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MULTI PLE FLOW CONDUI T FLOW METER Backgr ound of the
Invention 1. Field of the Invention The present
wonvmkelan rel ates to a flow neter, and nore PCT/US2006/033024
particularly to a nultiple flow conduit flow neter. 2.
Statenment of the Problem Vibrating conduit sensors,
such as CorMULTPLhEFLOWGONDEIEFROWWIEBTER ng
densitoneters, typically operate by detecting notion
of a vibrating conduit that contains a fl ow ng
material . Proper BRkgr66AEIGFtRE IMyéMtibhe material in
the conduit, such as mass flow, density and the |ike,
can be deterni ned by processi ng neasurenment signals

1 Frezig;%%dm%@ r;mtl on transducers associated with the

Vi brati on nodes of the vibrating

The ﬁmseht mivehiion eslatsstbentige mestal, ahdameraparicutdiybty 4 maltiple
nmbi ned mass, stiffness and danpi ng characteristics
ﬂow@@”(ﬁﬁbﬂ%rﬁ@%ﬁﬁl ng conduit and the material contained
therein. A typical Coriolis mass flow neter includes
one or nore conduits that are connected inline in a
2. Spatpelenhef the RBrabéamt ransport system and convey

oy bttt srnsPre. sug i o Eistast AdvihgRee el \ating
dené"t@h#é’c@r‘s Wp‘ilfa@l&'d@iérﬁwdét@@hh@hﬂﬁbonf@a GibpTRIgecorfiuthat

bendi ng, torsional, radial, and coupled nodes. |In a
contaippiectiowiag materisl. ngeeriiesasanciaied ity th&;mateé'@! inoie genduit,

G

meaS@éirit sighai®esdsivst! Ribmpobtit's trapedeckralassgcibbe with the

conduit. Excitation is typicall
condigh dHeoyibrasiog, modas ef e T BrroR NP RRALA sesie8] ggneraliyare
t
affeckOl BY (€ Ehioie ask St ieBarRRd bR ifacRsttd of o
contaipagucontyit amethaenaieré cph’mreﬁcdtﬁa‘relnences bet ween
ducer

éﬁ%ﬁ%‘?‘ﬁ%”%]@rmﬁ?% agwfmgtgﬁ c?gge%?ge oy Hwocrglclondults that are

Conrﬁﬂﬂ’éd)bfﬂﬁe'nﬁ‘ agfﬁérnet@r HPaptaAsPorY sPstaki afdohespanssiafe.g.,
| ow conduit or conduits, and are typically

ﬂuudsmiartr@@ and thedikei m@e@@te@arﬁe@hcm@mgﬂ%amvaﬁW%as having a

o LB R 205 S BRAG Br.

radialNgedp esdgiat paodéss. ofn adtypical Gdrvlis msdsufi@nra¢asumement
apphrC%%S:wvg ?;ogcle%? %l gxcfltiegrlnn tolg% cgr\l\rﬂr%oreI \(/:lll;gtfonsrggggé Zs a material flows
through the conduit, and motion of the conduit is measured at points spaced along
the conduit. Excitation is typically provided by an actuator, e.g., an
electromechanical device, such as a voice coil-type driver, that perturbs the conduit
in a periodic fashion. Mass flow rate may be determined by measuring time delay
or phase differences between motions at the transducer locations. Two such
transducers (or pickoff sensors) are typically employed in order to measure a
vibrational response of the flow conduit or conduits, and are typically located at
positions upstream and downstream of the actuator. The two pickoff sensors are

connected to electronic instrumentation by cabling, such as by two independent
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and processes the signals in order to derive a nmass
flow rate neasurenent. Flow neters are used to perform
worasms/kklay rate neasurenents for a wi de vari et pCofUS2006/033024
fluid flows. One area in which Coriolis flow neters
can potentially be used is in the netering and
pairsdif syesss i Tie imfstriimeingatiamidcediascsignale fiea theetwaipickoff sgasors

and (peTR e S TRT TSR, T SROLr AanauerOBI R aRinment
f & NGhelehs BRSGSEER HOfOME HERS Ry FAD CRSIEUreRRnts fdﬂ% wide

cost and availability of unleaded gasoline and ot %{
variety affiuid Saws. fQre srea i Waish Conmiip flgyueeirremes Ratentially be

t
ssod PRI 47 B GEERG 1h PER SRRl o
altertistereofielSonhb et sonthesstd exgddne ial respord oentresisngneonasrns
over goBUTA0H AT reRONSEHE ReTeREG GICETTh Shellane tost and
avallﬁsmféﬁﬁ\l@é”&eobg&éblﬁ\%rérﬂf Bﬁﬁr %dftio'n'a! @it thﬂa@’ﬂ%any

izing tradfti onal nmps or utilizing
govecmmpntssrecbammnglm\gﬁx\sec{ mpue)rladixm)@gﬁatg)rf piomoting the use of

| ter ve fuels. Traditional gasoline fuel
altera@g E@L’*rs require two individual and i ndependent

NMEAR éﬂuﬁlﬂﬁforttﬁ@ u¥elif Iplis afetbss ihithketternative fuels market is
si mul aneous y. A dual neter fuel dispenser can

in thgrﬂ&mgdﬁ veh@leaetserzb@smacsw kysasaptc. rHBeRRSr erothastiting fh

indivit ré&ye&é’}e% kﬁéeﬁ g%ﬁ%rﬁéecfﬁg l|TH§ s’i%n“slbﬂ*ﬂ’z@p tfﬁﬁorﬁ@asollne
pumEb@r sitilifiog oamﬂr@éﬁd mtdraiayasr(é}h@)jdrsbenm foealsérniatige fuels.
wever, the overall cost and, size,.q

Tradiipnal gaselind el AisapBseradpanes e Igens: andBpeRgp meters
S0 tﬂeﬁwﬁ%‘ﬂf ur?b@&ulléaﬁ‘_%uﬁ&l édhsﬁﬁ &@”ﬁ?ﬁﬂe&éﬁ/@el HispeBser can

romng In her e a chal enge exists in
provb;m v mlateret dlod\esrtedearpsa Tmstwoeﬁcfveetreamew flove pé different rates.

rovi de two | taneo fu r
e §6 B o B B0 EE ol bR B R . o
exargﬁleg%nbrb%tn%évetd\ﬁefe@ﬂ@l‘éﬂ%ﬂe%' ow meters in such a fuel
enser. Although this is a workable appro , .t
haklowrexab 20k overalocass eed a@/@f:%wlwm f@é\@tﬁ’én?w@ fuels

ace. in t en i InG8tvea i
R L R T
sucH Hejrodirgpianestry. Therelﬁ@teela dmuenge exists incoping eblibtehdevelop a

the electrical power. of, the Sol l; ol
cost-effective fuel meter that can provnde o simultaneous fuel flow measurements
on two independent flow streams.

One prior art approach is to install two separate flow meters in such a fuel
dispenser. Although this is a workable approach, it has drawbacks. Two meter
devices take up double the space in the fuel dispenser as a single meter device.
Two meter devices can double the meter expense of a fuel dispenser. Two meter
devices can require double the electrical power.

Summary of the Solution

A multiple flow conduit flow meter is provided according to an embodiment of

the invention. The multiple flow conduit flow meter comprises a first flow conduit

conducting a first flow stream and a pair of first pickoff sensors affixed to the first
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A mltiple flow conduit flow neter is provided
according to an enbodi nent of the invention. The
waoubdasiopkia2f | ow conduit flow neter conprises a PCTAIS2006/033024
flow conduit conducting a first flow stream and a pair
of first pickoff sensors affixed to the firstflow
flow e@ndidi. t Therhwltinie fliopt eorfdudivilaye mader furthencempeses at taﬁ@t one

s TRl BERL AR P! L2k bRY FAP b o=

one p&iR6t additoRal pickdff ssltiicrs affidedibekebt Is3ehane %ddftfolnaeﬂow
to the at | east one additional flow conduit. The

conduéaérﬂweoatéeamnq igilional flpvsstreamis ﬁ’\qe@@@a@ﬁh%fﬁheélrrsftfw
streain) rﬂ]efr}] yﬂﬁtﬂo%\?%ngﬁ]?fkgwlrﬁét@ﬁn{ cﬁ?‘%oﬁ%}%@ sta Eérﬂ\‘\’g)n driver
&r CORPri ses a commn

river configure
configuledcatoevibeattd bbtretHfei first fléw candodadtthaat |¢dst oae dddiimmal flow

condiS B aeerae 2 bSE Uit S Foe B gpona
V,brathyqteggaﬁgeresponse A neasurenment nethod for a

iple flow conduit flow meter is provided accordi r]g
t &meaamwenéthd forﬁ@ miltiphe flow.conhuit iewhmeter is provided

ccocf BRI AR LRA B B e o 5 el SRR e o
first fsldlicbhanitbohd @tngoa kst lflowTétﬁaam I@maltwb}@tmg aptrdsporedadational
a common driver. The nethod further conpris

flow eepdiiti hige yiarating isparfarmeshiy arf@éraaﬁgéﬂaﬁr ¢ hee fetpd further
comélll W GORAMS o flrrsetciﬁér‘é't@lgalﬁ%gbgﬁéc% o LW gef}{jgiﬁ Jeceiving at

ratl onal® res east one ad _
Ieaslfd)rwvad@lmdualt\ubmmdndle’eepanm nfjthe dtilesst drieoadditional flow conduit,
characteri stic. of heflr fé,ﬁﬁwstreamfromthefligwstt

and deﬁrmmaa@ﬂr%%%ﬁ&@r%tﬂ' e figst fiowostee sy 41y die
wbra‘ﬁ'of%fafirte]'sgﬁﬁ%s e 5Rd Rﬁ@ %@lea%t Bﬁé?deh‘fdﬂml vitRAthadl fedpohse.

ow conduit flow neter is provided accordi ng
t oAaneaasdIemamémetb@d farea mutime iflow. comsielitrflomhagter is provided

s BB LB B B T GABEHL Mg

first AERT don@lcohb oA gkt tfonosidswrhiarg Abratiegst Ieeanst one addltlonal
additional flow stream The vibrating is rfo[)%
flow goodwrirsandvetingrat lgaet eite pdditendiflovagidpamontdl® YPEHNY 4

perfﬁ@{cggb Taur r’%%ﬂedm/%ﬂ.t TAE dtigadt 'orn%tacfdltﬁ’ﬁraz?lfﬁzaﬁeam?s

er conprises recelving a ational
|ndePeﬁ@@1ﬂ&ﬁ thé fitdtdloin steearhl decroethad fusther cewmeage@mvmg a first

east one addi tiopal _vi bratjagnal, response, of
VDTG reRONSAA HONE TP FCoTh et Ragt de Efional
vnbrﬁﬁiﬁ%&k&?ﬁn@@tﬁﬁ A (é%sﬁotﬁé baHitbhalsy "o@ﬁmm The method further

stic fromthe first vibrational res#oonse and
comphiseatieteranining adfiratitow isteam ohareateristiafronetsoiirseviarational

resrERge AP APt e Fom Ao S of R PRkl LB Bhiggmining ot
least one additional flow stream characteristic from the first vibrational response
and the at least one additional vibrational response.

A calibration method for a multiple flow conduit flow meter is provided
according to an embodiment of the invention. The method comprises zeroing out
the muitiple flow conduit flow meter and zeroing out one or more reference meters
in communication with the multiple flow conduit flow meter. The method further
comprises measuring a first flow through a first flow conduit of the multiple flow
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and the at |east one additional vibrational response.
A calibration nethod for a nultiple flow conduit flow
waorb@ro2#2 pr ovi ded according to an enbodi nent 8€THISE006/033024
i nvention. The method conprises zeroing out the
multiple flow conduit flow nmeter and zeroi ng out one
conduit floot meterfusirgtie mettiple flow conduil ibvanetar abd isingée one or

mul. t i fl.,0 0 it T th t
moreTasareRtE chai@h S0% fitdouing & T<E bnp A A6 S gf reast
one &digbidl floly edreluibitthelnsultibleviencomduif fiewnietee usingithg multiple

the nultiple flow conduit flow meter and using the one

flow epndwif ftow areipeARd USGENS AeCTBR%UATRENEe Meigss. bhe method
f

i 3R] oMLY RO Plork R b pait el 8 o 7ty e

multiplecflow bbn@MnéflbWametemdmgta fitsbflowanheasanedherdiang drhat least one

re reference neters. The nethod further conprises
add'tlﬂ)é?gﬁﬁ’{"rﬂ”ﬁ SYRWH: more flow calibration factors

(FCFs) for the rrulj\ggggtsfg,pmqu@gm,bnfl ow neter using
a first flow neasurenent and an at | east one
addionecspect bbthenfiew maiasine flowpvetes comprisesianerioliniiow
In one aspect of the flow neter, the flow neter
Eon'prl ses a Coriolis flow neter. In another aspect of
t he drloavernmiprict of e fidvowmearet, e flowpheiReomprises af vibting
densitoneter. In yet anot her aspect of the flow neter,
densita@efe st f| ow stream and the at | east one additional
fl OfHEDH)}
ar}l@}%ﬁé%ﬁé@f@é%{sbgwgfﬁe fﬂl()glvﬁ‘&'\%‘tsétﬁfér ﬁJ‘ P@Htstrebﬁ ¥f4 the at least
one acﬂdl’emaldlowsgsm@masarfglrmteairdm as:tonnmputm;awtd t he at Ieast
d|t onal flo treamo froma sec
B! anptrpBsnref olahe 1ERMnRtsT ErSF ol Reder Shighates from
first ﬁwb@t"éﬁ@ﬂ%’ af 4B5D6he gembhél%m&@ém%@ﬁét@almn a second
configured to vibrate the first flow conduit and
inpulvi br at e the at least one additional flow conduit, wth

- A0l Bng e AePBTar B R efrciht A BPER B EPimriss

mete? @Msbitidnics E8FigiRedto ViDastt the tiraddint tomdlit andridtatenpé at least
resPonse of the at | east one additional flow conduit,

one ag@itieraldiow senduit,iwit the| dhvaling baincpedemed by fhcpmman
driveﬁ',I %Wg?fteraeﬁr@tfv b‘?gilg)rgag %éﬁoﬂslevdfq & é"i?l%k/\f EGTRAN$EAN at least

|'east one a i'ona |ona response
one additional vibrational response of the at least one addl’uonal flow condwt, and

mete

determine a first flow characteristic of the first flow stream from the first vibrational
response and the at least one additional vibrational response.

In yet another aspect of the flow meter, the flow meter further comprises
meter electronics configured to vibrate the first flow conduit and vibrate the at least
one additional flow conduit, with the at least one additional flow conduit conducting
at least one additional flow stream, with the vibrating being performed by the
common driver and with the at least one additional flow stream being independent
of the first flow stream, receive a first vibrational response of the first flow conduit,
receive at least one additional vibrational response of the at least one additional
flow conduit, determine a first flow characteristic of the first flow stream from the
first vibrational response and the at least one additional vibrational response, and
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In yet another aspect of the flow neter, the flow
meter further conprises neter electronics configured
woaoosiosidte the first flow conduit and vi br at ePCAISA106/033024
| east one additional flow conduit, with the at | east
one additional flow conduit conductl ng at | east one
deteragine @ saraindfilaynchanagtaristigiof the Aeleasbeng pdgitipephijow stream

from RS TEFeingt Poe R e et mA bt it YprefiiRe

respdingest flow stream receive a first vibrational
response of the first flow conduit, recei ve at | east

o8 YahanethgrasPertaTAne S metes pihiecfiows meatpiefusiner gagprises
mete? B adPids &?ﬁbu&%&ﬁé@%ﬂwﬁe g ﬁ?stt ot 6h°ar§ feliEAe ﬁﬁb?ﬂ‘f"least one

characteristi I'rst oW 'Stream From f
addmorimli ﬂowmhmlrawtesﬂmwseingrhhie first vitiratieea trespensedaind thenall least

ati,o ponse deternm ne a second fl ow
one%

iong! rgp PSP‘H%S%'P RPN 8ne addi tional flow
m, =HERIRf LoB dghﬁuf'zest TMQWP@E rsépwgazwwm #d

I eas‘t dhe addi ti onal rati ohal *respd

i, =3Ok N\, asRRCYH x@f — rhex fh.ow F@Fg[Atﬂt-hgtzf f)sz\mm GJTm]) in order
further “conpri ses net er €l ectroni ¢s con |gure

to det@heingiarfesbmbiss slow fadev( ehpofabedirstsidwe steaimadnd aaetomhenass
additional flow characteristic using the first

flow watei(at, ) ohtile sesmaitey shidarhe at | east one addi ti onal
vi br at i onal response i n equations Atn - Zn

) Xpivet ppathemappeeialthe Aoy me rztmﬂqw merferfy e FRNRIISES

metfﬁ'?%jezdi@gcis <§o)??%%fe% %{ %@t%)n)nﬁne(% III’ t-ﬁ%gv fgétrefﬁgﬁ‘g %26 aftfésa?st one

additiersed flolvasharatterigtic ugingfthe I'ﬁlestfvubratlomdaloms}scbmmmndiﬂtb at least
of. the second fl ow stream

d
one gﬁi&ﬁﬂg?a'gfﬂa’?H%P&ar&ﬁB%S%P %thl 8w meter, the flow
i, f}@éﬁfg eUf}er)rx Orﬁerwﬁ pEeT e%g (€S zgongf hed

rmnE a firkt owcé éteristic and at°1east

i, OReradd tionak (f Low chalpcrer shi ¢ Mgl Lime X Tmdtin order to
vi briati onal response and the at | east’ one additi onal

deterhinead fishalassekponste (i) eﬂthwtﬁrehﬂiov'\F sfreant&ika a(séicond mass
Atzx) x (1 - Tex x Tm) + FCF12 (At 2 - AtZ2) x (1 -
flowcﬂeXzﬁgn@)‘tfms{emd:ﬂWBﬁEa(Mt 2 - At22) X ( 1- c2x
TnR) + FCF2 Tc X r% n order
t dnget epapihes aépﬁpfr @ftthﬁef@s‘/ meéﬁv Fh‘ﬁ ﬂo"(f msteafu heg comyises

ey S SO T ORI UM ECtRT) iR for
callbmttcef procbss,fAeswoutbae drundrecefearentes sdersnmtaammunication with
the rglglﬁgf%rf oru( Eggﬁﬁg%llg\%ur%%%r;r%eégﬂr% ecn) }f’ rst tﬂow t ougl'Pa ?rst fIOW conduit
of the multiple flow conduit flow meter using the multiple flow conduit flow meter
and using the one or more reference meters, measure at least one additional flow
through at least one additional flow conduit of the multiple flow conduit flow meter
using the multiple flow conduit flow meter and using the one or more reference
meters, and determine two or more flow calibration factors (FCFs) for the multiple
flow conduit flow meter using a first flow measurement and an at least one
additional flow measurement.

In yet another aspect of the flow meter, the flow meter further comprises

meter electronics configured to determine the two or more flow calibration factors
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calibration process, zero out one or nore reference

meters in conmmunication with the nmultiple fl ow conduit
wohaos/oaetier, nmeasure a first flow through a fi Pet/uSk@me033024

conduit of the nmultiple flow conduit flow neter using

the multiple flow conduit flow neter and using the one

(FCFel farahe ngfiglecflove comdt iow mestenusingtthé egsatione

additional flow through at | east ope addi tional flow

FCEQId |Atﬂog ttAel mgl tipl@ flowgon UI REFQw neter using

p1ef W CO dwt fl ow nd using the one
FC}(; dreferen ﬁﬁ%}l éer 6 WO Oor nore

FCF), pw a&‘af by atﬂtj)ﬁzgacto@s ( FCR%) flor tﬁe mul tiple flow
FCFO duit f1ow ugeng a frrst fl asurenment and
at® | ed;\st 0256 additl 6%él| %t? oW’ rrea ure nt. In yet

aqﬁtﬁ@ bn8fHRe @lspett ditBeffloAneRirethe ide nﬁét@Wferﬁ"te@fcompnses
further conprises neter electronics configured t

meteat efestranies cordiguned &y daieraind ibw el eroparte B@.W callbratlon factors

(FersdforghemaoBaledFh ol HoM Helr b ME R opr e o
i, TEFEF, the Fkew Trepec fgrther conprises neter
! Iect‘r‘onl cs colfflgufed'tjo determine the two or nore

| ow cal ibration|{factorg:(FCFs) for the nultiple flow
ity pgpAl”t f1 opcept eiarlisiz)g the equation In one aspect of
e nethod, the at |east one additional flow conduit -
has zigrend ia@p'ect lofi tien pietiend, dbp at teast ohbedditdnad flowrmnauit has
| east one additional flow conduit is conducting at
758d0V6ne additional flow stream In yet another
aspecltn HothBeadFddied tl?é ARthdd, $he Bt RIMsEbheMdRIhal Rewaonduit
east one additional flow streamoriginate froma
nscummluchmg)at leashogetadditionhkilowsffeem.of t he net hod, the

o YL LR BB HETPId G0UE  ason

addmbﬁénfﬁ;w‘a@ﬁ@m dr@m@te ffmmaectorﬁm@hh@putaspect of the
hod, the at least one additional flow conduit
cohdy&it@oélﬂen aspact @ﬁ‘é\eaméthqdomﬁ finst BRWsttresimor 'S&lat‘?%from a
. .ind .l t
st RE e ek B Gl R iAol gt oono
inp ukl ow characteristic of the at | east one addi ti onal

L et Ak BFRECAduiG BRKIOY T st FaRLPNS SCALRE! T conduit

con¥ﬁ§ %E‘ U bnasRRfioral flé\n%tr'é%hh%t lé PRepeh8sm i the first flow

er conpri ses using
stream and the method further comprises determining at least one additional flow

= 55

characteristic of the at least one additional flow stream from the first vibrational
response and the at least one additional vibrational response.

In yet another aspect of the method, the determining further comprises using
the first vibrational response and the at least one additional vibrational response in
equations 71, = FCF, (At,, — Atz,,)x (1= Tc, xTm,) + FCF,, (Aty, — Atz ) x (1-Tc, x T, )
and 7i, = FCFy, (Aty, — Atz,, )% (1— Tc, x Tm,) + FCF, (Aty, — Atz ) x (1= Te, x T, ) in
order to determine a first mass flow rate (s, ) of the first flow stream and a second
mass flow rate (71, ) of the second flow stream.

In yet another aspect of the method, the determining further comprises using

the first vibrational response and the at least one additional vibrational response in
6
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the first vibrational response and the at |east one
addi tional vibrational response in equations nx = FCF
WO0AD0SY2411At zN ) | -Tc x x Tnk) + FCF [At n - APZKZIS008/033024
( L- Tc2 TnR) and ih = FCF22 (At 22 - AtZ22 ) x (1 -
Th2 x TnmR) + FCF2 x (At 2 x - Atz2 X) x (1 - clx Tnx)
equationeniles FOF, A&t ert Ne (- T, sl FesdeCH, | (@w, + atA ) & (ix) Taqfx Tn,)
the first flow streamand a second mass flow rate (nR)
and wf =t REFs &snprd)it))ovl stTeealn, ) A FYéE, (Ahotdvery) xdspdet>x Bfy) in
the nmethod, the determ ning further conprises usin
ordet igedgtersinea firshmansdiow eaipdis ¢ OhHE Tinbiiay stieas aaqi,% second

addi ti onal vibyational .response inequations nk=FCF
mass {lolyate (i AQf the gecond IQwRKeAM. FoF12 (At2 - AtZ2) x

- 2 W = - . - .
el Shofhel Spfeq i tag sisthh thel Asthon e cdpphoes geroing
out tigeeharibledlon Edridiit flavs sndtbofr madadibtation) proketdezdroingtout one or
flow stream and a second nass_flow r

na | ) 1 {‘mZ) of tI?e
MOreskEdiei CeIMBaiess MeeRMMURIGASIONAWEL m_@rmaﬁssiec ogreopdut flow meter,
mea&ﬁfrﬁog 'firéthfﬁ)vJ'fFﬁ&?%w fﬂgf?@?ﬂoﬁ%ﬂﬂbﬁﬁ tHERRItHIe A8y ddMRiuit flow
nu p urt fl

e flow con ow neter for a calibration
meteprusirgsthe maltipienfiovw wonduit flow metes anelf wairg e ore or s1ara

cerbOUIRLER LS ULR L0e UL S LAY SRy B et one
addift&ﬂgﬂ Yol &nduroftHE hhilisieflowcseddtiidw hhater TBhertheshubple flow

ne multiple flow conduit flow neter and using the one,
condiit flony eater erkHsiegribe ens orfearsuiEiergnae Melgss, apdedetermining

ddi ti [ f. i 1i.0F
o G 85 S0 Bitoh AR G Y g0 pOf AT moter
using'8i firgt fide nedsur@nent devagandeast onecadditiires! flandmessmgment.
the one or nore reference net gr Sd? and. determ ni n

t .
or Innisit @Oty asperhpiEiNPReRe: teERLYNg §pMpRiges detemining
the ¢! & RbR fio WafBiAh ra R HTEH ol i\ ufipld fiSk don@t flow
neasurenent and an at [east one€ additional ftlow
metaraasng @reequatlon yet anot her aspect of the nethod, the
determ ning conprises determnin (_Bhe‘tvvo or nore flow
Faggl)i brag i-on fagta,s (FCFs) foob the miEF] ple flow

duit £l ow nmeger ugjing theiequati on 4 n| yet another
chg@ o{) t he thod,gglt—%zé ettze% ni golco rises

FCHgtler m#di-ng t&vé -tayo or Onore fPow calli Bralion factors

rcEEQFs) fgr the gul tiple f1 oxy2condui t rEFOW m FCF FCFI N
APX - Zx@mster usi ng the 'equétion \nN . FCFN FCFN , N

t N yetarddthér spRcaspeet methdd)endratheshinibdeofripriss fdeteymining

stream and the at |east one ) .
the two or more flow calibration factors (FCFs) for the multiple flow conduit flow

m, || FCF,, - FCF, || At, -z,
meter using the equation : : :
my || FCFy, + FCFyy {|Aty — 2y

In one aspect of the method, the first flow stream and the at least one
additional flow stream originate from a common input. |

In another aspect of the method, the first flow stream originates from a first
input and the at least one additional flow stream originates from a second input.

In yet another aspect of the method, the determining further comprises using
the first vibrational response and the at least one additional vibrational response in
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additional flow streamoriginate froma common i nput.
I n anot her aspect of the nethod, the first flow stream
wonrbginaties froma first input and the at | easPCOMS82006/033024

additional flow streamoriginates froma second input.

In yet another aspect of the nethod, the determ ning
equafions gr= EOWR(AGesAlag) n{ -t Fig xfTinr, 3+ AORYy(At | enad,, b pdase Tm,)

and the at |east one additional vibrational response
and ’?1ﬂ§Mﬁz os, ﬂﬁtZa)FﬁiiIcz(Nixz)%FﬁFm(%lx— éfzzr) Xdll_de}m@”& mn

FCEp ,(Atn - AtZn 1 - Tc2 x nR) and n2 = FCF22 (D
orderg detéigeya fisf mass Hohi sate () of Petpolqubteamgiipajsegond

(&= X ) (.0 order to determne a first nass fl ow
massrtqvg??teﬂ%é#tlg%geqqr}dsrﬁowlsgﬁag}.ream and a second nass

fl : : ;

oy RLEhGINGE et ifte RERRSY the R SIRRR e Bomprizgs using
the fisd vilratersal usspansehend thesidt lgastrartd additionalsfioationandspiwese in

@t | east _one additional vibratjonal response in
equageRsih nECh Hcr Az ) aflx Lo i) + & (R (Mt dlzp ikl g x T,

on0 SESCENEEL BSOS, Ly

s A B9 T 36y BPBR P on
mass! W&l G 8'U¥)thé’f?e§<ﬂgi ﬁncgée%g}gam.ow stream In yet

anot her ‘aspect o the met hod further

cofpet sestheeaepag oftite hritthddl| the Phethbl aurtsenebmpriddsoxéroing
r.for a calibration process, zeroing out one or

t
out theyfrwltinke perRAIchOMSTIHdah oAl eRlpBIPTaRess. ZREVING out one or
moroHSLRLE UM RSO s RS AR i i motr
meadurioyy & birsdi fibtv thraughntbedirstuftaw gomdheit ofdhiei mlkipfd ibwva conduit flow
duit fl USI t.h ref erence
metef iriaghe madlipRicEy aenduben Shristand Cebiserdns ot RPGgh
refer%mrﬂil%t fetdBafiea208nGadidaspBab alibiRinaPiisy 'tﬁrﬁgbnﬁﬁﬁa’g feast one

‘nmultiple flow conduit flow meter using t
additionewWlewrgniduitfof §ve mettiple Saw apsidag flomemeter waingrtreemultiple flow

condlEFBFRERS RS0 B BELE P BRAE: B! Erdl Bhmining

two of et flovf calpraBbe fadisisNg CdFs? iféiSthefrhONipRERSM COABNL fleRtheter
an_at | east one additional flow neasurenent. In yet

usingzf §ts diovarisagresientiendnan Ablgastiene pAflioAg! kumpreasssement.
: T : P . .
( %&géyﬁﬂbfﬂgrhgﬁe&t@ itlgz% reﬂErfirl@d, dé?é‘f’rﬁﬁidgf#%r&})ﬁg?sg gg%s%i ﬁ\éng the

for the nu | ow condui
two or mecredqfleat calibratioly édctensqFiddts) dsmpaetmoltiptehovrebhduit flow meter

determining the two or nore FCFs conprises determ ning

the two or (BEE, FOFavUskngathezequatoon o | °(REF,
: , FCF, v 1 0
using the equation ni_ 0 70 Aty -z, At -z,
FCF, At} =z, At -z, 0 0 0
FCF, 0 0  A?-z, A2-z,| |REF,

In yet another aspect of the method, determining the two or more FCFs
comprises determining the two or more FCFs using the equation

my || FCF,, .- FCF,, || At, —z,

ry || FCFy, - FCF,, ||At, -z,
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7??, FCF, FCF,]N At1- zx , FCFL ,P FCFNN , AtN - zNIn

one aspect of the calibration nethod, the determ ning
woanpriesks deternmining the two or nore fl ow cabPCbrarioem33oz4

factors (FCFs) for the multiple flow conduit flow

nmeter using the equation Z1 z 2 I n one aspect of the

caniopeaaspest aktheoehlibrafiondeethod, Hiegetesmpring eomprises

N TR e

condanfidwi inetdrawingetey equsdtion t he equation \m FCFM FCEN
N AtN - zN Description of the Drawings FIG 1

FCFl1u et es QIILQ\ZN met@er conpy i s1'HYy REFNow net er
FCPS$e Iy and neter elgactroip_s:." I §is_a di agr am of
azbullti gl e f1 oW cond¥i T2 met er according to an
FCBpbodidmentz, ofAt he,i nvention. FIG) 31 i8 g flowhart of

surgenent thod tor a ultiple conduit flow
Fcﬁzé e ac(gordi ng%:to g%‘ eﬁbo&%ﬁf of I% }22 i nvention.

Fl ' f | ;
acléigrn%i ng }e'?;ogtn@;én%ilgg% trﬁ?gn'tn%o @%P%ﬁ@ﬁ%ﬁfp&%&
deterphioing thedwoadrghore fidwe calibriaiiph dadtbsnFrg) ot thHd mwltipse Bow
according to an enbodi nent of_the invention.. FIG 6

shows a multiple flow congti{| FE8w net ef Cooc or & nd t)o

condaf flerbeisrain@thd Beuatlorent:i on. :FI G".7 shows|ia

mul tiple flow conduit fl ow, accor di t ?n'
enbodi ment of the inventi dfy Mg ‘ShoWws” & mun'v i pgiv

according to an dbuiet o B MAR on. Fla o
shrs 1allnatrdtep leefidw evetsosspiisihy @fidw®hester Bs@embly and meter

eloctronies, o O S€t-UP

FIG. 2 is a diagram of a multiple flow conduit flow meter according to an
embodiment of the invention.

FIG. 3 is a flowchart of a measurement method for a multiple flow conduit
flow meter according to an embodiment of the invention.

FIG. 4 shows a multiple flow conduit flow meter according to an embodiment
of the invention.

FIG. 5 shows a straight tube multiple flow conduit flow meter according to an
embodiment of the invention.

FIG. 6 shows a multiple flow conduit flow meter according fo an embodiment
of the invention.

FIG. 7 shows a multiple flow conduit flow meter according to an embodiment
of the invention.

FIG. 8 shows a multiple flow conduit flow meter in a calibration set-up
according to an embodiment of the invention.

FIG. 9 shows a multiple flow conduit flow meter in a calibration set-up
according to'an embodiment of the invention.

FIG. 10 is a flowchart for a multiple flow conduit flow meter calibration
method according to an embodiment of the invention.

9
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according to an enbodi ment of the invention. FIG 10

is a flowhart for a nultiple flow conduit flow neter
woabiseatizon net hod according to an enbodi ment POT/USk®6/033024

invention. FIG 11 shows a calibration setup according

to an enbodi nent of the invention. FIG 12 shows the

Ml Gpll ¢ shbow accalitwatiorf b@bwprmicel‘dlﬁ?@@éﬁlidmmmmﬁht of the
enbodi ment of the invention. Detailed Description of
lnveﬂqgm nvention FIGS. 1-12 and the foll ow ng description

depiG! 13RAGIEItKe PHAMBILIRW SolRACHb E{?&S é{f%drhﬁ% fod e

art how to make and use the best
embadieant efthefovention. pur pose of teachl ng i nventive

i nci pl nt i onal a haye been
B ot F1 ed” or DRaBB B TR B RS vertion "art wir1
appi@8i at1e e et fonowiry @e8cpess d%ﬁﬂf%b@élﬂb @&brﬁéﬁéé to teach

the scope of the invention. Those sk

thOS@r%qL?Amvtmartafmw&ml@ anthuse He besitrees ofithsrinvbetion. For
the P§IpBYe ARl ﬁ{(’ﬁé’/bﬁﬁ% ncYI sgggrg waeﬁtlcgr?%lergsryg%c R been

vari ations O |nve

simplifiedrarioonitted. A <b1bsb|stkllltaeldn lih)e bhevis @@prédl@teeo@amb% from these
the clains and the

|
exa B HRRERIST I e Eord linelpiartion | bipsseribedin the art wil
appICRIERE tisdthBe fodtlir d@écﬁfbeﬁso%%wlcén]t%o | Sbmaetd% varigus ways to

el ectronics 20. Meter el ectronics connecte
fomh@ugkpl%g@@afmn;a q_fdhellmfelnélads A‘Mremltpmnllrd'entieme hot limited to

the i & @E ¢ elo rat py; g zﬁei]; ltagtll\i,’valents.
{B;escrr?)rer G & OW et 2R A
shEU[B d blesﬁmraeﬂéwtrﬁetfehﬁ%nfifffidl dga flod Hé%eraéésegmy 10 and

q resent._1 nvention can usead I n an
me"%@ peirorics ?Qw'\ﬁ%tﬁée %@@aml?&s@ C@mnﬁﬁ’@dnt@nﬁeter@‘ssembly 10 via

IeadQH'O‘O%sproﬂHé Ity S‘lﬂ%é@ 13W (bl O\(‘/’oﬁﬁﬂ?#’\b@r{atq ttota#agqi agss flow,

operating no P on 9 1 Oatd
temparatiyej arexﬂothmﬂnfbhaaﬁdmwaremah Z5. claghaliidegeapparehyto those

skl el e Biedebt TeRlige son be uses Moy, iynaiet Corost flow
meterGdgariie s the‘i'ﬂn"{k?ér c;forrngE X MB@S@ﬁQ&&&ﬁE\%OC%n%ﬁS or the

and fl ow conduits
operptiag mygide @fewbmt@nldﬁ agldition08'shaule loe rewmgnéxbd that teflow meter

5 cofl Mol RAnPRR AY oty R etk ol ds 102 and

1omommetd:easafeﬁ1w<ﬂoum@@@saélptaﬁ HTRgeE 1@ 1SARE§61'1RBmifolds
102 5RA90R, rver 104 Ficleoff sensors 105-105", and flow conduits 103A and
103B. Driver 104 and pick-off sensors 105 and 105' are connected to flow conduits
103A and 103B. |

Flanges 101 and 101" are affixed to manifolds 102 and 102". Manifolds 102

and 102' can be affixed to opposite ends of a spacer 106. Spacer 106 maintains
the spacing between manifolds 102 and 102" to prevent undesired vibrations in flow
conduits 103A and 103B. When flow meter assembly 10 is inserted into a conduit
system (not shown) which carries the material being measured, material enters flow
meter assembly 10 through flange 101, passes through inlet manifold 102 where
the total amount of material is directed to enter flow conduits 103A and 103B, flows

10
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t he spaci ng between manifol ds 102 and 102" to prevent
undesired vibrations in flow conduits 103A and 103B.
wolreos/okkiay meter assenbly 10 is inserted i nto BCTMSW633024
system (not shown) which carries the material being
measured, material enters flow neter assenbly 10
through flougeoridutsgd3r0ang 1p3Bsarsl baglkointhoutdtenanifold fléRUwhere it

. re the tot a nt _of ,erial is directed to
exits WFEF a0 bR iRl haide, TB! 103B, fl owst hrough f1 ow
C@I&M'cbﬁd&%ﬂ‘omdmaoﬁﬁmaﬁé Salebtelddrl apibloptiatErn hcvinted to

ere it exits neter assenbly 10 through flange

inlet m@m'fold H1%and oHtkel man il A Ggh o B b have sybeiantially Hrisame
massa@efr@;%'hgﬁ rggxqémye% ﬁ%rﬁ% drld &5 mofd%% &@(ﬁﬂgﬂéggﬂg Leds

as ' to Have b ant|
W--Whaed Vii-&V Y iebpectively. nohe fibs mnduﬁera)atemd ammiva?dla!s‘tdm the

ﬁ@% es about end| ?x s W-Wand W-W
man! Kc@h Gasgnt Mé’affl‘ %\lv Uits extend outwardly from
t o WRBhHOkES08R afh@ AERLAE ahivenh B?Hﬁbéﬁ‘loi ﬁﬁBbﬁcBélteFthé/&tnons

conduits 103A and 103B are driven” by driver
aboubﬁwsnetspedhmeemdm axeollY andelVi ane spwbiat lseteb@ﬁdltln@ first out of

phasEtEg R R Bouhelor Brbl TBE abaV epirbBhe Bl higeny e

KnowPCARS h $Smente, SlicHas ¥ rﬂ@@heﬂ‘rﬁéuﬂte@lrtbﬁwmmt 163 Andsan
a magnet nounted to flow conduit 103A and an opposi ng

Oppog il CaiinAtigdite flomeserdiiidif3B.1 68mitemnating eymenti ip @assed
throu‘éﬁ{thgc%gaﬁgﬁllnga(ﬁqg ctané\g b2t ewid &?@Z%si'bg agé’.! In §Lﬁta‘5f’éJ§ﬁ\lles

10 oOsScl rrve Signa
signa&inmhppldadobry metter eletteonico@0¢ siadBad Vi1a tbekivel 1041 o

driver 104. Meter el ectronics 20 ece v sor ,
SN SlasONES D TEE s FaTeer Snal@elaars o1 3ed 41 1

resp%{ﬁ%w Mt @&t%@@%?r@dﬁés@dﬁ#@ @@hapan h@r14d Qhich

causes driver 104 to oscillate | ow conduits
caus@98avantio4 tBsscilatediovetenduitn! G3A aod ﬁnOBBesM@@rleéeqtrm 20

right, yel oci sjanals fro I ckr Of enso .
proc s o S AT SR SR BRI p PR BB A orcer
to coRfpME danads fibWikie. APEhare prividds a® it bhatarablipws means that

nmeter electronics 20 to interface with an operator or

allowsi mptesehestraniesc20 Ehinderégea wite anmoReraios & with efhebeleetranic
sysek STERKGERIFEELY, %o BiRtinlob 5 caiabrmel
operéttmcbf agCwlolis lewpnheternd isvabidtendedrtddima the teadhirag obine
of a multiple flow conduit flow neter 200 according to
presehf Ig¥®¥Nrent of the invention. The flow meter 200

| maligeg LqibhFath of hMUIBRRA c8Rduit flow meter 200 according to an
embodiment of the invention. The flow meter 200 includes a first flow conduit 201
and at least one additional flow conduit 202. The two flow conduits 201 and 202
include flanges 212 at the fntake and output ends. It should be understood that the
multiple flow conduit flow meter 200 can include more than two flow conduits.
However, only two are shown and discussed for purposes of clarity. The flow meter
200 can conduct a flow material, including a first flow stream and at least one
additional flow stream that is independent of the first flow stream.

A common driver 220 is located between the first flow conduit 201 and the

second flow conduit 202, wherein both flow conduits 201 and 202 are vibrated by
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and at | east one additional flow conduit 202. The two
flow conduits 201 and 202 include flanges 212 at the
wonv@lesiand out put ends. It shoul d be under st oBdTHIS2106/033024
the nultiple flow conduit flow nmeter 200 can i ncl ude
nore than two fl ow conduits. However, only two are
the c&h®ivEN dﬂdeld?m:uwik@e fth)as nmhllmeilew odndulitafiaw ynetd@h200 Inpludes

morefihpg (wpiTaw %‘chﬁﬁ GrbeEadMists 'AheiaR: figy ne number

of flowt 6cﬁf'i‘ﬁhtghéﬁe ‘to°' féi %m/eloﬂ‘o Vib@td iat fdast hpovisivi @duité
conton I's

rrver ocated between the first fl ow
c drrdufinst flow cmmdutt 2615ecodes Bl pair @fdnaubnpkqftbgenw(gr?éﬁrﬁnd 21%’

positk@)gwfq.ﬂgﬁlo?@%@o j du' B o@ﬁierfa rg? ﬂévgzrﬁﬂ%pﬁg?ﬂ £1 08 @%}’énﬁg‘f sensors
215 éﬂldJWl FRERT b@@QppmédJ d?%n?%@nﬁéraﬁ righed stipigovt etrodtuire {mot

t he nunmber of drivers w be one less than the nunbe
shows¥), whereir dheinickeff sgneot is hetkinig éxed PQSE'PF\}%/H“?&UPPO”

struqu)rg Oq?‘fcfm%éib %srlelagl‘(}@ hORY SR gLUIIBr%’uomﬁ the F?Freéﬂ)%mg flow

cIu es a palir or firrst cko sensor
conleik5 Tavedsetobil flqwosbhdin2or trra:lwttﬂseazpamd@rsabomh pikofflsensors

216 g 238 ORI ke 6 c{;ﬁ{;e‘? SaBies Tok EFORR 2% also
aﬁlxé’debOQ DPQE)E% HlfLﬁ'e gﬁ‘(?‘ el S Rirhstri@uid f@)‘ﬁ‘ﬂﬁé pickoff

03|t|on by the support
senssts B(cﬁ lalnel 2% caedethe sams ar differensttham the swupreort structure

n aof , the corr ondi 1 .
emplgé(@g léqua%pstorﬁgag A 25 Lgo%ﬁcf’ B%(&wsoefgﬁg flow conduits
201 Qh& b@@f trfeemebﬁﬂr%ﬂémﬂaﬂ s8h80rsIDE HhON4E’ fenstateatlow

bration of the second flow conduit 202 and al so

chara@’@mb@l mensareppoior tha fitsé flaweqnasit 2Hoae therprir of second
plckﬁﬁgtg%érgszt‘lwﬁdjﬁ'?6’f%r}e%£‘t% P&l ¥hk r?ﬂ@ﬁ%ém%%éu@?ﬁ’er%]fér the

he sane~or erent than e su
secdﬁUl‘ﬂtﬁNUbﬁd@mDDyed for the p| ckoff sensors 216 and
6' Upon vi bratjon of thefl ndwts

t hsh%ﬂpw rerasiedstioMeesHieTghS J1Im 318 Paf ' Fet kG Pekfisors
215 gﬁaemt nd ﬁfo'nﬁ’ ?éﬁ? BFé&Edrﬁf hickORAEHEGHIENG Ak 21 Baare

rst f ow con 201 and the pair of second [?_l ckof f
receiamalsanc‘spm'saedi bgme mpdeaeelgcwonics 120\ serdriGe fl r iTHeingeter

t h d f '
clocfR AR o LA TN pB PR sl 80y ] W stoamn
and Bh Keihkrsensessond fidw fihsidmeandldtedtn the spedrd Bdw stream.
second pickoff sensors 2 16 and 2 16' are received ?s ?or

The proeassitgicay generate massdloue tate mngéoratensif¥aneasyrempnt
exarHEFe neter el ectronics 20 can generate a first flow
asurenent related to the first flow stream and can

gepabiict flawseemradtetistiovtha asnrenganenneddabyg the pracessing is a
VIscgse]‘?yo\?gucfa lfglweaséhr f(legv(/n stream. [f the two flow conduits are of different flow
areas, for example the multiple flow conduit flow meter 200 can be configured to
measure dynamic viscosity and coating. Other flow characteristics can also be
generated by the processing and are within the scope of the description and claims.

The first flow stream is independent of the second flow stream. As a result,
the first flow stream is not linked to or influenced by the second flow stream, and
vice versa. Consequently, the flow through each flow conduit can be measured

and controlled independently of the flow through the other conduit.

12



10

15

20

25

30

The processing can generate mass flow rate and/or

density neasurenents, for exanple. Another flow
woheosaetei stic that can be generated by the prPOTAS3106/033024

is a viscosity value for each flow stream If the two

flow conduits are of different flow areas, for exanple

t He omgl meO@ImerﬁWheo‘mslhﬂctw Strewnnmreha\m)e dtf&reb’eﬂow rate than

conf i ure asure nd coati
the sgpgg fip 31k Eofi ety e B8YsbW SR A28 dfherise o
first fid¥e W@t@ﬁﬁ%ﬂ%e%&oﬂﬂeﬂow $thedmtdan c&ﬁﬁ;ﬁ’@s@é skbénd flow material.
description and clains. The first flow streamis

The firgtiiowsiream 6an haxe adishdensivianst theasacons fipv siseam, can have
a secf)ciﬁ% i%ﬁsit&condg"égéwﬁ@%bsﬂr&%ow kf?ggr% éé?\ &Smbﬂéé uep&atel and

VI Ce Vve
the s@omdaﬂuwrﬁtte;am che cbhmmsem segindeaeh The\ﬁueisrmdmtte ftawing at

differéit Bigh 1 HETapite i BiaNd SEROONLOBBRAF S b Kanta dged by
the rﬁét@)"’e@cfr@ﬁl@s%‘tot@’rﬁh@t F!dlcﬁ frRfe®BhdbhOMel ﬁ*e‘%‘er?rﬁ@ﬂaﬁé‘%?ctlons for

second flow stream 1In one enbodinent, the fitst fl ow
examfileeam can conprise a f| rst flow nateri al and t he

second fI st rea

ner e B Edty B R SPERsoan £l paRcmifiegubstantally U-
shap@€ R yordiflist Be sﬁ@@mndfxlférﬁa\mﬁély gamAncanbbayrerit sheG@nt FIG. 5

density. For exanple, the first fl ow stream can

and ‘é‘§ﬁ%’$ﬁe§'eb%0\ﬁ/b mﬂ%@pn@w&ﬁ 20t apd 2o @wnﬁfl$%§wb%tantlal'y
TRy 351652 33005 4 bingf 3Rapugban b B8 SLE IR winin e
scopeersive deerrigtioneandelairsed by the met er eI ectronl cs 20

conduc tvvo in endent fu transacti ons
¢ I Esmbatimentofe EauEal fendut B Resdle SaRtk poss 2estional
area %‘%%é%c@ﬁﬁﬂbhﬁ@onﬁﬂﬁl?@%@ér\%ﬂé i d:%gg:afrﬂ W eCAENHG Sross-

as shown. Alternativ in ane shown I n
sectih@,. ardaand di scussed beI ow, the flow conduits 201 and

2 n_conprise antially_strai fl ow ¢

oG an's R 0B AThe S drbrgtet Hledhon kA R ANHE Mk,
condbh&lo%ﬁi@@e@écdo'ﬁ@in@@é%ﬁléiﬁb&ﬂmﬂﬁﬁ ottt iM&enlith.0OMAe method can

enmbodi nent, the first flow conduit 201 has the sane

be ugedlsmeasuretiow thiosghddstithe fisgt donacend. o maasureliow through
just b SEEBALIKE) YonduiE Yy fAMAIE ik LRI EIRRPRRGIIPBAH the
first swved becbridflow cm:lHUltspI e flow condui t flow neter

ﬁ@%ﬁg&%ﬁ é‘ﬁp, the fnrst ow corqgwt and tﬁggeégﬁ/deﬂé\lfvoc%ndun are vibrated by
a common driver 220. The first flow conduit can conduct a first flow stream and the
second flow conduit can conduct a second flow stream. The flow conduits in one
embodiment each have separate sets of pickoff sensors (see FIG. 2). Alternatively,
in another embodiment the flow conduits share a set of pickoff sensors (see FIG.
4).

in step 302, a first vibrational response of the first flow conduit is received. -

The first vibrational response can comprise an electrical signal generated by a set
of pickoff sensors, wherein the electrical signal is related to the first vibrational

response. The first flow material is flowing in the first flow conduit. The first
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be used to neasure flow through just the first flow
conduit, to neasure flow through just the second flow
woansueitizor to neasure flow simultaneously thPougis2006/033024
both the first and second flow conduits. In step 301 ,
the first flow conduit and the second flow conduit are
vibraijpmal aespbnse thecefore aanl inolude 2 xhratitralfrespendd ofa flow material
. C ' onduct a first flow stream and the second
in the I35 o Ryt

tan conduct a second flow stream The

f lh9eteBOBli 4 SetdhdPViBrtivpadidspdhs 2 fhdayeorkeiew abAduit is
sets_of pickoff sensors (see FIG 2). Alternatively,

received.-afbe HecoBayRIRHRM! repROTIEAT BPBRITES a8tRipeirigalsugnajf
' f . ; fLrst

genefuiBiEy; o SESTHAF EonchS, wibrein e"tiRREEsighp( Srglated to the
secone viirgiwhal Tegpdnsest Thve beadricovibtatioespmspensatheefpeicea
. n el.ectrical signal ner at ed. set of, pickoff .
incudRaguNatonRpaPRtne" AMag PPEIE 1 Gteqcad B Eaa i oan
includ®@ Adn-Béw itaabhaNBLpsREN L8N iddI8dé aribrakibA% response of the

material is flowng in the first flow conduit. The
emptiyisesond Howt ¢antilit. r esponse therefore can include a

R R AL B O B 6L Ry SBbff deidhmines.
shoulces® angerstdod treat secenttah lodw firofibw thamctéafdic\wreh. belbgtermined
econd_vi brational response can conprise an el ectrical

in thigis&w T fiest dpucchyragtesistic & deferrired fsandbe drstangrigpmt least
one SIS Udrpidhal TbdBsdsh FIE BisE ot LiaheciSRER an comprise o

masd fiew edier @:,0 @ tha fitah dlewamatdriahtih aaialitione sipodsesitf, viscbbibyy etc.,
material in the second flow conduit, can include a
of thexrst flovwnatasichchomel detespivrddronnithe drstiandithe@t ieast one

vibrational ,re nse of the enpty second flow conduit.
add'tfor?%?@)ﬁgwﬂ .r%gé)q?}sg?. flow characteristic of the first

f llawtéss BeBMA s8coled BOWI dheehctétistiheithe di¢eamn deesddaitbnal flow

that nore than one first flow characteristic can be

streaga {sedeteriaimeda !t sheulddsgundristopr teat mosthaneereflavi stic

charé%gﬁ?t?cgﬁg}tﬁ%?gerag%ﬁg%dﬁiti‘bﬁtal W s{rgﬁgwaé?rﬁ E?%ﬁt%ﬁv‘ﬁned in this

rat1tonal responses.
step caeascond sibincclearacieoistic isséstarmings! fforavhe fits gna at)least one
dhe first flow material. In addjtion, the density, .
addifgrgt Y onal fesBonises, rdier s hareitericdan dpanrise a
e f i - Y Vieene]
s 4B 10 SBEchi ol A3l ks ngensty. oty
etc., D€ ENgeddreMWI B aietiglr dst be& deferiniadtrohethstfiireingnd the at least

one géjc%{iéri\ﬁrz/?gra{igr?g\l/ responses.

Although the flow through each flow conduit is independent, the
measurement of mass flow in one flow conduit is not independent of the flow
through the other conduit. A flow through one conduit induces a phase in the other
conduit. Because of this linkage, a new mass flow equation is used in the multiple
flow conduit flow meter 200 according to the invention. The new dual flow conduit
equations are based on the time delay experienced by both flow conduits 201 and
202 (i.e., Aty and Aty).

In a traditional dual tube Coriolis flow meter, a phase is measured between
two flow conduits and a phase difference is calculated between inlet side pickoffs
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streamis determned. It should be understood that

nmore than one flow characteristic for the at | east one
waddadistoeonal fl ow stream can be determ ned i n t RCE/USE@®pP/033024

The second flow characteristic is determined fromthe

first and at |east one additional vibrational
and quilsh sislsarickaffeeoftbe anater Erwla:pm@a:dné‘ermqeos @anelfbm’bintsa

snlg g PR RS A DA BT B s o

rate fil ,dor eﬁémplleallbyp@mphg/ur#twaqm@nfromthe first and the
at least one additional vibrational responses.

Al Froligh <A~ ¥ w(t-hfoufh each flow conduit -is M
i ndependent, the neasurement of nmass flow in one flow
conduis eqrgtipra ﬁ'ﬁ&@)@ﬁ@éHfGrﬁ‘Pntthélmq* gflay{AbLean bagised to

mea%&%i‘é’“fﬁ”?%&*ﬂ&i%ryf%%%%?ﬁ%@ﬁ%ﬁéé%‘?%ﬁ@%%ﬁii - Ihe
time delayredgerd (&iw) eguatises ai calibsatbni facton ¢hanvis demrmuhde@bwnder no-

co\rbd ui t fI ow neter 200 according to the invention. The
flow conduit equations are based on the tine

dermye@fpm ﬁBG:‘ﬁQnQVmE@é Ao |‘é‘ﬂé 6@@@%4 8 r?eﬁlad@ada%)f%r a

e., t1 and 2) In a traditional dual tub
multlpj@rfiqw p@ndwlbﬂ@m@er ahphiageon is theb@dhecdtwéflmmmdwﬁs of the

inverioR R idu BB Gem RBRFs BLRGRUEI Bo Qi Tb R fle cyer
wher thera®s fow infbhly drfeesthei thbeloeneend itsC ARvBE &@dltidﬁi&l@ﬂ@w meter
single tinme del ay and is used to deternmne a f

becaaﬁ%@rﬁom@eaﬁloa@sp%saegs%r@ughmtat flowrpongyitse fhanndaped wase is
identREPPYAGECIRIE WAk BB, rﬂwe'l:r%: dd¥haseides hota Efea’ﬁ-g)s a
. 1 n (ﬁ‘

I's equation, € measur enen
phasdalifgrebe bebmemﬁwammjcd)mxiumw 8 ridt@avacibven t:ahnalamlga@

resul{ Dﬁ%e}@z@ UStgj ‘%YQ %@tl JAS ag%@na&]ggqor' ,ag{z noq{derto

deterfn%ﬁb%fﬂd\di'?éte iR a%d?f@héﬂ%mﬂﬁ%%r nof | ow condi ti ons.
However, this traditional nass flow rate equation is

ndo cadb"qamrethednvanmn thedlirst andwecordifiow stleawsreteer .

e ok A8 BB, Bl B SN et B

betw@@ﬁdwe tvso fidWicdnidsits r Teesfore, Wheass feherats efliaion based ¥n a
he two fl ow condwts In the traditional flow

Smg'ﬁé‘f‘%ﬁ delgg@gnggt be esmieYPd-| ow passes thr ough both flow
|
con nt\ the Wﬁlﬂlgggﬁe&rﬁﬂ vléﬁncéé%reﬂ%% g@ g‘ﬁ%g? in both flow

condanpéén ami 202, even though flow may only eXISt in one of the flow conduits.
The two induced phases may differ. As a result, two time delay measurements are
required from each flow conduit in order to measure flow. The flow measurement
can be for one or two flows. One illustration of this measurement scheme can be
illustrated with the following equations:

m, = FCF, (At,, — Az, )x (1 =Te, xTm,) + FCF,, (At,, — Atz ) x (1=Te, x Tm,)  (2)

1, = FCF,,(At,, — Atz ) x (1= Tc, x T, ) + FCF, (At — Atz, ) x (1=Tce, xTm,) (3)
where the subscript 1 refers to the first flow tube and the subscript 2 refers to the
second flow tube. The second term in equations (2) and (3) (i.e., for the “2” of the

FCF42 term, for example) is required due to the fact that flow through one flow tube
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phase di fference between the two conduits and is not a
factor in calculating a result. Therefore, a single
woizoms/odellay can be used in the prior art in or#er/usSen06/033024
determine a flowrate in a traditional flow neter. In
_ contrast, in the invention the first and second fl ow
inducssreghgsairethermbpreivdentE quatioas {3heed (Bnesn bebase in the meter

clectid i 2 et gl by BoWRaic b it B FE Rl g e 1o 202
b%é?‘@lr%‘ﬂte@ ot ﬂﬁ]'eedéléﬁalgl%lsf&f tr Rt ( @[@I)et‘ﬁél QRAscrigt W

inthe multiple flow conduit flow nmetér’ 200 I'nduces

denotﬂfmblchrﬂdwbdmddl’ow wpdduiitg la@1 1amelv 20Beingweindub@dghrough
~flow may only exist in one of the flow conduits. The

the seo@nd ﬂ@wmdpﬁQﬁasthmytheltfm@ﬂelaqsvaéue wdlibe of theoformntz;, ).
h f| dui t

The $UpsarnbE Gafarem e oW Fetdu et & VibreRa iaharse Ehrhe

receI{/Q(ﬁ fr‘aﬂ? ‘?ﬁ?rte‘f@re P%V\@amggit" ]L :.% eé@é?afhéﬁied for the

rement schéne can
secoﬁ@‘ﬂb%diﬁjuﬁ%?él‘eﬁf‘ﬁle fBw {5 t’ﬁﬁﬁjgl{ e fitst fIdE Rohdiit.( Attéenatively,
+ FCF (Atn - AtZ12 ) Tc 2 XIn2) (2) 2 =
the v§h)lé2(2\tf Nis 22 timAdgRy meaSL(rIed foﬁ' i firsTi®y con&@EXhergiAtthe flow
1 - AtZ2 1) x (1 - Tcl x Tm) (3) where the
is thr@ugt&, gre pecand dow conduit 2A8. A pupersCiing afueeo drtotasea no-flow

cond{igRninreindas Tolie (c) SRE0RER {eaeisy bPssisa e i fst flow
cond 07Tyt 86l A ORI R b 0 ool B
undetlaezemdblmemot-ﬂdvecotﬁdwaml ons (2) and (3) can be used in
th t | 20 f d fl
 RIQUEYST, BSVTSIT A v BnsD) BHA (b2 PyLseRdRt e
deter?r%ln"g' B R Warselaibcef Ehhﬁtlér% (Q)(éﬁgi dotrfef take advantage

superscri pt A denotes which flow con i's conducti ng
of anyIsymmetryf Cow m@smia figrne oﬁaymnmjryc lhnrmdgmtlmlse:i@@y;oﬁdhe time

flow ui t , then the tine delay value will be of
delawﬁsy{\aﬁﬁ&tc l'_?] ) The subscript B denotes the fl ow

cog\lzdL&;Atthat a vi brati onal response is being receiveds)
froth Therefore, the value (D) is the tinme del ay
measused, for the second flow conduit wherein the flowb)
IS through the first flow conduit. Alternatively, the
vahge= @it ,z ) is the time delay measured for the fir@p)
fl ow conduit wherein the flowis through the second

f | Ay %@rﬁgjwt 202. A superscript of zero denotes a (4d)

no-fJ. ndi t wherein the value ( Lt,0 ) denotes
then gapp é% n@gg’GP%@ef or the first flow conduit 201

ygﬂgwﬁg@f |58 1 0% oMY FER VUL ALY RY- B Tm,) (5)

1, = FCF,, (At, — Atz,)x (1-Tc, x Tm,) + FCF,, (At, — Atz )x (1= Tc, x Tm,) (6)

The T terms represent temperature measurements. The Tcq term is the
temperature of the first flow conduit and the Tm, term is the temperature of the first
flow fluid. Likewise, the Tc, term is the temperature of the second flow conduit and
the Tmy term is the temperature of the second flow fluid. The (Atz4) value is the
zero flow calibration value for the first flow conduit and the (Atz,) value is the zero
flow calibration value for the second flow conduit. The flow calibration factors
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under a zero or no-flow condition. However, a sinpler
formof equations (2) and (3) can be used for
wdebwrozdinezng the fl ow characteristics. Equati oR6T(UR2006/033024
and (3) do not take advantage of any symetry. One
possible formof symmetry is in the tine delay. If the
FCF i neF deFAF 21 sary by kg, calibgatjon ¢oefficianist that aeg detetrnined by

e

X A'Eimtldnaﬂzlz% il bbht%atlohif&ﬁ&)rs)@dlﬂd als’b&'s }nzdtﬁé L/t[ rv\ﬂ'nis
CaseL@wathasdﬁ) ang (6)<wwfd e ftgsherﬁénmlfte@k %thee%fcémghe flow
T. he.

calibieFBRTREIONE alfie USRI ol Sind Blrigd /B, FCFRE~ FCFap. The
symmetry béthecameatatnsreowt imfhen‘certlae cfahbmtnbhmrdceds kevvl se,
gﬁ}ff‘uczltﬁrmiStEEte ture, of the secop ol

bty TPRASUFREWP LR Wﬁ%@éﬁﬁ%?éﬁ%’?‘@ %ft F%‘hsé' e to

meaﬁﬁé%‘b@uﬂdr@!"p%dﬁs@ vaTESle@EE%/DhH ﬁ(ﬁ' tHE thv® rh8&s ﬁ@WQaﬂ‘e‘sOVFor
cali bration value for the rst flow conduit and the

msta(wcn,zlfzyha/wm%ow@omdelt&era)offculﬁwecmlcrctﬁSawail@nabﬁI@re afeas, the ratio

of the% gvg? ﬁS@on fclj*,é)n pé&gl%%& pdé@a{mo %%léég%\%t ifger} potential
appliedliorowaticobe efedasurithentt dfdoating otetherintened sbifatdOuf the
tests and subsequent]y are used In flow characteristic

flow @@mdtbt@at?pmﬂomwmi%ﬁaﬁv% wilhiadpee@ndabarnaedgnass in the
r
systegf LA Hfarictndls TUITES Blfactadlp itMoboRaF o of qppplitudes
of thé heo resultingdowtdundlit bretibnddraspamsdsaciise ameyjusidwo
a X|ma ely s trical, .e., FCEi 2 ~ FCF2 1. The
xargy Riel P abaHaR LRRRHIP S G dhpief Fieeatufes tio
mde‘g@f{de@ﬁgb{,\pﬁrég@gess The ability to measure two nmass
| ow rates may al so make it possible to nmeasure

adﬁhet talitptipn poesssiuvafarabpie depivgte flawCarigdistmgterass

roorasetind Bdneih sLOSREE Syble. 11 IRl pREMPIAD 67 °

detef-rﬁmeﬂ\mdfdr o¥rd AdWondnions i eleirediple fldwnsondeit flow meter 200
Vi scosi t Anot her potential application would be the
and Wa%@?é’ﬁﬁ%ﬂ isgietegained gvithe tef &t arengledlog(idtaces of the

fIIPﬁ’%@gEgér#gézﬁorﬁ:éy‘lﬁaﬁbﬁ%’éﬁom {3) () BV that B Rar
strategy (measure (Atz) at zero and test at one flow rate per tube) would not work
for a multiple flow conduit flow meter.

FIG. 4 shows a multiple flow conduit flow meter 200 according to an
embodiment of the invention. Components in common with other figures share
reference numbers. In this embodiment, only one pair of pickoff sensors 215 and
215" are positioned between the first and second flow conduits 201 and 202. The
pickoff sensor pair 215 and 215’ measure vibrations in both flow conduits and each
pickoff sensor 215 and 215’ provides a signal related to the time delay between the
two flow conduits.

FIG. 5 shows a straight tube multiple flow conduit flow meter 200 according
to an embodiment of the invention. In this embodiment, the flow conduits 201 and

202 are substantially straight. It should be understood that the flow meter 200 of
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system and this unbal anced nass may be detectabl e
through a ratio of anplitudes of the two resulting
woéhaws/eoneui t vi brati onal responses. These ar eP{UAIS2000/033024
exanpl es of what may be feasible with a flow neter
that nmeasures two i ndependent flow streans. The
this eabodinant @anpmdadd twe sets ofapipkofts, aarin HGNg| er €ainclude one
riolis rret represented by equation (1 is quite
setog?)%p S, qen@ Grét-del ay at zero (Dtz) |s(de%erm' ﬂed

d?/vé‘ 5%!%?%%6\/!/ eﬁﬁdl.tu’ﬂﬂé\n Pnéval QDO'a%cBPdPN‘g to an

con UIt | ow nete he FCF val ue is determ ned
embediitterd of gt inxentiosi tythis embrdinaeet, the flewmeler 288ANsludes a

com R g0ieD ik & Bt e 205 "t Pewd e o R pifjplec to
bothtdé Ergéibwt sdrRuiveod enaad thsdednalrflaw cohduipke2f howhis
conduit flow nmeter. FIG 4 shows a nultiple flow

embedinaNtt eashblipweoadul dasacpdF 8 ALdAian ristisbiarenRsers 615 an
215 aﬁ% B éér%rs%%be@&@ L8 pRABIY s *cUsQécheDoWn%Hégﬁw

ar'e r erence nunbers |nent only one
deviged (nodshpwokobh psewderflsmﬂegﬁlalnd a flosy ccmteolp03| ti oned

ool The e pannitiglnton SEaRMH bod R Slh'Suedng 86 an
emb‘é!jﬁ)r'iéﬂt'o@rﬂﬁem/elﬁ%ﬁ fT'h‘Pé/\e%BEiHhérﬂ idgddeaeie powkRfifier 203, as in

sensor 2 15 and 2 15 provides a signal related to t he
FIG.t6.ndodevas anét aee pairtas mw@fffsamoeaaa%@aﬂg 219 ere mcikiggsin this

erBebhi S pip o HhS RhBeBRo AP b bkl R i e
simetzhedugebratiddeof H)dinWdcmdLﬁtsm angi2092 are
substantially straig It should be understo

t hElG.| ehows @rmgtbw@l%ﬂ@w.cgne%ﬂavvrmﬁter@&@ Infce %éafﬂ%sef-up
260 %ﬁ&grdﬂi%@férkgﬁb%dlrﬁépga‘f tﬁ?ﬁ\’%m@r |ﬁgﬁ‘mlﬁs"é§ﬁﬂ)é’cﬁﬁ1&? 8v§&e the

multfdl@ﬂbwcummaﬂuit flowometert 200 ﬁ@@sapami@iwstmdasem@d@uf@’ﬁ first
of the i nvent| on ow et .er

h'
and SgE0T E RHRLA e MES T 3o f HEPKiefhIgE e S BTAfon
prode'sg' e’?l"e r%%?en&@?nétb%’@@” ¥hd202208 floSv Sedrselat Sreldd to

first flow conduit 201 and to the second fl ow
accwetedm meazuze ﬂow aomditiansbudierainithe mater endsy teshiguwalibriad

.a pair of ff d
using; Beafyr8inehle PElBEr 1R Bkt ER el Rl ot 2923 00y
DOWﬁétﬁfrgc&@’feﬂ‘QMC@ BfeténR01 sivamesthe firsoiiow Gtﬁelammowmg through

regul ation or flow control.
the first flow conduit 201 and generates a (72, ) measurement value. The second

reference meter 292 measures the second flow stream flowing through the second

flow conduit 202 and generates a (71,) measurement value. Therefore, the flow

through each flow conduit and associated reference meter is separate from and
independent of the flow through the other flow conduit. In addition, other flow
measurements can be obtained.

The obtained measurements can be used for calibrating the multiple flow
conduit flow meter 200 according to the various embodiments. Possible calibration
operations are discussed below, such as in conjunction with FIG. 10. However,
other calibration techniques are contemplated and are within the scope of the

description and claims.
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FIG 7 shows a multiple flow conduit flow neter 200

according to an enbodi nent of the invention. This
wentsdemant i ncl udes the flow divider 203, as PaTSEA06/033024

6. However, only one pair of pickoff sensors 2 15 and

2 15" are included in this enbodinment. As in FIG 4,

t HFdGpBchoifs 3 emdiiple flaw caiduitiiav Pnetst 20@ isacafbration set-up

si mul,.t aneous_vj br.ations,of . both fl conduli 201 and
260 SR BdS 3 e BRERIER T £ naBhiey BORPmtehIneierdRte e
flow Afdfer Z0Rh&a ki@ iflBt, 388 fit? aAEGeaeA8 refcfendPmiers 291 and

enbodi nent of the invention. In this enbodi nrent, where

292 amecannectast to thesaseeaitei autietvof thetfisst awbsaeandBpucanduits:
201 44 865 #Sy A7BALAY e At Rhsocbhl WP RBROAH and 202 can be

erence are enployed for '
controdéd biyalovotstieaoc eslyes thetheafdvivese nobsiesen PBbt anslin292

are flow neters that are used to accurately neasur
Commuawab%w itg%‘,"’o\/%g'ﬁé‘?-nAﬁisﬁ’@?%t e Ateforanse meter 291

mea?ﬁr 5 PhatiRd fHW dtebdRHBW bgi? HeHiRe ol @RdU01 and

erence neters 291 and 292. " The first reference
genenatiesra 281 measwesent valud. rElie sécmdbtafer@mce Inoseng92 measures
throu%h the first flow conduit 201 and generates a

the seghng TlawsfiaesmipwingainieuotTHie seeansldiavecendwt 0Aw@ngrgenerates

o 02T R SHEAR e GRTLD BLBLATL M R

refer?ﬁ@é WRIR53 Yt YReasltEs %ftegaer m a&1dvh et Péﬁ&iggfﬁt%f‘the

ow conduit and assocl ate eference neter~i
multipkpfioatcentluib foandeien@&fendent of the fl ow t hrough the

e G G i SR 0 i i ¥7e a8SRchdEw meter caiioration
metHHRBEHRMRA &S aﬁf’éh@@diﬁ%?ﬂ of &ie FRbhIGAL Anshdidiequatidn fre

_flow conduit flow neter 200 according to the various
calibegtisou¢arepiises: Possi bl e cal i bration operations are

di scuss | ow,, such as iyn conjunction with FIG 10.
However | gw6$:‘Ifuer)(*\*I(C,Vﬂéﬁzi AatT B t echni gues are contenpl atg;q
antkay e | War)i nFCRg |3eppez,df the description and

clainms. FIG 9 shows a nmultiple flow conduit flow neter
200 step 4004/ fhermatltiple Sew-copdaib@oacueteti2®§ (.e.,dne device under

tost, SRE WREE R o) Bz REEBLL gl BohRReeRTRlts 2FERo 202
of th?ﬁl%ﬁﬁ\e’ié?fﬁf(ﬁé‘r%efi%%t\ﬁﬁﬁ ﬂa&lmatré@ia?,%&haugh FRITRRE Iseserhiitted

e respective outlets of the first and second.fl ow \
througinithei flasy nedar 20@1 Zbe flow canduiisadghancth202 iare vibsakgd under the

second.f | ow condui
no-IRGRREI s ERIES: bog il rBReabTts e SRBITGSRH as the
A’ 8R& A:Dtime delay values for the first and second flow conduits, for example.
For step 1001, where the flow is zero (masé flow rate m = 0) and a zeroing

operation is being performed, equation (7) becomes:

0| [FCF, FCE,||Af -z _lal Af? 8)
of |FCF, FCF,||AL -z, z,] A
In step 1002, the reference meters 291 and 292 are zeroed out under zero

flow conditions, as described immediately above. It should be understood that this
step can be performed before or after step 1001.
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comruni cation with the two outlets. As before, the

first reference neter 291 neasures the first fl ow
weoetowandfikow ng t hrough the first flow conduit PROAUS206/033024

generates a (m ) neasurenent value. The second

reference meter 292 neasures the second fl ow stream

f1 dwistep 1003 digh istgereeateddrly twoogh the firs2 @3wadtshduit 201.

DurBSAE LT (b B ol Baaler 210 andithadie Pierapem bt measure
first 2189/ ¢HepraclEriages. eEoﬂeiéﬂwQFe ff?esﬁ \}‘\lané‘YeF 3b8 c%g)d'e@@ogg time delay

into the nultiple flow onduit Iowme ter

(At;) foratheifiseicitow £ond@d20 bmith thslflowpbeing torueBridyifirstiflowconduit
neter calibration nethod according to an enbodi nent of

201¢ Hée meetehZOmmuoeseq tiate delal/ gz Cabr teagéshd flow conduit
In step 1001 , the nmultiple

202 ﬂuaslwggﬁﬁilgw thyousih ‘Sﬁ?tf)éﬁt 290y cpndwt 201 theit seheire thenedeno flow
d,.ou this st

thro&@ﬁtthe §§§vor?oﬁﬁlctggaggf%anéﬁfég t ?‘ ﬁris B#F%F@rmﬁ% 291

meaauéesf thlel redssflow rateof hm&tfﬁﬂw tirough tmﬂ@h flow ddrelitiZ®1 (i.e., it

oI B V) 597 sl Th . atiaso e Gamsralochinie first fow

condin2d i tABn &R aBHg (Pf beBrie §:l ow characteristics are
determ ned, such as the At and Atl imq delay val ues

fo nt, fF@E,t zF(EF oohd zf uits, for exanple.
Fo ms ,the g/ quzero (mass flow rat(®)
af‘ 281 0|2 fﬂoef bei ng perf or ned,

e e, referenc .

ngt*ﬁ%t?%“é‘f@ f'ﬁ%%ﬁ?é@%?%@@g%fﬁ?@aﬁé%»d §QwFandi 202, During
the fglynobcgh dhe ng’splﬁélswd:dm;tulﬁ ﬂmmaeﬁiz@o @hfé\tﬁe sg&%ﬁc%"%fbﬁbnce

er st ood t ha can be perforne ef ore

met%?@masgf%ﬁe%wﬁﬂow ﬁﬁé'faéggrm@@ Fﬂrgmﬁwl@éh@ flgwemeter 200

mecd I8l 085 BB n 2y PR 08 g

througt Be 28brdERsy E6nduit sb2f 'Tﬂ\@’ﬂbk)\ﬁ‘ﬁ%@é CP(?H{e%%uré:? % time delay

exanple, the flow neter 200 can recor

(Af} ) mr]thg fifshflomheoriduits20 T Horing trdtfiow tmbgwm@ steb@nd |fI@W conduit
bej n% through the first flow conduit . The fl ow
202 et w e@@%@sm dawghrqueh thelfist flaw ponduit 26¢. sreaddition, the

hr ough
seoch O GRRE oG To AL R LB UL oL B2 i o e
secomlde‘lowecomﬁuf PoRv(icanit geheRA@s tHRERYiVRILRY)., FoRetdg 1664, where
flow Is 5eneraged in the seccg)nd flow conduit 202, then equation (7) becomes:

iy | | FCF, FCF, |[A] -z, 0 |

{mz} - [FCFN FCFZZHAtf - z?} B {REFZ} (19)

It should be noted that the REF and REF, values can be generated by two
different reference meters (see FIG. 9). Alternatively, the REF4 and REF, values
can be generated at different times by a single reference meter (see FIG. 11).

In step 1005, the various flow characteristic measurements obtained above
are inserted into a (4 X 4) matrix (see equation (13) below). A matrix inversion is

solved in order to generate the flow calibration factors FCF44, FCF12, FCFa4, and

FCF22. These flow calibration factors are used for subsequent flow characteristic
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nmeasures the mass flow rate of the flow through the
first flow conduit 201 (Ae., it generates the REFi
woabus@ps11Bor step 1003, where flow i s generat edCrmustde/033024
first flow conduit 201 , then equation (7) becones: In
step 1004, flowis ?enerat ed through the second flow
compiiaiirns, indedinpumarmg! eperatipaal, dejetrninatiensnof masisdlow mate,
densgggﬁé@&sit Igw_ meter 200 and the second reference neter
neasul € second fl ow characteristics. For exanple,
t Mithelré ame meived eB08tiorensny éinknbivive, ddealyndwn (fef michgured)
second flow conduit 202 with the flow being through
quantifies gecBRE 1f RBl2c8Aduitt, 2G2. ArThért | awl et eft shoald be recalled
, measures a tine delay (Atl ) for the first flow
that, 885% #5980 §6Pi ng the flow through the second flow
condupfo 202 but where there is no flow through the

fi'fst flow conduit 201 . In addition, the second (11a)
rezfe_gg{%vce meter 292 measures the mass flow rate of t(qu)
fI'éw THrough the second flow conduit 202 (i.e., it

is _generated in the second fl ow condui't ,
and fglizt i G1ese7 Che @serire values it are te heuwlaieteinadtirthe palibration
proc e REFi and REF2 val ues can be generated by two '
Ifferent reference neters (see FIG 9).
AlTthés oaut thverl pe aisbemiBid intond 4RBRAaN e@satiomn be
generated at different tines a single reference
87 —eseddbt@ 11)0. In sdep|1BCB; )t HeREANiI ous flow
araggteristyc negsurenmepts o ~Re boye jare
seﬁ:ed ing% a (%?th?edr}ﬁat rt ﬂg}gé ua?i n (13) (12)
Powy 2 Al x i nVersionis|dotAed in ®rder to
genercate thepfl ovméalzi]br@t LQQ RCEQl s |FEm),) FCF12,
FCF21, and FCF22- These flow'talibration factors are
usdenf smvedi bith guéXid nidtdwirnleagsearct eri sti cconput ati ons,
i ncl udi ng normal operational determ nations of nmass
f 1 {@WCFa} e[ Adensj t w! viscosigy, etq THelErAR, nowd)4
eq Lons |and, 4 unknowns., The known (Ae.| sure
q it e ag)e REFi ,rbOREFé‘fl Dt tlfz,“ixz , i 2, A3
. e, At] + zshaw] dzpe redcal l ed @ hal, ppeb tlhe

zeremg) stepg 1 1 o Aoz A2-z, | |RER

gamer @iiefovid guitiitsvak g gIO\’z_vaaliﬁffﬁﬁanl@@ﬂ)zr%\g@?ﬁ,elﬁtpw, FCFy;,

o 0

In another embodiment, the multiple flow conduit flow meter 200 according
to the invention can include more than two flow conduits. For example, the multiple
flow conduit flow meter 200 can include N flow conduits. A starting assumption is
that multiple flow conduits behave substantially identically to a meter having two
flow conduits. With three flow conduits, the matrix equation becomes:

m,| [FCF, FCF, FCF,][(At -z,
m, r=|FCF, FCF,, FCF, {At,-z, (14)
m,| |FCF, FCF, FCF, ||At,~z

2

Using the same nomenclature for this three flow conduit example, the result
is nine unknowns (i.e., the FCF matrix in equation 14 above) requiring three
different flow calibration points. At each calibration point of the three calibration
points, the (At) measurements are recorded, along with the three zero reference

flow rates (z). Calibration point 1 comprises:
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O (11a) 22 =t2 0 ( 11b) The unknown quantities are

the flow calibration factors FCFn, FCF12 , FCF2 1, and
woeehBA24inese FCFs are the values that are to beCT/US2006/033024

determned in the calibration process. This can then

be assenbled into a 4X4 matrix equation: t - , At 2 -

Z Brrl F€Fi(1ﬁl’F' ADX)2 2 - 22 Atx - zX

T X4 FCF, Dt 1 -
u:i%bﬁg% Pt By oL 1 A 58 P, B L )
F Dt

BCF,, ECF322 FCEQ | 0AQ 22 00 Dt,2 - Z1 Dt2
2 - z2 In another enbodinent, the'nultiple flow
c @udibratidi pentBtoem@B@saccordi ng to the invention can
i nclude nmore than two fl ow ondw s. For exanple, the
mulRER| Féiﬁ}lcoﬁdlﬁi,zt oW |dt’er 2,200 can include N

f Liowreonduicdg: A \r t pg: gprrp%lon i's that multipl@g)

fllow’ ¢dhdli ts “behav® subsFaht ial identically to a
met AP onavi G o Hrow E6Fdids.~%jth three flow

conduits, the matrix equation becones: Using the sane
n&fﬁﬁ’éﬁt&mp@nf SICOMMI$eghr ee f1ow conduit exanple, the

the\FCF matrix in
Jggffgao ?@ﬁov%eq%ﬁ%ﬁ Mihirad different flow
c IREF;\ EORCIO) nFsZFzAtFé}ﬁi;3 A@I—ibzr tion point of the17)
thrﬁﬁFc |I?4’C%II o% %@F &3([% nmeasurenents are
3

r ecor ded, tal 0flg WI eé zero reference
Assuming that all of the reference calibration points are different, it could be

assumed, for example, that REF; = 0 for (i) not equal to (j) and it could be assumed
that REF;; = REF for (i) = (j). For example, this would lead to the assumption that
REF; = 0 and that REF2; (e1c) = Crer. This produces nine equations and nine
unknown calibration factors. These values can be assembled into a [9 X 9] matrix

equation which can be solved using a matrix inverse, as shown below.
\FCF = (a7 {REF (18)
where the term {Fﬁ} is a [9 X 1] matrix,
where the term [AT[™ is a [9 X 9] matrix,
and where the term {7@3} is a [9 X 1] matrix.
In more general terms, for N flow paths, the basic equation is:
m, [ FCE,, - FCF,, [ At -z,
E : 3 : (19)
fiy || FCFy, -+ FCFyy ||Aty =2y

This requires N calibration points, resulting in N? equations and N?

unknowns, which can be solved with the matrix inverse:
{FCF |~ [ar] {REF (20)
where the term {Pﬁ?} is a [N? X 1] matrix,
where the term [AT]™" is a [N* X N?] matrix,

and where the term {REF} is a [N? X 1] matrix.
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flowrates (z). Calibration point 1 conprises:(REF Z 1
REF 12 ~ 2 ( 15) [REF13 orpppe>QS: (16) Calibration
weoabesto28iieonpri ses: [ REF31 FCF, FCF12 FCF13 [ APCT/US2006/033024
x REF3 F CF21 FCF 22 FCF,23 A2 ( 17) [ F3: FCF 3,1
FCF 32 FCF 33 [Atl Assuming that all of the reference
ca?lGonatsjkmwmbahtS’aaoe saiuf €t@haccartdingoiol @h bmb@siémamf the
at REF 0 for 0
invertPne i alah hetibr 1D sas-ouligiSF gpd 8fbnd SaivksBda and
294beé‘1ﬂfr9|s@ngtlé %f%rmé ﬁhe{é?@bst Om@ﬁrsaéﬁa rgekcbAA vtarv@ts T A

hat ) F- Thi s produces nine

294be<qilmb$ @nstralmﬂ m mndm:k ao‘mt f&;zw Bﬁﬁam roygictnerfyst fipwsenduit

2108 ARG BRI e W S ot K REAI00 oo

condbet @Wom/!dﬁt%cﬁﬂct)\h%tﬁe%hﬂ”tmo% bbﬂw flol oXdiits Q&Oa |axwd zmm e
the term| ATJ~ matri x, and wh

t ethg re@fer@n[og e f]" 28315 ﬁEEOWF fosaipa affenthairee pﬁoﬁf%?msw flow

meter '%p él?‘gi Qﬁer thE%ER%%F%é%ﬂﬁﬁﬁ Qgib' T’-iovx?@ve': %s gﬁ@gn :E)I\%tﬁ% dashed

hnescﬂde leferenoe npxetenQQ;% (amd/ol thengalives Ba4e@udt2%lrlns candneNocated
be solved with the matrix inverse:

upstw QW}%ﬂ%mﬁ 'l‘:g&j) is a [N X 1] matrix, where the
t af Bhbdlbe Mddrstoddlthgt #r Nalibribhisstup 1100, the values REF, and

REF, are generated by the reference meter 293 at different times. For example,
during a calibration process, the first flow stream through the first flow conduit 210a
is generated by opening the first valve 294a and closing the second valve 294b.
The reference measurement subsequently generated by the reference meter 293 is
the REF value. Then, the first valve 294a is closed and the second valve 294b is
opened in order to create the second flow through the second flow conduit 210b.
The reference measurement subsequently generated by the reference meter 293 is
the REF; value.

FIG. 12 shows the multiple flow conduit flow meter 200 according to an
embodiment of the invention. In this embodiment, each flow conduit 210a-210n
includes an individual input 212a-212n. However, all of the flow conduits 210a-
210n join into a single output 213. Valves can be included upstream of the
individual inputs 212a-212n to control the flow through the flow conduits 210a-
210n. As a result, the multiple flow conduit flow meter 200 can blend multiple flow
streams into a single flow stream at the single output 213. Individual constituents of
the output flow stream can be metered by the multiple flow conduit flow meter 200.

In the invention, the flow characteristic measurements are substantially
simultaneously obtained for two or more independent flow streams. Unlike the prior
art, a driver vibrates two or more flow conduits that are conducting two or more
independent flow streams. Unlike the prior art, the flow streams can flow at
different flow rates. Unlike the prior art, the flow streams can have different

densities. Unlike the prior art, the flow conduits can have differing cross-sectional

23



and where the term[REF] is a [N2 X 1] matrix. FIG 11
shows a calibration setup 1100 according to an
wenhsdeamant of the invention. The calibrati on BETWS2006/033024
1100 can include first and second val ves 294a and 294b
and a single reference neter 293. The first and second

area%’ alneRe A4 8rignght 2R4Mocametsr ofané irmldréidn toandaeadde multiple flow
i rst fIOM/strean1through the first flow co

n
condite., Undike diheinder art.sbediow metsy ey eharetd W@[@W?FH%B’””Q at least
econd flow conduit 21Qblor to conduct a conbined fl ow
one PF%an1through both fl ow conduits 210a and 2 10b. The
r e Brepiggedrig cosdsf the f@mmtémﬂittmjloatareiuettbéhe ishaeng of
pi ckof f sensor fl|ow ne gﬁ after &@% ﬁ
compangntanén addigon Hbﬁ/éxyéra" %i%e BY PREr %@&Olm 25

mete Iggés :‘?6 @%g}’oca rcg%%"e {eRRdear Ir‘i ESdHl@hV%arWé caftion driver

upstream of the flow meter 200.
can deﬁusbwdmcérbmnauni'@tlen aod arzdies e wilizatiemof gﬁ;l@@ugnaller
, the values REFi and REF2 are generated by the
deCWQﬁ@ﬁEN%%Eﬁyﬁﬁ? 293 at different tinmes. For exanpl e,
during a calibration process, the first flow stream
through the first flow conduit 210a is generated by
opening the first valve 294a and cl osi ng the second
val ve 294b. The reference neasurenent subsequently
generated by the reference neter 293 is the REFi
val ue. Then, the first valve 294a is closed and the
second val ve 294b is opened in order to create the
second flow through the second flow conduit 210b. The
ref erence measurenent subsequently generated by the
reference nmeter 293 is the REF value. FIG 12 shows
the multiple flow conduit flow neter 200 according to
an enbodi ment of the invention. In this enbodi nent,
each flow conduit 210a-210n includes an individua
input 2 12a-212n. However, all of the flow conduits 2
10a- 2 1On join into a single output 2 13. Valves can
be included upstream of the individual inputs
212a-212n to control the flow through the flow
conduits 2 10a- 2 1On. As aresult, the multiple flow
conduit flow nmeter 200 can blend multiple flow streans
into a single flow stream at the single output 2 13.
I ndi vi dual constituents of the output flow stream can
be netered by the nultiple flow conduit flow neter
200. In the invention, the flow characteristic
nmeasurenents are substantially sinultaneously obtained
for two or nore independent flow streanms. Unlike the
prior
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art, a driver vibrates two or nore flow conduits that
are conducting two or nore independent flow streans.
wanbaiskestibe prior art, the flow streans can fl| 8@aTAS2006/033024

different flowrates. Unlike the prior art, the flow

streans can have different densities. Unlike the prior

art, the flow conduits c&LAIM& differing

ross-sectjonal areas. Unlike the prior art, the flow
Wha@@tci?smo%'t%he i nvention can incl udg multiple flow

condui t Unli ke the prior art, the flow neter can

1. srﬁaw'@w@%wwtrﬂ%meﬁ@@@ 0) e8pPidRiRg: drl ver .
Adyvirat AGRUEHANL ( Q@‘F)tccﬁ'fdukhﬁ%falf%’[ {Wﬁ%h be | ower

due to the sharing ‘of conmponents |on t he
oeepail bf fist piakbfitseasotsoid16eLes’) (aﬁn@detodberﬁlhﬁtfbw conduit (201);

&LE %Sg%)/dl nS| ng Yyyste td?&gbﬁ?efﬁfg}?%uc%?é%asg&ﬂ@raddltlonal

consunmdmp@tr@m fRABhE 8t I8t Yhé laiggaidnaniel s@re‘éhnséﬁ
smal | er el ectronic power source. CLAIMS What is

is: 1. indepgndest ef thedirstbemsineam;ow net er (200)
C%'ﬁ’e%ésﬁ lorﬁ% Lild éfaﬁdttécmpag‘&c%gﬁd#énﬁsg @%‘16?{ gﬁgﬂ%@ﬁgeéf@ ffle at

(215, 24&st)oraf Additohdl mlovm@rfdth(Qofzp camdcondw t (201);
at | east one aggéti on fl ow condui t 2022 conduct i ng
a® $UREVOHA S dd?) HQUf%W Wpratgotiihanfirshdowtcangyg201)

one ad%lntd At Iéésqvéfn%t%o%ﬁ’tmr%?‘ﬂﬂﬂ/ e(ﬁgggh %ﬁéwgenerate

first ow stream at [east one palr of

pi ckof fa &l’ehs@r@th@lﬁsspbnee)endfdtil&ast dre additianallvi@stional
one additional flow conduit (202); and a conmmon driver
(220) ¢6WP?'Yifred to vibrate both the first flow
conduit (201 ) and the at | east one additional flow
conduit (202) in order to generate a first vibrational

2. ddpoiirar mgiar 6200) @astkaimre vaddibe favamateh(290) enedprising a

The flow nmeter (200) of claiml1l, wth
Cornoﬁnﬁ?@%@%‘[enrgt er (200) conprising a Coriolis flow neter.

3. The flow neter (200) of claiml1l, with the flow

3. Wﬁtr@ﬂdﬂ%teﬁ(ﬂmglo‘ﬁbréﬂnai Wildr el ey HRASH L2DTB EBMpridi
The flow neter (200) of claim1, V\nththée |rstpfrlg]v%a

vibrating dgnsiteipetaie at | east

4. The flow meter (200) of claim 1, with the first flow stream and the at least

one additional flow stream originating from a common input.

5. The flow meter (200) of claim 1, with the first flow stream originating from a
first input and the at least one additional flow stream originating from a second
input.

6. The flow meter (200) of claim 1, further comprising meter electronics (20)
configured to vibrate the first flow conduit (201) and vibrate the at least one
additional flow conduit (202), with the vibrating being performed by the common
driver (220), receive a first vibrational response of the first flow conduit (201),

receive at least one additional vibrational response of the at least one additional
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one additional flow streamoriginating froma conmon
input. 5. The flow neter (200) of claiml, with the
woizomto2dliow stream originating froma first i npar/uazme/033024
the at | east one additional flow stream originating
froma second input. 6. The flow neter (200) of claim
flow donduit (202), arwhpetesming aréitst floel @tdracieristic (3201)e first flow stream
on.i ured.to vibrate th f|r t flow c
from SR it LR o ta) dosh bt b st s ano el eSliade!
respcﬁr’?s%z) with the vibrating be| ng perforned by the
comon driver (220), receive a first vibrational
response of the first flow conduit (201), receive at

7| SRR BRI R et TR o P BRSRE e alsbleflssd20)
confi ufedrtstvuﬁriawvth&ﬁrfsaﬂb@rdoﬁﬁuﬁ (261 Y dved f/l'bf‘@[b tﬁé@\t\/lﬁst eam
mthe first vibrational response and at

addltm@' Hewi qqnéiﬁm (202 b vithi thaaat leas @@ﬁ@dlmnam@wrwwuﬁeam
cond%%@r@ ggl dnkHéLﬁkﬁ& 398 fhnt%e%r%'hng b%ﬁrfg{ B%Wed

tov rate rst flow c
by th cantmen koiratae(ZZﬁé aaid Widkatie aﬂeaaﬂme addiibnél ftow stvedmi ieing

o B e S Al B8 B o
flow &d)r‘idhltt (@@12' r‘%béﬁ/br& I@@ét%@lepﬁfcﬁt%r{m%b@ﬁhém ré%@‘ﬂ%‘é of the at

driver and with the at | east one additional flow

leastsmee@dﬂlwaidlwh@mmuéﬁﬁ) afetemaingiar dnst flowwk@ra@amtlc of the

frst 7 Shré s G ot R e BRTY Bt Myt Bebhie abufbnal

wbraﬂbb&la’esp@@ée reeRpgateAnipk 4 becald fleashamgenstid dfitheat least one
fl ow conduit 2022 determne a first flow

additigngl Hevestieam fog thentrst v'bgatlom|abwsaornésrﬁndrt6m&tﬂ@a¢.O.ngt

N | & 9{@} e and the at |east one additional
add]@lrﬁi atb:rona regponse and determ ne a second fl ow

characterlstlc of the at Ieast one additional flow
response, an

8. 7 ol Moy anatgh ot i Db e erom e Badasted Sogidhidiyan)

conf@ﬁFé@f to(SREIMPke & firdt Ao oﬁa%ét@ﬁétt&@ﬁ@ bk Rl oﬁ@ta%ltlonal flow
l ectronics (20) configured to determne a first flow

charmtarlatm 'e$lh§tﬂﬂ© firgi vibrational sesponscaaitl theoatdeas) @we additional

the first vibrational response

v1bra§ﬂﬁglar%§8é@ !Qa%w%[ﬁ%saddl tional vibr at | onal response
FCle Uat Lous IE@EnxT DFFCF“ T Tyt G
= “C( ‘At zn )IXI( - Tc ‘2 mand g (Kt I-322 -

1, _Arczg;@tzzx Aﬂzzz )m 2]2(2 1)) ++FCFg (AIAIQAszAtXZQ—— I'c )x Bin ) in-order

clx Tm) in order
to determine a first mass flow rate (s, ) of the first flow stream and a second mass

flow rate (m, ) of the second flow stream.

9. The flow meter (200) of claim 1, further comprising meter electronics (20)
configured to determine a first flow characteristic and at least one additional flow
characteristic using the first vibrational response and the at least one additional
vibrational response in equations

m, = FCF, (At = Atz))x (1-Tc¢, xTm,) + FCF,, (At, ~ Atz,)x (1-Tc, xTm,) and

i, = FCF,,(At, — Atz,)x (1=Tc, xTm,) + FCF, (At, — Atz,)x (1-Te, x Tm,) in order to
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to determine a first mass flowrate (nmx ) of the first
flow stream and a second mass flow rate (nR) of the
weoeeamsrd4fikow stream 9. The flow nmeter (200) oPCTiUARW6/033024
1, further conprising neter electronics (20)
configured to determne a first flow characteristic
deteramde at firsemsts dloey @deli( i pofatheffireiiov atrasteand hiisecoisd ngpss
the first vibrational response and the at |east one
flow wadeli( 74, pobihevddmoatiflovabirea®ponse in equations m =
FCF1x(At, - Atz, ) x (1 - Tc x Tm) + FCFn (At2 -
AtZ2) ¢ (I -Tc 2 x TnR) and n2 = FCF22 (At 2 - Atz2) x
(Fh (At )
10. iﬁl’ h&@@%&ggfngﬁﬁf?%mfT,Arfg?h%ﬁ%‘éﬁﬁ?k's'\ﬁﬂH‘?"er %ﬂe)cﬁo;‘urf& (20)
configurest tof devavosit theamudtipde ﬂowez:mddutrfm\srrfelt@wmab é)r(m@e)hbcnétlon

procgs 7810 oUk et Rbmos AT etary et a2l 280 Bheemiusation with
the n@lﬂﬂélbgwéomltzww neater 1400) Mhebk 0ea fﬂm\ﬂowm%ugh b Ifies flow
meter (200) for a calibration process, zero out one or

Condnlﬁr(%o‘r)effféh@ madtiphet flavg conduit fowmetgr émmm'r@thmuwmenﬂow

condW?@WJé«%g%?d@9@1)%@%%%“%%5' B RN SRR 3

meamﬂetat%&tfdn@mdwmal Iﬂof/vi tﬁw:w@t @tr IeéQtOcﬁ})e agditignalfiow condUIt
e flow conduit flow neter (2Q0) and usin

(202hpihefmigpls o epER T Bp o S040 iy sl fow Gondu

fow 8%, CERERYESICBR IS S5 RPR e ERTS (PErPR o

detenoind dwb drlmwerfklveca(t?r@ﬂ@m fiadtogp (FQF shibt ihel multipesflow conduit
flow e 2hob URBodr 1St 863 Dbas T oaii Rclhatiaast e poligpaal flow

meagu@mémllbratlon factors (FCFs) for the multiple flow

conduit flow neter (200) using a first flow
measurenent and an at | east one additional fl ow

11, TR Ko Peud P 800 e Ak opies 0
config@rateicedéteRfinkelthettwe armom ol lcallbradibh facbrofF GrRtor the
FCs) for the multiple flow conduit flow meter (200)

multn@&@ ﬂ@/vtcﬁédwaﬂawl BAtEIA20GHeSIRG Hif RBL@HOT 200) of claim
rther conprising meter electfonics (20)
FCEQ filgur ed; t dgetzerni n@ the tho dr MBEE 1 ow
i Qratg on facgors &FCF.S) gzor_zt e Ioti ple flow
0 it flow net er (26 ) usi ng ati-onl3. A
pl

FCpas et tﬁ&dfor a mul t f o conduit flow
conpri simg: VA\tlﬁr—azIXI g’ a Aijrs REFpw condui t
conducting a first flow stream and vibrating at | east
one additional flow conduit, with the vibrating being

12. pe“:rﬂgﬁg\ﬁdmeter (200) of claim 10, further comprising meter electronics (20)
configured to determine the two or more flow calibration factors (FCFs) for the
multiple flow conduit flow meter (200) using the equation

iy \[ FCF,, - FCFE, [ At -2,

iy || FCFy, -+ FCF,y ||Aty =2y
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by a conmmon driver; receiving a first vibrational

response of the first flow conduit; receiving at | east
woneosaddiiei onal vi brational response of the at PCEAS2006/033024

one additional flow conduit; and determning a first

flow characteristic of the first flow streamfromthe

13.fi PsineeasbremértrabthoeSopaseuldp Adve cehdhieas rﬁ@t%r comprising:
addi.tigonal vi bbatl onal response. 14, The method of

cl Xiare4ng afirstiavw, cengduibeonduainggniirsh ewtstisaan and oibrating at

dui t i
\?\ﬁgr:: n'éfﬁ oS ggkso?w‘ﬂéﬁé@acgdl i bnaf]q}??ow Corﬁbﬁﬁésperformed

conduct oy g mmhemsdri\mne additional flow stream 16.

t.h d f 1 h fl t d
¢ hEe VRSt b RaT tasiiorseicl e fisd Hawsangiiiar 1 ng
f r @m@wﬁgmé’[ 6HétaddWonaTb%r%rTHP?eégfor%'eadf%é%t Ié’é?stt Bne

the first flow stream originating a first 1 nput
and wi t @ddiiienat flovegendeitieandtidi ti onal fl ow stream

ol SPHThARG e 3T REPRRUNR Ry tdyst THGR R R GO the firs
condui t viboatitre] iregparisel Babthecstdeastdind @cﬂtﬁhonﬁél%r&hbﬁam
that is independent of the first flow streamand with

t he met KOWPA§Pt her conprising deternining at |east one
additional flow characteristic of the at |east one
additional flow streamfromthe first vibrational
14. r edpermethaddfictaimat3, lveasreirihe atddastiamaddditidmaltioonednduit has
sera @?c\@onse. 19. The nmethod of claim 13, with the
Tmning further conprising using the first
vi brational response and the at | east one additi onal
vi brational response in equations m = FCF , (At1l, -
15. pr dhe methog of claim113, hgrein therat leastrone audttionalflogv donduit is

BB B, 2,

order to determne a first mass flow rate (nx) of the
ﬁt fl wstr am and a second mass flow rate (nﬂz of

gdpeinadnaf '@t%é{w{h g firshownstraam and heapileast one
addWoﬁQI ﬂ(ﬂ/@sfi@éﬁlrdﬂ thd HEENEEOR efngwg usi ng the

first vibrati on ponse and t | east one
addi ti onal vibrati onal response in equations m =

F + FCF12 (At2
17. AtClié? tf\pdp?fC%lr;g)%t]h the st 0 streamm orlgln ting from a first
input and with the at least one additional flow stream originating from a second
input.

18.  The method of claim 13, with the at least one additional flow conduit
conducting at least one additional flow stream that is independent of the first flow
stream and with the method further comprising determining at least one additional
flow characteristic of the at least one additional flow stream from the first vibrational
response and the at least one additional vibrational response.

19.  The method of claim 13, with the determining further comprising using the

first vibrational response and the at least one additional vibrational response in

equations rit, = FCF, (At,, = Atz,)x (1= Te, x Tm, ) + FCF,, (At,, — Atz,)x (1=Tc, x Tm,)
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and ih2 = FCF 22 (At 2 - AtZ2) x (1- c2 x TnR) + FCF 2

X (At x - Atz z ) x (1 - cl x Tnx) in order to
wdebwrozine a first mass flow rate (nx) of the PCTAIS2006/033024

fl ow stream and a second nmass flow rate (n2) of the

second flow stream 2 1. The method of claim13,

and Fiiet NEF,, CAnPF N, ) (1 Z e 0% Tig, DU OFN @A R Jex (H—wame) in
conduit flow nmeter for a calibration process; zeroing

ordenigtdetarmine arfirsé masisdlosntatertet, p oétHenfirsbfiem stream and @ gagond
the nultiple flow conduit flow neter; neasuring a

mas4 flewtatel gu taitbegacendlowsiieam.ow conduit of the
multiple flow conduit flow neter using the multiple
fl ow conduit flow nmeter and using the one or nore

I efif RRESITBE 8bn 15EARH ﬁhé‘ﬁeﬁirﬂlﬁﬂgtfuﬁlﬁ@r asplidiagaking the
flow through the at | east one additional flow conduit

first \obrattlﬁeamﬁsppp‘a@ aﬂﬁ dlws ab }ﬁmt pne |a@i\¢j,|tmlaévlbcpg‘.|qﬁgl fQﬁ@OﬂSG in

eq“iﬁ‘PPé'leTg’ﬁfi”e it L RS 208 161 0, o
o SIS R s
ordefth ﬁétgh‘ﬁ?%z ?kaf Vr\f’éi% f‘ich/??ﬁt'e (b, ‘Uf PRAAE BFRYtread? and Resecond

e deter ning conprising

mas@ﬁb\ﬁ/rrﬁté‘(iﬂg) sdtBetsweond f6W trddraw cal i bration factors
CFs) forthe multiple flow conduit flow neter using
FCF Lt] - Zx At2 - z2 0 FCF, 12 0 At] - Zx Atl z. the

z FCF, 22 J 0 0 Atx -

21. Aq-ght I”PBQ@‘S:F%A]@ fﬂﬂ%[}{jﬁlﬁr ogrrlprlswq ‘h the det er i ni f]gx

6| | \& tHELREITHIBIFloly é&%dlﬁ’%\ﬁﬁ”ﬂé@l‘ forfd @éMbratlon process;
tron factors (FCFs) for the nultiple f

comrmr@ Cbllltctwen@lt r@or@mfﬁ@mmmetaﬁ% irpeRIAMUBYC PN "yith the multiple
nmeasur e

mecor . BoNSPRG RGO BT g o first 11ow conduit
comeustiting adirst it tHrbogh $ie Brsmilandconduitadfiting ratltiple flow
conduit flow meter using the multiple flow conduit flow meter and
using the one or more reference meters;
measuring at least one additional flow through the at least one additional
flow conduit of the multiple flow conduit flow meter using the multiple
flow conduit flow meter and using the one or more reference meters;
and
determining two or more flow calibration factors (FCFs) for the multiple flow
conduit flow meter using a first flow measurement and an at least one

additional flow measurement.

22..  The method of 21, with the determining comprising determining the two or

more flow calibration factors (FCFs) for the multiple flow conduit flow meter using

FCF, At -z, At -2z, 0 o 17" (reF
. FCF, 0 - 0 Al — g 0
the equation 2io) 2 1—z Ay -z,
FCE, Aty —z, Aty —2z, 0 0 0
FCFy 0 0 At} -z, A -z, REF,
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| east one additional flow conduit conducting at | east
one additional flow stream wth the vibrating being
woeodsoeamae by a common driver and with the at PeagiS2m6033024

addi tional flow stream being i ndependent of the first
flow stream receiving a first vibrational response of
the first flow conduit; receiving at |east one
addi ti onal vibrational response of the at |east one

23. addiheirpatiodiafRd, dﬁﬁuﬁmﬁdet@rémlem ¢nmprising ideternfiniow the two or

R T A L p——

responséy; apgrcget er.m m@pgN Al east) one addi tional flow
st ream ha cterlstlc fromthe. firist vibrational

the PAUANL 2 anfd the at | east one addifi onal vibrational
r esponseu, 26FCFQe net o, of | /el aizpj24, with the first
flow streamand the at | eas one addl tional flow
streamoriginating froma comon input. 26 The et hod
of .cl aim 24, th the first ro stre inatin .
24. {1 A BaRuEGontBaioNTar ArvHpRd N CPEAL TpHanetsr, comprising:
ad qlaram%lé i StvS EHSEM %rﬁcﬁjd?fﬁb'é‘ﬂsf ﬂ&@s%re%%&aﬂsl vibrating at

I nput he nmet hod of claim?2
det er ni Igasy Oﬁ@r&dﬁbﬁfonﬁd)ﬁpwlcmndgntmndgcm@af ieast one additional
| east. one dd| t.ional

vi brati and. t

Vi br at | DB sti<EEBOREE o fekal el BRkePPRARACA RoRiryriver
n ) x (&nd wittethk ot 1683t ond=8ddifiokAMtflolv strédird Being }hd(ebendent of
chTm2? and B2 = FCF 22 (At 22 - AtZ 22 ) X

c2 x T thefistfowgtream; (At 2 x - Atz 2 1) x (1 - cl X

T dediifg 4ofrs} PLARIHETI ARSI e RIS it e (M )

Oow St ream a secon oW rate
( mEec)eiva'ﬁgtdh@mmadao‘dIMaﬂ/rbeaimnailiﬁespﬂ'Serm‘tthe@t tfast one
cl aim 24, e determning further conprising

usi ng tﬁgdft'iolné ‘IIQ/W&OQPPB’naI response and the at |east

0”%e?é}mu’élh@Qaahrs‘t’ﬂ@\ﬁ/aétr‘ééﬂ@bhér%%@&%@ fr‘o"r‘n ﬂ?éiﬁrts't QbPatiBhaf
Z) (1 - Tcx x Tnx) CFn (At2 - AtZ2)

x Tczesmn)sem e at legrtamg wcdcntuona\t\/zzgtxanallrespwe( and

TR 4 o b A

fl ow st vgaaiend rass@tghdBrsatf|bagy o &ddif8alafibriahienal
second flow stream 29. The nethod of claim 24,

furt her "@RSCsi ng:

25.  The method of claim 24, with the first flow stream and the at least one

additional flow stream originating from a common input.

26.  The method of claim 24, with the first flow stream originating from a first
input and with the at least one additional flow stream originating from a second

input.

27.  The method of claim 24, with the determining further comprising using the

first vibrational response and the at least one additional vibrational response in

equations iy, = FCF, (At), ~ Atz,,)x (1= Tc, x Tm,) + FCF,, (At,, — Atz,,)x (1= Tc, x Tm,)

and i1, = FCF,,(At,, — Atz,,)x (1—-Tc, x Tm, ) + FCF,, (At,, — Atz,,)x (1= Te, x Tm;) in
30
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zeroing out the nultiple flow conduit flow neter for a

cali bration process; zeroing out one or nore reference
woRb@rig4iim comuni cation with the nultiple fl orCTmsebcn33024

flow neter; neasuring a first flow through the first

flow conduit of the multiple flow conduit flow neter

ordetjﬁj ek Mfitst P\H%ﬁ ﬁl&)@’ré’t@ﬁm ) bof tHeoNYsERERIstiRfagh BAH ROsecond

one Oor nore rererence ers; neasuri ng at | east

mas®NEwaded Gﬂzqrb?f'thgs@\ﬁ’oﬁ@ﬂ@vl@ﬂirdéﬁﬁ at | east one
additional”fl ow conduit of the nmultiple flow conduit

flow neter using the nultiple flow conduit flow neter

28. ot ety Of 6102l eGSR NBEAT RS FareBBfino using the
first gﬁ@?@'\af Rispbhige BrkitthBl R Iéd P Wneaitditidnal b dratioriz ressorsg in

| ow neasurenent and an at | east one

equatiteist ion dCR, |(aw -nbagur @it x 1780 + AGE, (et hddz.0K (12~9T ¢, x T mz)
with the determ ning conprising determ ning the t

and wore FOFoMAGat Mss Bt (Lol &dirad $ FAFHGHSY: 1 6. Phe 1a t< i B Ein
flow conduit flow ne u e ion3 1. Th

ordeii HBPTaINe frsk masa@myrrﬁfen%a oS Tt P St i second
C riagin% det%rmn ngf or nore FCFs using the

maséglﬁ eln (Bp) ONEH9GNS%h od for a nultiple flow
conduit flow neter, the nmethod conprising: zeroing out

the nultiple flow conduit flow net er; zeroing out one
29. or Themsethell ef elaim :matfertberi coroprisiogi cati on with the

Itiple f fl ; i 0ga. i _
{ | gviome ovighearrip fow sarelRiRvmEB A fliftalibh Precgss
CoEQ\*&)‘tﬁq Butoc%ér%F Riord FbfRBert emtdrb i bermfrhavic stturdwith the multlple

| ow meter and using the one or nore reference neters;
measur i flgwaconduddlow Meer hr ough at | east one

ddi t | ' '
£ GladseBe 4 LB SERA o B berk o1 AP RS dow
and usi ggndiiefiowaneter Mg thefrauléiplecfiovetenduyit Bodt meter and

determining two or more flow calibration factors
(FCFs) #6ingtthe ang 5 PREe 1§ fggnce meters;

measuring at least one additional flow through the at least one additional
flow conduit of the multiple flow conduit flow meter using the multiple
flow conduit flow meter and using the one or more reference meters;
and

determining two or more flow calibration factors (FCFs) for the multiple flow
conduit flow meter using a first flow measurement and an at least one

additional flow measurement.

30. The method of 29, with the determining comprising determining the two or

more flow calibration factors (FCFs) for the multiple flow conduit flow meter using
1)

FCF,) [Af -z, Afh—z, 0 0 REF,

, FCF, 0 0 At} -z, Aty -z, 0

the equalion s oo (= a2 =2, A=z, 0 0 0
FCF,, 0 0  A-z A-z,| |REF,
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conduit flow nmeter using a first flow neasurenent and
an at | east one additional flow neasurenent. 33. The
worbisgdsiat 32, with the determ ni ng conpri si NngPCT/US2006/033024
determning the two or nore flow calibration factors
(FCFs) for the multiple flow conduit flow neter using
31. t hdheduethiodrof28, withedetetrhinihgothe3io o hbré FEFs comprising

oo NI S TRy 0% SShelh pguore Lo or e,

oonpgyrt flo t Si m FCF FCF N Atl - Z the
" ua;i”on,\mwlgg'l\l AF‘.F%FN, N' t N- ZN

my )| FCFy, - FCFy || Aty -z,

32. A calibration method for a multiple flow conduit flow meter, the method
comprising:
zeroing out the multiple flow conduit flow meter:
zeroing out one or more reference meters in communication with the multiple
flow conduit flow meter;
measuring a first flow through a first flow conduit of the multiple flow conduit
flow meter using the multiple flow conduit flow meter and using the
one or more reference meters;
measuring a second flow through at least one additional flow conduit of the
multiple flow conduit flow meter using the multiple flow conduit flow
meter and using the one or more reference meters: and
determining two or more flow calibration factors (FCFs) for the multiple flow
conduit flow meter using a first flow measurement and an at least one

additional flow measurement.

33.  The method of 32, with the determining comprising determining the two or
more flow calibration factors (FCFs) for the multiple flow conduit flow meter using
-

FCF, Aty -z, A 2 0 0 REF,
. |FCF, 0 At} — ) = 0
the equation 2= ,O , | mE AL g
FCF,, Atf -z, At) -2z, 0 0 0
FCF,, 0 0  A?-z A2-z,| |REF,

34.  The method of 32, with the determining comprising determining the two or

more flow calibration factors (FCFs) for the multiple flow conduit flow meter using
my || FCF,, - FCFy || At -z,

the equation : : :

iy || FCFy, -+ FCFy ||Aty ~2

N
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