bl ock 905 i npl ejnﬁﬂfa l%dsa QWP%W@F{IT'F%QE ty Rl fgspl?lﬁe%ﬁ%F@OF Siengho \%@rfg M ousl y
di scussed Thedihh& ndih@ClondRRns 2TmE ARk éﬁtaﬁﬁﬁ@ew o fOGEhaBL oy filter

that is used to renove harnonic content fromt se (1) and
guadr at ur e ¢a@est(spd®mfehﬁ grapli andhis le@tsioat abmgriéﬁ Hzasﬂwefﬁguraalso shalecievetak t he

i gnal . | ter coeff ents can be en t on  of
Sha ot catter et P I el FeBady SRrmm 65 Srsie Jeng TR LR E . The

phase angl en@d@%a %@%&%&%M&dﬁ@% Satlmé’ﬂﬁé?reéi?éh!c?r off'ﬁfé%héi‘ﬁnérﬂall%@cﬁ:? \Tﬁéseand
guadrature (Q conpone of the LPO si hase angl e bl ock 906

i mpl ement s apifgies ¢draprise harveree ﬁqu(ni:E)S oB&iecﬂnwﬁﬁtter mnlrﬁmammpriﬁle@d:hcr,%?
supplies a fa torblcog{{)rl Si gg ‘?{ g@ «% te F, di vi ed fgf?/ { pi, as shown in
25 equat i on P90 PRESGT ROSPOY b RIER S siSiadels ¢ on operation of

equation (14). Fg 1f1rs%g%aﬁxua%ﬁwﬁuﬁ&ﬂﬁaﬂsm}hﬁmaz §0??’ E@cd‘r&hk%@ﬂ le
equation: LPOQ" ) xLPQ(" e ("-")xA...e)(") 30 The

angl e bé$ me@hasewblfb@nb@bmbmv e’f }Eéﬁrqﬂieestrarsfm@eﬂtﬁ@’ 11w£h1s @mbodlmteatnncludes

i ch 1 s cre ehbanet PRaRbp ornsniafl TheRPO e TR Ao A

(nt-nt _r) xF$1dck4D1 in parallel with a filter block 702. The RPO branch 1110 in this embodiment
includes only a delay biock 701. As before, the delay blocks 701 introduce sampling

delays. As before, the filter block 702 performs a 90 degree phase shift on the inputted
20  digital signal sample. It should be understood that alternatively the Hilbert transform
block 603’ could phase shift just the RPO signal.
This processing embodiment uses the Hilbert transform/phase shift of only one
sensor signal in order to derive both the frequency and the phase difference (see FIGS.
2-3). This significantly reduces the number of computations needed to perform a phase
25  measurement and significantly reduces the number of computations needed to obtain the
mass flow rate.
In this embodiment, the output of the Hilbert transform block 603' will provide
the quadrature (Q) component of either the left or right sensor signal, but not both. In
the example below, the LPO signal is phase shifted.

30
LPO = 4,,, cos(ax) (26)

RPO = A, cos(at + ) 27
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2)c 5 where "Fs" is the rate of the Hilbert transform block 603. In the
exanpl e previously discussed, "Fs" is about 2 kHz. FIG 10 is a power
spectrum densi t gl ot of a pick-off sensor signal of a flow neter under
normal condi tWéﬁ%".mPH@“fundarrent al frequency of the fl owrER@HUS2006/00¢272
tall est spike of the graph and is |ocated at about 135 Hz. The figure al so

shows several, 10 ot | ar spikes in.the frequency spectrum (the first
non-fundamnbﬁingﬁgﬁgﬁﬁ’?%ﬁéﬁfm&é ec’lIﬁtB‘(‘!lteb‘%‘Jif’mgs'frequency of about 1.5 tines
the frequency of the fundanental node). These spikes conprise harnonic
frequenci es of théPO,mwretdesid@d al so conmprise other, undesirabl é®ensor
nodes (i.e., a twi st node, a second bend node, etc.). FIG 11 shows an
alternatiye Hil ber rans block 603" according to a single 1 hase
shift errbgdi ment . @%‘%P%@K@Pﬁ@ansf orm bl ock 603" in this enbodi i%gnat
includes a LPO branch 1100 and a RPO branch 1110. The LPO branch 1100

i ncl udes a dé&loaypinibg theklLPQ origimabgrmmith theoutpubof the Hilbetitanifomo 2L e. Tish frRO
branch 1110 ©60 phieshityydeldsrent i ncludes only a delay bl ock 701. As before,
t he del ay bl ocks 701 introduce sanpling delays. As before, the filter bl ock
702 perforns a 90 degree phase shift on the inputted 20 digital signal

sanpl e. 1€ shoul d Z5¢ argdeas{@dd i sinka)]a 4:,3?’2“3ti vely the Hilbert trd#8form

bl ock 603" could phase shift just the RPO signal. This processing enbodi ment

uses the Hil gk tﬁé?ﬁéf@{ Rhase. shift of only one sensor signal in order
to derive both ttehe reqsuggtéy and’ the phase difference (see FIGS. 2-3). This
e

significantly redyggs_the nuphbes Ok needed to perfor phase
25 neasurenment and si grflilgffcgntl%l) re@lices tRe nunber of conputati orrl(g@needed

to obtain the mass flowrate. In this enbodi nent, the output of the Hilbert

t f bl ock 603% il ide .t t . t.of eith
the Tert e 11 ght TR nouR it pfisisbIGeuf e i thesibenk pSETRRNPAhpGinght (e
LPO si gnal i ThehafgsisBiokk 04a’3R thiP@nBodimentidsludks ofeZ6in bIBREBH , edsbngae{ M +

0) (27) 23 WD 2006/ 104690 PCT/ US2006/ 009272 Using the Hilbert transform
t he out put baadtigliation block 803, a low-pass filter block 1201, and a phase angle block 805.

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

20 LPOxRPO =4

ipo

e~/ x Ar [31(“”*1") +e /e :I - Alpa X ARPD [ej(~wr+mt+¢) + ej(mr+wt+¢)]
w 2 2

(32)

The low-pass filter block 1201 comprises a low-pass filter that removes a high-

frequency component produced by the complex multiplication block 803. The low-pass

25  filter block 1201 can implement any manner of low-pass filtering operation. The result
of the multiplication operation produces two terms. The (—wt + wt + &) term combines
and simplifies to a phase-only @ term (a DC result), since the (—ot) and the (wt) terms
cancel each other out. The (wt + ot + @) simplifies to a (2ot +@) term, at twice the
frequency. Since the result is the sum of 2 terms, the high frequency (2wt +@) term can

30 beremoved. The only signal of interest here is the DC term. The high frequency (2ct
+02) term can be filtered out of the result using a low-pass filter. The cut-off of the low-
pass filter can be located anywhere between zero and 2w.

After filtering, the result is:

2
35 LPOx RPO = A%’ = —%——[cos(gﬁ) +isin(g)] (33)
24



LPON; ,I, = AAPOsin(w) (28) 5 RPO = A Po cos(c t + 0) (29) Conbining the
LPO original termwth the output of the Hlbert transform(i.e., with the
90 phase shift) yields: 10 LPO=A,,,[cos(ox)+isin(w)]=A-e (") (30) while

t he RPO st ayswoieosgiase® RPO = 4, cos(an' +cb) = A pO[ 2 (31BcT/usiodelod2722
shows the anal ysis block 604a" for the single phase shift enbodiment. The
anal ysis block 604a' in this enbodi nent includes one join block 801, the
conplex nultiplication block 803, a |owpass filter block 1201, and a phase
angl e bl ock dhsreforghtbe diffdrgutiad phdss@kglgdxa’ in this enbodi ment inplements the
foll owi ng equation: icy+a> -icy+a> 20 LPOXRPO=A, ,, e-i cadxApo e +e

AWKAar ex- +0" +c+) +ei (' 1+l sfh&z)) 2 2 (32) The lowpass filter block 1201
conprises a | ow pdfs%taill"{t-er—t]hat renoves a high- frequency conpondd$)
produced by the conpl ex ﬁ?ﬂ(‘f)i plication block 803. The | ow pass 25 filter

bl ock 120% can inpl enent any manner of |owpass filtering operation. The
result of the nuByitpking dtei itbarpearstoronofpme ginkestt signakiestaad offhwe, thec)t + cot

Sinbe the (- COmPBHE IR IR loarro R SRS SR BT IR TP ¢ o
+ 0) sinmplifiRsy hbtefs i(z%e@éntfé}buﬂ?rréh&uc@d. THY BRsd BRI il GRAME By thersfdis Be t he

result is the sumof 2 terns, the high frequency (2cot +0) term can 30 be
renmoved. The deteiminei gsiak teb seusoe sigsals et vsing onlyeonB@0tdegree phihge shifyyh fr equency

2cot + t b ilt d t of th |t .usi | Cfilt )
releutabr o M n 08 shint Blern Rt brofessihB ot e et AP e PRt bt o and
200, Ater { i Bame TRt SUAY v o85ck ROnBERI=THE cRirl bz s Aobeitd + |
sin(O] (33) 24 WD 2006/ 104690 PCT/ US2006/ 009272 Therefore, the

di fferential ipthetieg agelfow G.e., gas hubbles, fot exadple). UBder thig gerdayon, the flow noise is
substantially reduced in the new algorithm because of the rate of phase and frequency
calculation. It can be seen from the graph that the result derived by the invention does not

15 display the large peaks and valleys that are reflected in prior art (At) measurements.
FIG. 14 shows the meter electronics 20 according to an embodiment of the
invention. The meter electronics 20 of this embodiment can include the interface 201,
the digitizer 202, the processing system 203, and the storage system 204, as previously
discussed. It should be understood that the meter electronics 20 of this figure can
20  include various other components and/or routines (such as those previously discussed).
Components and/or routines in common with other embodiments share cormmon
reference numbers,
In operation, the meter electronics 20 receives and processes a first sensor signal
1405 and a second sensor signal 1406 from the flow meter. The first sensor signal 1405
25  and the second sensor signal 1406 comprise time-varying electronic signals that are
substantially continuously received and processed by the meter electronics 20, such as
signals from the pick-off sensors 170L and 170R. The meter electronics 20 can process
the first sensor signal 1405 and the second sensor signal 1406 in order to obtain the
frequency response 1411 and ultimately the liquid flow fraction 1412. Using the liquid
30 flow fraction 1412, then the gas flow fraction 1413 can also be easily determined.
The processing system 203 can be configured to receive the first and second
sensor signals 1405 and 1406 from the interface 201, determine a flow stream density

1408 of the gas flow material using the first sensor signal 1405 and the second sensor

25



5 By taking the Hilbert transform of one pick-off signal instead of two, the
conput ati onal | oad needed to perform phase and frequency estimation in
Coriolis nmass flow neters is advantageously reduced. The phase and
frequency caWQWeyi@Pe be determ ned using two sensor sPEHES2006/109272 usi Ng
only one 90 degree phase shift 10 FIG 13 shows the sensor processing of

t he invention aredt rior, art nati di fferen At
val ue of eac’ﬁg'i‘ai g HFE’BIC pmeRsiE %Oﬁ%w %ﬁﬁt@ppgﬁgpﬁ@t}n@ﬂy ﬁé&‘a(ga)s
flow (i.e., gasishup ﬁﬁtlvé Bfa gé@ﬁ&b@acu&mﬁhﬁ"gﬁﬂ ﬁoﬁ?ﬁh@éﬁdl%ﬂ%t& PBqiiow noi se

s substantlally re uce in the new al gorithm because of the ra e of phase
and frequencgensityll ¢1i} that smepresentadive béahqmld ffavofra¢tiom, enchghdterniiae thelzuidesul t

derived by t t t 15 d Kk d | |
hat are 1 of Now Fadu0 b Boant Rovwiter BBty il andlpedt 5 S¢ st Ao o
el ectronigs ?ﬂ)%ﬁ@ﬁéjlldﬂﬂd%n %ﬁﬁbo% E@iﬁ'éexﬁﬁodlﬁx%nts'ﬂmé?l%w beamTJbﬁsﬁFiWS

el ectronics 20 of this enbodi nt can include the interface 20
di giti zer 20i2cotmipared rtmbetéshﬂ gassqegisigyml Msa,ndahcthmé dshotyaldd Osﬁsadﬂmmcﬂae as

ly di d h d b t | ectranics 20
of “Uhi s 11 quPBEEaREaY PRAT B P P URATER ROPO Db s AREPOrSoR S CEHES. (uch

as those preyigusii 48k %ﬂ%ﬁﬁ%terfa@lmo E&{E}aﬁte Q@@/d%reé %Eéerb%ﬂ% | JOCREMGRe W t h

ot her enbodi nents share common referéRce nunbers. n operation, the neter
el ectroni cs it semsar sigsl A4Q5, powetesaeﬁeca;eﬂczyrsspcsmmi@}l saugl&ie 901d®@€eeaqhdsaa

d f h f f i 1405
2 and 1+ 10 coifl 30 Zend e turisRior piemet (alsriatGaing ooy prmeantnt Rlstl e
signal's t hat grdeiRRFANGiAL e FRRthGURYRhY: [onehieduattnPIRARRAPHoRY t he

meter el ectronl cs 20, such as signal's fromthe pick-off sensors 170L and
170R. The mﬁWlO@llédﬂlfmw&Efzﬁvsmnpdmﬁgéw& he fi rst sensor 5| gnal 1405 and

t he second sensor SI i rde 0 obtaint response
1411 and i £ e AR in P SR e Briaction 85F Bats B s TOaBE i 30 1 ow
fraction 141Zectdids 20 @nGRSceks MW firkaehioP Bighd1lid0s aid MeSRchf é%?@d)ﬂ s¥gnal 1406
determ ned. The processing system 203 can be configured to receive the

first and5 setowder te@htiin ond grabs olhfﬁﬁloanduaitmstms;rﬂ“hdma artieeit ather 20w,
determ ne a fl ow stream de 1408 of cgl?t% f | ow mat usi N9 t he

PR ie P T R g sshohes Bes APt red

PCT/ US2006/ 0Q92drZsigriald a%aséﬁ%, raf%oﬁmafuﬁaetﬂ'tﬁw tHQwis toermeethlyeddfid b0 at
| east one of a gas density 1

contemplated and are w1t111n the scope of the description and claims,
The gas flow material can comprise any gas or gas mixture. One type of gas
20 flow material comprises a gas derived from a well. For example, the gas flow material
can comprise natural gas. However, other gases or gas mixtures are contemplated and
are within the scope of the description and claims.
The liquid flow fraction can include any liquid entrained in the gas flow material.
A liquid flow fraction can comprise a liquid stream, a liquid vapor, or liquid drops. For
25  example, the liquid can comprise water in a natural gas flow. Alternatively, the liquid
can comprise glycol in a natural gas flow, such as a glycol carryover from a drying
process. In another alternative, the liquid can comprise oil in the gas flow material, such
as oil introduced into the gas flow material by pumps, regulators, or other flow handling
mechanisms. However, other liquids or liquid combinations are contemplated and are
30  within the scope of the description and claims.
The meter electronics 20 of this embodiment can store and execute processing

routines. The processing routines in one embodiment include a density routine 1403, a

26



that is representative of a gas flow fraction of the gas flow material and
to aliquid density 1410 that is representative of a liquid flow fraction,
and determne the liquid flow fraction 1412 fromthe fl ow stream density
1408 and at | ¥4EW00@HE698f t he gas density 5 1409 and the |ipgi/usdeswir’y 1410.
In some enbodi ments, the flow streamdensity 1408 is conpared to both the
gas density 1409 and the liquid density 1410. In addition, the processing
system 203" caifitbilewdracon smting 1484e Rtiase Ff revtige 1442 B8 AHRASBRSEFPURY nal s

1405 ‘and 140§ ,;0m 4dje 1f Q{oﬁ[cf B oodgcﬁgﬁﬁ I%]Qr eq% sﬂ;@t@ﬁ?ﬂBp&%siﬁcl_ﬁéﬁl%ﬁ ert407

fromthe first sensor nput e Cy response usi ng
t he 90 degr eeroptigesesuth aslﬂtdﬂouﬂnﬂ&?thanﬂbrbbﬂ:vfausbztdlmaﬁtlr si gnal 1405,
determne a flow stream density 1408 of ‘}lfg s flow terl al using the
frequency- responszrhfﬂ%ef BT QS faR dngl warlg@.eamclw 1§ ¥elpeonl D412 from

t he flow sfr 2HR0ghd %oﬁé@ﬁ&lh@s ﬁqg;'etehﬁﬂdﬁr%n& fzhgldd' QU dr Jeh ooy SE%FHOFS ?and

he gas flow fracti on, ectroni cs can process the
sensor si gnal seil:dzﬁ‘ﬁseami signal 3405 nd0siepo phaseghet 140406 flokbsticanndeteity 1408pbt ai n
one or nore other flow cha{éac_t eristics. The one or nor eﬂgiher fl

char act er i st i £88 4EBFL; 1HOP Ly HquiA slenglalfd De? IrgaYsREX ESSRIRSE dfé hcielighid ?‘Pﬂ‘e del ay
between senspf.shqag) %nd%n%%ﬁénil 'gQL’Vﬂg@tifagtné’n Y21 U s du@ibé Bh&erstSh thaﬁh'@er

flow characteristics dre tenpltat e are within the scope o

descri pti on aprdceskiagspstemi?O? gas opérate ommdr racalce othier caigbidss suchray tigasarmblegas

m xture. Cd;e ype of gas i}fOHOW terial conprises a gas derived froma
vel |, Forllkxa ‘i‘ﬁereﬁJFFé’lﬁéﬁ ¢ terial can conprise natural gas. However,

other gases or gas Cfféc#ﬁ%ﬁc%x%geﬁ{%qw SRR BAfohAGE WHich Bl o 408G

the description an ractlo can include any li1quid
entrai ned i n pdsesgasufh dw meteedssahbly 18. I'ETﬂlfteduériongﬂlrcbcteiamamahqmd}frause a
liquid strea%all qui d vapor, or liquid drops,._ Far g the liquid
can conprise WeitoR "i“'r’ieaée?zé? GPTTashio PYTE @RS W e T AS g‘éff V’t ?Hé’r?aisﬁfh‘ilﬁsﬁlén

conprise glycghed 5‘11&\.118 oW ﬁ‘;lct fs &}e%t ¥ H&JQ tRe bW GHeamFehURVER bferugéa ﬁ’)

drying process. anot her a ter ative, |qU|d can conpri'se oil 1n
gas fl ow hat edetaimne;ﬂnehlquabﬂmlfracmm oduced | nto the gas flow mat er| al by

punps, regul ators, _or_ other flow hand] i nmechanj sns. However,
liquids or liquid %%ﬁ??yo‘ﬁép%%f%ﬁ‘??gg% %%e%%%?téen% signgh 4!9 taﬁé Recope

o 1F 55T AT ) Vi, NEp NS, e Bt Ll ST
enbodi nent i n40Sdmdd 40@ neflecy theaespionse df4Ab8oneaor 1B@e flow conduits to a drive vibration
imposed on the flow assembly 10. The frequency response routine 1401 processes at
20  least the first sensor signal 1405 in order to compute the frequency response 1411. As
was previously discussed, the first sensor signal 1405 can comprise the electronic signal
received from either pick-off sensor. The frequency response 1411 is inherently related
to the flow of gas flow material through the flow meter, and therefore varies with the
density of the gas flow material in the flow meter. For example, entrained liquid
25  passing through the flow meter will cause the frequency to decrease, as the density in
the flow meter increases and as the vibrational response is temporarily more damped by
flow material. The frequency response 1411 can be computed by using the first sensor
signal 1405 and the 90 degree phase shift 1407, as previously discussed. Therefore, by
employing the fast frequency (and flow stream density determinations), the meter
30  electronics 20 can determine the liquid'flow fraction 1412, and can substantially

instantaneously determine the liquid flow fraction 1412,
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WO 2006/ 104690 PCT/ US2006/ 009272 liquid flow fraction routine 1404, a phase
shift routine 1402, and a frequency response routine 1401. It should be
understood that the processing system 203 can include other routines, such
as the routi ne® MérAwdaner e previ ously di scussed. The net er RITEER0B#NL32 20 can
i ncl ude vari abl es and worki ng values. The 5 vari abl es and working val ues in

one enbodi nent include a first sensor signal 1405, a second sensor signal
1406, a 90 degree barhese phiftroyting7l403 procseses thedinst wasmisignal I inprdggde

density 14009, Lt i . , 4 . =qud d
flow Tracti o EaTor e GRESkisky Akl 40s LiERARTUNE SOD0RRE phek | AT |
under st ood t hatevionsly discassedsiThg physetshift Rdne M020paretexeanedby firedtigoencgt her
vari abl es, such as the variables 10 that were previously discussed. The

frequency of IGFRONsEFRRIngd48khAYtematively) the Rbasgshilioutiae | #4758 betpigeretcddnioon

passes throught E‘EEI‘ : The frequency will decrease as the
liquid flow Fé%tﬁluon ﬁ%srzlg(gggsa!nxfég%ldntrast to a pure gas flow. This is due

to the increased dEmsddngity wheimed403 detednifibothe floacdticam densipy e4@hfrom Thefist or e,

the flow stream densi n used to 15 deternmipe the liquid flow .

fraction. Thes‘?qs‘érqﬁaawi§4§§%rﬁ£§§ secondeenrer Sapl |Ae e mene SrreodiieRl thedkasiiy

signal 1405 apg;: i . L g t he
Rshih8 8405 &Mk ﬁfdg:%ﬁ% %gﬁégﬁ{sjl%ﬂloﬁ tpéflPW S?Péh]ﬁl%hyl eiéilrlﬁﬁéftf&n

first and second sensor signa 406 ect the response of the
one or nore fTbheMlowrstteamslensityal 408iiveelatedioahe density g deeghsdlowt matefhbhandssenbl y

10. The f uency response routine 1401 processes_.at 20 |l east the first
sensor si éﬁgl vy @C?Q{Q%dglﬂfetlbq‘%%ﬁﬁmfgcf‘ﬁ’é‘q&’8@6%#18‘9’IT"@ nse 1411. As was
previously di scusseg, 11@1& ﬂ%‘vs{ ﬁéctﬁaﬁ_’}élﬂtgqreslu.@ﬁ'Ekesjtﬁé’ﬁoﬁras&e%%géiﬁfl4d8%

el ectronic signal recelve romeit pi ck-of f sensor. equency
response 1411pteucarthedignid Jow dlaati@dl 4120 Thiedighidoflow firag@en 14 1@wis nelated itathe

through the flow neter, and therefqre varies with th ensity of the gas
flow materi al APAURIAEE Eqrﬁ?l}t?ﬁ,é 8? {lq‘F* £ Q%?&%ﬁew Taerial; ﬁ@G%FFe&@?%tIQEI%aSSi ng
through the fhowaEd Sdiowih ko R)nt»ﬁﬁhﬁf(ﬁ%.e'i‘ﬁ}(d&ifi?&%éﬁ 8 floAfrhdifondensi ty

in the flow nmeter 1ncreases”and as the vibrational response is tenporarily
nmor e danpéll byoutiht dd0hedneals@prodidecthe gegilen diactias pods evherein theagas e wcloaran ed

by using the first sengor . signal, 1405 and. the 90 degree phase shift 1407,
as previousl yflﬁ@‘éﬁéét@ to ﬁhﬁ _UGF/B?ICE‘%}ag a5 %@ glaﬁgo’fvdggt_erflglequency (and
flow stream densi tThéjﬁltS?EéHfs?lg‘%%ﬁq)m5 %ﬁth@@é&hd%g’ns% §ighA10206 StofviBARional

determne the liquid tlow n 14 and can substantially

i nst ant aneoustespatseeragtived from thic auatet afs$eznvb1j' 1 &.c The first 4diBor signal 1405 and the

second sensor signal 1406 can comprise digital representations of an analog electrical

20  signal received from the meter assembly 10. The first sensor signal 1405 and the second
sensor signal 1406 can comprise sampled portions of the electrical signal.

The gas density 1409 can store a (known) gas density that is representative of a
gas flow fraction of the gas flow material (i.e., a density of a pure gas without a liquid
flow fraction). The gas density 1409 is used in a comparison with the determined flow

25  stream density in order to determine the liquid flow fraction. The comparison is
" discussed below in conjunction with FIG. 15,

The liquid density 1410 can store a predetermined liquid density that is
representative of the liquid density of a pure liquid. The liquid density 1409 can also be
used in 2 comparison to the flow stream density and for the liquid flow fraction

30  determination.
The frequency, when determined using the phase shift methods previously

described, can be quickly obtained, in contrast to the prior art. Moreover, the frequency
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27 WD 2006/ 104690 PCT/ US2006/ 009272 The phase shift routine 1402 processes
the first sensor signal 1405 in order to phase shift the first sensor signa
1405 and produce the 90 degree phase shift 1407, as previously discussed.
The phase shi MO 208¢tHe8 1402 can be executed by the frequePEl/US208&198272e
routine 1401. Alternatively, the phase shift routine 1402 can be integrated

into 5 the frequency response rqutine 1401. The density routine 1403
det er mi nes tkfé‘n%FgWeg‘ﬂn@aﬁP%%i qus@éanppl&l,}(.t ke mstagfantusfEgieasYgnal 1405

and the Secon&%éﬁﬁ}%%n%é &iﬁhta%é&éﬁl dV3ilRee fcﬁe’ﬁ%??d SBBL detdfin ARAS] s§/1¥h a Qutine

1403 uses the frequency respo 411 Iin t ow Sstream densit
det er m nat i ondeterfingng b dwwsitreeandesteitys and/detetfBning arlgjuat Bow tfiactitveadbending to of

the gas flow material, and 10 varies accoydi tqQ the liquid flow fraction
in the gas f |G TYEERN: dpecayifathe figapepcy ICB‘%\LW W‘B’f‘ﬁ% ’6‘6@%@‘3&% 4‘?@3"3‘&“? e

1 ow Stream Agpabhil fdoRalton AhOLERId hd doBitallly BAUNLhAL tor AL dd ke The

liquid flow fraction 1412 is relate unt (or percentage) of
liquid in themgesalfl ow material. The deternination is discussed belowin

conjunction with El . In addition, the Ijquid flow fraction 15 routine
1404 can al so pr odhg@"f‘ﬁée %@‘P@ﬁ‘f‘?tgﬁm‘sﬁﬁ’i ekﬁ?@{‘lcwl%@f’@ e Wée(i{f]éesce?\’le@wa
fraction 14 i I h BPSinl ; | ow
mat eri al . Thgﬁf ? h%g'?ﬁssg%%grs @?gh%saarﬁ%gﬂgﬁgﬁﬁgélg‘gg%ﬁ% sen?o@“ﬁ@%ﬁa fEOG

st ore vi br at i smbsthntiallyspoarsese onglyeieteenhirfed artiquivkf] o tfeicti aus Sethb Iggs flOw rnTdteridli r st

sensor signal_ 1405 and the econd, sensqr signal 1406. can conpri.se digital
represent Bt i oh& 18?*@5%@%%{11 Oe‘PaQCSPP?tE‘g}aﬁEGOE'@?&Flyrpéﬁf(?w IF‘i{EWWe‘%ﬁ%'P%r

assenbly 10. gherfiidish gf@d&@své;tms vhiB8s RPds Bhﬁqﬁé(ﬂlwﬁjﬁrﬁ&% §s mi@Ral 1406

can conprise sanpled portions of the electrical signal. e gas density 1409
can store a (thadww)mefas density that is representative of a gas flow

f ti f th f teri . e, d it f. . i t hout
fraction of the oaaclow L Sial o & mdndr R st HSeSR Matl 2
the det er i negleld oy icHal ABRARRIEN o/ TouPHERF ad Rrdlfk &F M Afbddiichi cihel 11 ow

fraction. The %orrparl son 1Is ]dllgscussed bel ow in conjunction wth FIG
The |i qui P deimsértion] 4d 6tep dA0 b tfosteand speandstwsonsigeals larepgce vetbfrgintthe mister i s

representative of_ .t | iquid densit f a pure liquid. The liquid density
1409 can al soasﬁgnbléfggdasi eyop ??'Bé?FP%Sﬁ% to the fl ow streamdensity and for

the Iiquid flow frgagldako30me 8ER6FYBALIE Bk be conditioned, as previously discussed.

In step 1503, a flow stream density of the gas flow material is determined. The

flow stream density is determined using the first sensor signal and the second sensor
20  signal. Other flow characteristics, variables, and/or constants can also be used in
making the determination, if needed.

In step 1504, the flow stream density is compared to a gas density and to a liquid
density. The gas density is representative of a gas flow fraction of the gas flow stream
and the liquid density is representative of the liquid flow fraction. In one embodiment,

25  both densities are known and used. In another embodiment, only one of the two
densities is known and used.

FIG. 16 is a graph of natural gas density versus glycol percentage (i.e., liquid
flow fraction). The table represents a set of data that is used for the comparison.
However, any type of data structure can be used, and the data does not have to be in a

30 table form. The diagonal graph line represents a gas flow material density for various
fractions of gas versus glycol. It can be seen from the graph that the overall gas flow

material density is proportional to the liquid flow fraction. Therefore, using at least the
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The frequency, when determ ned using the phase shift nmethods previously
descri bed, can be quickly obtained, in contrast to the prior art. Mboreover,
the frequency 28 WO 2006/ 104690 PCTI US2006/ 009272 can be det erm ned

subst anti al | yWiOrgeei4d@heousl y. The inst ant aneous frequencyPCTAe2846@P13 i on i s
advant ageously avail able for use in other determ nations, such as in

det er m ni ng r R AY . ni | i qui.d . Lon
accor ding ophtd SEURRTLARRRA e, A0EDIERTL I Mo S efly MU ATR 00

i nst ant aneou shytichedaarbeidergmirzdt MieshouliedinidbBwolirthe tthodats Byokoge cauinelddg and
accurately de}therin' ned for the gas flow material. It shoul d be understood
that the net 8MCRASIT, Shlbas PessEEAIdteMREAYES JoT @B 14kruldpeprdestp

sensor signa .t r ol i and
subst anti ol 1 37 LR ROHabh i e R s T, e AR E AN HE a0
fl ow nat efi abhnd d@erhiiredret er el ectroni cs 20 can substantially continuously
performthe |iqui | ow fracti eterm nati on progcess.  over .tine as various
| evel s of liquid ﬁf’ 18 36T ’i?rﬁg;aég: IPﬁFeBdéﬁg ﬂ%WUF‘EgWVr%%CEF’? iffetermined; 5 5
flomchart 15 ; : 0 N laToP ell) - £ EActd j a gas
1 ow mat eri i POMEART Reaipr g et Fl ghaind of blbrate A e B v T he
15 inventi onmateriakt e 1G0d flof fradtioardn be subindquearig asedsfog pedfsrnaing othecei ved

fromthe nmeter assenbly 10, as preyiously scussed. In ste 1.502, tgg
sensor si gnaPSMBYALERS, d?taig@ﬁéfglﬁs QW SRIE ANE/GE R q%%%?ég@&ra% StFAPE03, a
flow stream ] : f B i I : iﬂﬁq w stream
density ?g dgﬁgﬁgﬁﬁe@mg?ﬁb&?ﬁggfc%t seﬁﬁpgh?gcgg‘fp%ggg thléeisﬁgg{(;rq%glgensor

20 signal . Odessityftd etleash #redatosm ghsidessityy akltendtas]y, dreddontpacisos tandosnpese aal so
be used in making the determ nation, if needed. In Stcfp 1504 tgqe1 fl ow

st ream densi P?mpgr%é’B \yéﬁeaalﬁggsggﬁgp?tﬁt GG &S e&ﬁi%mdf@ﬁ Y The
gas density iliguir qﬁhg,%gnt ative of a gas flow fraction of the gas flow stream
and the |iqui 3en3| ty is representative of the liquid flow fraction. In one
enbodi nent, 25 boBly cdmpsiing the fhvestkaaowaenaityltarthe dnown ganddrnsey ardihedinoent ,

only one_of the t . densities is kn and use FIG 1@4s raph of
nat ur al égs ﬁjawéi%ﬂ%%mo @Wﬁ%@f&h‘f@ U@Féj@r,thﬁlﬂfﬂgéfo“fﬁﬁ%oﬁ action).
The table rege@sgRkfof PRirafb cHRbAsdshat is used for the conparison.

Dmeasured =X (DG)/DL (35)

where Dipeqsureq 15 the flow stream density as determined from the sensor signals, D is
20  the know gas density, D; is the known liquid density, and X is the liquid flow fraction.
Consequently, the liquid flow fraction X can be determined as:
X = Drneasured (D1) / Dg (36)

FIG. 17 is a flowchart 1700 of a method for determining a liquid flow fraction
25  in a gas flow material flowing through a flow meter according to an embodiment of the
invention. In step 1701, first and second sensor signals are received from the meter
assembly 10, as previously discussed.
In step 1702, the sensor signals can be conditioned, as previously discussed.
In step 1703, a 90 degree phase shift is generated from the first sensor signal.
30  The 90 degree phase shift can be generated as previously discussed. Although the first
sensor signal is phase shifted as an example, it should be understood that either sensor

signal can be used.
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However, any type of data structure can be used, and the data does not have
to be in a 30 table form The diagonal graph line represents a gas flow
material density for various fractions of gas versus glycol. It can be seen
from the grapWotzpistiosehe overall gas flow material densit Pyarau§aeisfen2ta onal
to the liquid flow fraction. Therefore, using at |least the 29 W

2006/ 104690 PCT/ US2006,.009272 neasur ed flow material .(i.e., total)
density and a kn Q\ﬁteﬁjg&gé‘réﬂ”ﬁ?%rﬁépqnisﬁa?@eﬂ%% asy Yﬁgﬁé E%Bp‘%&' b

det er m ned. #dqusRSUeshdaSe SRARY dhgRtkd (g 1hBO0URLRe AR WRIFE AN 18Tk U sopt her
factors, such as pressure and tenperature, for exanple. It should be
under st ood signat, aapreviaugly dibeusgpdaph is for natural gas and gl ycol, other

gases and liquids_can usged 5 and determ ned., Referring .again to FIG 15,
et ep 1505 ¢ he I RO QOMAY Y peet i s Shdie R em e e (RGTrter P
fraction5conpé fg@fent fespohR! I YUnOEMBETIARAL BRFIRY stréath!Héhsith) i 8fterddfed bpw
material. The liquid flow fraction can be subsequently uséed for performng
ot her conpuguingibe freguencysesponsesangdasyeringthesguared frddquancy réspqudedsiness 1 ow

rate, for ex e. liguid flow fraction, can be det.ernin fromthe
conpari son o%%h’e‘#@wﬂﬁoélkﬂ?e Wﬁlﬁgﬁ?ﬂﬂ 4‘% Oé}lﬂerlrhé’%@mﬁwcéer :‘fSWaﬂg‘geﬁé‘ﬂ&{’fy.

Al ternati velgonsthits c&ORREbE S8 16 HbLEIPE déRnAInaGONRARdede Of the flow stream
density to both the known gas density and the known |iquid density. By

conpari ng the fl dwseprldaenthehguidyl adiionks detergaed. dEhesliquid low framsioksamn 15
liquid nsi.t a ratio can be forned.that can be used for.the |iquid. flow
fract i on? aeieieiitmadot P PooT e FouSialitcaitie 86 Ko gy Winfing o2)
wher e Dneasisgflevisus@istdsesd, st ream density as deternined fromthe sensor
signals, Do is 20 the know gas density, DL is the known |iquid density, and
X i's the liquid fThewndtereledtromics God seaghashaccyrdingte the mveetidn eaw tereaanloxed X can

be determ ned as; = sured (DL) [/ (36) .FIG 17 is flowchart 1700
of & et hod 6T RPRY AT 5 SHCrs 1 S P abevidsevaal pintigks R
material fl opidigvédtiof¥ah detetrhip¥aTRURT f18% FACENE 4 SasFoveHRRMaEThe Bbedtit
invention. In step 1701, first and second sensor signals are received from

the netedS awpaleisryinea liqud fowiastion from & Huss sedor signad wag 2 39@Rd semser sensor
signals can s?gehaio?lql fivg ed’ca?lsde eq'gﬁ/nleoauﬁclpxd g'o?v%'asc%grq from a flow stream density.

¢ invention
The invention can determine a liquid flow fraction using a frequency response. The

invention can determine a liquid flow fraction using a first sensor signal and a 90 degree
phase shift of the first sensor signal. The invention can also determine a gas flow
20  fraction, along with the liquid flow fraction. The invention can set an alarm condition if

the liquid flow fraction exceeds a liquid fraction threshold.
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In step 1703, a 90 degree phase shift is generated fromthe first sensor
signal. 30 The 90 degree phase shift can be generated as previously

di scussed. Although the first sensor signal is phase shifted as an exanpl e,
it shoul d be wodessabame t hat either sensor signal can be mSegs20@R0M0
2006/ 104690 PCT/ US2006/ 009272 |In step 1704, a frequency response of the
net er assenbl\xl gél s conputed. The frequency response can be conputed using
the 90 degree"ph&d®-shift and the first sensor signal, as previously

di scussed. | | is
determ ned Ugli ?\%g&%atzﬁéoqlr 6{1292‘;]\653& Feglgéﬂéﬁgggﬁhl?% fg)fr\lweﬁéaloggﬁ n&lﬁgwo{txﬁgﬁ?ﬂ%w

st ream densi tfjowiag d&beghn'a fled rhyter SQuthe hmgerthetrbmleq@@mcmnpnspgmse and

inverting the squared f eq c response si nce y =1 . It s uId
be understood that2'dff éf’%&‘f‘%ﬁ Pglgﬁté%ns%%lgil B‘P §,Se%ﬂ?é/58?sor S8R %
can al so bge he determ nation, if needed. In step 1706, the
liquid flow ;{rﬁggﬂwgﬂgf?lls({sgg%&gr mned. The liquid flow fraction can 10 be
det ermi ned from t heprooesgmmgisystama@01)hie chmmunitatiea withahsinterfaco (2019 akd configgees!

density, as previously discussed. The ter electranic nd et hod

accordi ng t o PRECHRIBREIFTEAT £ éer@ﬁ’bﬁ;léﬁﬂgo’é‘é ‘E)F%fl‘?r%cj [(g() Sn‘g&t‘iﬁm{lﬁ%

enbodi ment s i Vel

Tnvent i on cart HePAFLLy R BANCAE BREleAn ARATARERs: Adw AERAL Loipe Mt 11
invention 15 wasordignel aidie aedolndlsleld;of hlgmlfcroanqialr@thefsnbmrmaﬂynmmmsmﬂm gnal

and a secgnd sensor nal . The invention can determne a liquid flow
fraction f(f onftEgaRy cmﬁ@t?% feagene afyp pre IRRAeE ﬁ%lwéﬁatd%{e@#‘rﬁ’%mé? Hiacfids d
flow fractio

i qui d 11 ow 1108 fgich of GYENAY 1R AR L pEMBIerh LR b A0HAN, Sl Sl iEnive
shift of the oSﬂarl$c;u1¢ﬂns/cfracslbg,rzmki.deﬁmmerthenmdmo&aﬁacaﬂoadrcﬁ;et}erdmimriangas
flow 20 fraction, along with the liquid flow fraction. The invention can set
an alarmcondition if the liquid flow fraction exceeds a liquid fraction

t hreshol d. 31 WO 2006/ 104690 PCT/ US2006/ 009272 W claim 1. Meter

el ectronics (20) for determning a liquid flow fraction in a gas flow

mat eri al 15| o Tige tbteoalphtrenits (A0) wétlaim ( 5yvith theeproedseing ey et 208 )deingXhyther
conpri si ng:

configured to determine the gas flow fraction.

3. The meter electronics (20) of claim 1, with the processing system (203) being further
configured to generate a 90 degree phase shift from the first or second sensor signal,

20  compute a frequency response using the 90 degree phase shift and the first or second sensor
signal, and determine the substantially instantaneous flow stream density using the

frequency response.

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

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

30
5. The meter electronics (20) of claim 1, with the processing system (203) being further

configured to compare the liquid flow fraction to a predetermined liguid fraction
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an interface (201) for receiving a first sensor signal and a second sensor
signal from 5 the flow neter (5); and a processing system (203) in

comuni cation with the interface (201) and configured to receive the first
or second sen3¥?2086/fMed0s fromthe interface (201), detern RET/AS2006/009272
substantially instantaneous flow stream density of the gas flow materi al

using the fi[st ensor, signal and.the second_.sensor. signal, .conpare the
subst anti al I@“?Sr]?g’?iaaﬂﬁéﬁte% afm de%o%'fflﬂée;fﬂ“d‘gﬂg\”t CPBHQ%CIGQ%Q}G one of a
predet er m negregaermbifBSlibMidiation Sregplesent ative of a gas flow fraction of
the gas flow material or a predetermned liquid density that is

representative of a liquid flow fraction, and determne the liquid flow
fraction fro e_conparjson, .. Th r electroni.cs (20). of ¢claji.m1,
w th the pr ofedbf ERE FEPRRES 647 ofslaNg 1t Bt s fog il hFotoge SORRRE { he
gas flow 4ragbiwQheters. The neter electronics (20) of claiml1l, with the

processi ng system (203) being further configured to generate a 90 degree
phase shift fromthe first or second sensor signal, 20 conpute a frequency

[ he 90 hi f.t t first d
T onal - ana domer feis </ RO EMARE iy vl St o o EERBaR Y BRRGIe
using the fQgagushetrresponse. 4. The neter electronics (20) of claiml,

with the processing system (203) being further 25 configured to generate a
90 degree phase shift fromthe first or second sensor signal, conpute a

frequency,re se usi t he d ee pha shift and the first. or second
sensor 10 gndl ThE st el anies LA of TR dSHER G TunRgERE Mud SO goriparTe
frequency r eﬁﬁ%ﬂﬁﬁ_ant?a‘ﬂ? ihd¥REdeoud NEwSHEAR %@nJitgetg YeHe¥ gﬁﬁﬁ%ﬁ% Gt lfe];Qslt %@V@@f @te

the substantially instantaneous flow stream density oOf the gas
mat eri al . 30ptedefimeinae gay densiy thaosi reprefdbitivefof elgas flow frastiom of the gos foessi ng

system (203) being further configur to conpare the liquid flow fraction
o pr edet eFSEHOR Bh aaerragir S s ons obp ToTess Bet Bl AbaTR TH0s b on
threshold and set an alarmcondition if the liquid flow fracti on exceeds the

predetermned liquid fraction threshold. 6. The neter electronics (20) of
claimi1,1%ith the flow meter (5) conprising a Coriolis 5 flow neter. 7. The

C? L?;t ieLgct ' g.nil\gester(e%ggtro%cs(é&i for &éter\/rmﬁigllr}lgtaq?qu]cié A% BL8on £n52 ga(fsoflfg)v\rf imsa. erdl @
flowing through a flow meter (5), the meter electronics (20) comprising:
an interface (201) for receiving a first sensor signal and a second sensor signal from
the flow meter (5); and
20 a processing system (203) in communication with the interface (201) and configurec
to receive the first and second sensor signals from the interface (201), generate a 90 degree
phase shift from the first or second sensor signal, compute a frequency response using the
90 degree phase shift and the first or second sensor signal, determine a flow stream density
of the gas flow material using the frequency response, and determine the liquid flow

25  fraction from the flow stream density.

10. The meter electronics (20) of claim 9, with the processing system (203) being
further configured to determine the gas flow fraction.

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

further configured to determine the flow stream density by squaring the frequency
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densitometer. 10 8. The neter electronics (20) of claiml1l, wth the
conparing further conprising conparing the substantially instantaneous flow

stream den3|t drive gain and to at | east one of the%ﬁ redet er mi ned gas
density that z?oéﬁp’ég%nt ative of a gas flow fraction of tHfd/GHLPBR
material or the predeternmned |iquid density that is representative of a

i qui d 1] oW fekfikd Mhenerkfe 9sa Bl £ORIES s Bhchofc HFhRITOMRRA |1 aul d

flow fractionin a terla ng throug t he
net er el ect rmmme(@@hem@rﬂmfﬁ:mgﬁeamﬂansmrface (201) for receiving a first
sensor signal and a second sensor signal from the flow neter (5); and 20 a
processing system (203) in communication with the interface (201) and

configured {9 TRCRLNKPelkbRoditd @g) 81Jaiifs Qlith € Ex??d{ess%h@&%ke?n U(B'Y‘o&ﬂg further

interface (201), generate a egree phase s fromthe fifst or second
sensor siy nabqnﬁgorthlb de‘anﬁimquihma ytreagsgonie ofitierygs flow m&@r1dég1‘ra&qﬁna&ensnln| ft
and the first, or Sﬁ? ond sensor sig%g |, det ne a fl Wstreaﬂi densit%/

the gas fl owi&id@pd Hie SGeomHlsensE st gﬁ%‘ﬁ&@rert n%%w§gea1% B R AhicAY oPRE 1ihff’qw d

flow 25 frac egaelfrﬁlﬁﬁﬂ %éhedefnh%\"‘th%{ {s?éﬂééiﬁ&%’v&%ﬂ %? 0 GrabREELEE tﬁg %&é figpi cs

(20) of clai he processing system e| ng urt configured
t o det er m nemktesalgasthé pmd/etferranmd dlquld?.ﬁnﬂiﬂy thdthie reye¢sentadlbeof « bguid flop2fd)ctioh,

claim9, with e pr.oc 0 em, (203 elng further configured to
det er ni ne th%“‘#‘l?eéwné’i‘er@ﬁid @nfi ApNOTSIEOMg eh‘"g;P“t‘le"élSF”Pequency 33 WD

20061104090 PCT/ US2006/ 009272 response to generate a squared frequency
response and invert the squared frequency response to generate the flow
st ream densi 13.. TH®mefEhelentomics @08 of claim esw'(tlzﬂ)e mrbeeskiag sy 8emvi2§d) hehg

processi ng system 3) bein ur ured to term

stream densi %Wthtﬁ ‘glﬁ:%“ tofmﬁmfat%‘%ﬁﬂ%'g &?‘tq?ﬂ-? P rpar? ’E)‘f'cphqﬂl% é?uoéilnd
the second sghaRblndel an AREERIAPIT NI HEATARBA kideciOuRL | €aST one of
the predetermned gas density that is representative of a gas flow fraction
of the gas fprdetermined iighiddractibe tipeswbt. er mi ned |iquid density that is

represen ftive of aliquid flow fraction, and determne the liquid flow
fraction*tromthe conparison. 10 13. The neter electronics (20) of claim9,

with the proggsshdery 3le@Fbhidd30)BEEREN 9, with the flow meter (5) comprising a Coriolis

flow meter.

15. The meter electronics (20) of claim 9, with the flow meter (5) comprising a

20  vibrating densitometer.

16. The meter electronics (20) of claim 9, with the determining the liquid flow fraction
further comprising determining the liquid flow fraction from the flow stream density
and a drive gain.
25
17. A method for determining a liquid flow fraction in a gas flow material flowing through
a flow meter, the method comprising:
receiving a first sensor signal and a second sensor signal from the flow meter;
determining a substantially instantaneous flow stream density of the gas flow
30  material using the first sensor signal or the second sensor signal;
comparing the substantially instantaneous flow stream density to at least one of a

predetermined gas density that is representative of a gas flow fraction of the gas flow
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further configured to conpare the liquid flow fraction to a predeterm ned
liquid fraction threshold and set an alarmcondition if the liquid flow
fracti on exceeds the predetermined liquid fraction threshold. 15 14. The
nmet er el ectr OKP@W6{12EY0 of claim 9, with the flow neter (5)PCTOISRIGHINT a

Coriolis flowneter. 15. The neter electronics (20) of claim9, with the

ol oetront s TBETADPY 4 pichthefuinkl bl BhY BEAAR R QTRLL: of DrigitRIcTFhRop,

further conpeiding determning the liquid flow fraction fromthe flow stream
density and a drive gain. 25 17. A nethod for determining a liquid flow
fraction in a gasdetesingg e ligpidflowiagionfran §ie comparise neter, the net hod
conprising: receiving a first sensor signal and a second sensor signal from
the flow neter; determning a substantially instantaneous flow stream
density of thg Thsnfetlmd ofdlainnl % firdier neinpdsithdetbiminingsthe goy flswdratioror t he
second sensor signal; conparing the substantially instantaneous flow stream
density to at |east one of a predeternm ned gas density that is

B 3L A8 T Rl 4 RSO0 A, St RIS

represent ati ¥eea deénsity Gutltbricbaiprikihgct i on;  and determning the liquid flow
fraction fromthe conpari ng. 5 18. The nethod of claim 17, further

conpri si ng det er ngpasdingied¢ degres phgse phifitfrasm thefgst omseconssenwpr senak aj m 17,
wi th the getermni : ' I,.1; -5t ity
further (lzgrrpri Si né&gﬁ{éﬁr}gﬁ» gp{@ﬁ%&g& l@%bb esaru E‘Z‘EE‘%@;&#?‘% }gﬂa?(\évé%ﬁtahg@ﬁ t(riirg{ﬁjor

second sensokec®ndBédsor dignalpamiit i ng a frequency response using the 90 degree
phase shift and the first or second sensor signal; and deter.m ni n% t he
substantial |y i nstalgfamig e spbsfantials myfaneneoustlay ssanhdemspy figahiby trequency

response. response.

15  20. The method of claim 19, with the determining the substantially instantaneous flow
stream density from the frequency response comprising:
squaring the frequency response to generate a squared frequency response; and
inverting the squared frequency response to generate the substantially
instantaneous flow stream density.
20
21. The method of claim 17, further comprising:
comparing the liquid flow fraction to a predetermined liquid fraction threshold;
and
setting an alarm condition if the liquid flow fraction exceeds the predetermined
25  tiquid fraction threshold.

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

30  material or the predetermined liquid density that is representative of a liquid flow fraction.
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15 20. The nethod of claim19, with the determ ning the substantially

i nst antaneous flow streamdensity fromthe frequency response conprising:
squaring the frequency response to generate a squared frequency response;
and inverti ngOeMWe1&Gar ed frequency response to gener at e PCaISsadooesare i al |y
i nstant aneous fl ow stream density. 20 21. The nmethod of claim 17, further

conprising: ,gonparing the liquid flow fraction.to a predeterm ned |iqui
racti on ¢ hPdsRonetood frafeisniiing a Ut divh i i p o BpSimeeriflincng pipet
fracti on exGeRUSMERE thE LRI BIpeding25 |iquid fraction threshold. 22. The
met hod of claim17, wth the conparing further conprising conparing the

subst anti al | y i nsecarvirgeticss sérisonsignal endra denosd sgnsbosignal fionettgdiow amtery o at

| east one of the redeterm ned gas depsity . that is representati ve of a gas

flow fraction of g?'EFéatlj%a ﬁng r%“ogl??é‘f gl_?lﬁiﬁongp’et He Prew SFRIOR&EnRE qui d

density hat is E@rﬂ%ﬁ‘ﬁ%‘iﬁ%}dﬁ%af%sﬁoﬁ%%‘fn@tﬁé waé%&_ Ha@8shift3md W #QPG/ 104690
. met hod i quid

PCT/ US2006/ 009272 2 or determning a flow fraction in a
gas fl ow naseondkerfsbosigma); t hrough a flow neter, the nethod conpri sing:

receiving a first, sensor sipgnal and a.second sensor sigpal. fromthe flow
neter; generati ﬂ&teﬁn’gﬁlgd%gg\gétrﬁﬂﬁgén%% c%t(t)hﬁ’f 5 ﬂ]ot“hlé‘a‘ieflgg‘ﬂs“&% the g]l@eaﬁglcg ensor
signal; 5 cgggpgﬁgengncp frequency response using the 90 degree phase shift and
the first or " second sensor signal; determning a flow streamdensity of the
gas flow mat eri adetesnmng the lifynedioen frgctionefsqo tiseflove sde e lesityni ng the i qui d

flowfra@tion fromthe flow streamdensity. 10 24. The nethod of claim 23,
further ‘Conprising determning the gas flow fraction. 25. The nethod of

claim 23, wiih ThaendlRbE621RIn g3 HiRndr BMpBiig ARARRS S dhelda® Mol Bactibhequency
response conprising: 15 squaring the frequency response to generate a

squared frequency response; and inverting the squared frequency response to
generate theflagw Str et 4eRShE Ysith the determining the flow stream density from the
frequency response comprising;
15 squaring the frequency response to generate a squared frequency response; and

inverting the squared frequency response to generate the flow stream density.

26. The method of claim 23, with the determining the liquid flow fraction further
comprising;

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

determining the liquid flow fraction from the comparing.

25  27. The method of claim 23, further comprising:
comparing the liquid flow fraction to a predetermined liquid fraction threshold,
and
setting an alarm condition if the liquid flow fraction exceeds the predetenmined
liquid fraction threshold.
30
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26. The nethod of claim23, wth the determining the liquid flow fraction
further conprising: 20 conparing the flow streamdensity to at | east one of
a predeterm ned gas density that 1is representative of a gas flow fraction
of the gas flWe20@hedb@l or a predeternmined liquid densi torrhRadosiosozr
representative of a liquid flow fraction; and determining the liquid flow
fraction fromthe conparing. 25 27. The nethod of claim 23, further

conpri si ng: 28oMpameatigpd dfcléinn2i, dvift thevdétemoiningthe tiquiddteyd netion fugterd i qui d
fraction threshal d; nd. setti alarmconditjop if the Jiquid . flow
fracti on excoRHasink dfbinEs rtpug T4y JaRier FaRolovIFesRderIBgs o
2006/ 104690 dRGd/ghdg2006/ 009272  28. The nethod of claim 23, with the
determining the liquid flow fraction further conprising determ ning the
liquid flow fraction fromthe flow streamdensity and a drive gain. 37
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