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WO 2008/ 024112PCT/ US2006/ 033024 MULTI PLE FLOW CONDUI T
FLOW METER Background of the Invention 51. Field of
woOheostonviamt i on The present invention rel ates tecauSkmen33024
meter, and nore particularly to a nultiple flow
conduit flow neter. 2. Statenent of the Problem -
10Vi br at i ngVItLTIRLE Fe@BbECONBULhFROWMEDERs nass
flow meters and vi brating densitoneters, typically
operate by detecting notion of a vibrating conduit
that contains a BawugreuABidthallnvélhigesrties
associated with the material in the conduit, such as
mass flow, density and the |ike, can be det er mi ned by
I urenment signals received fromnotion
7. F&!@?@ c’§?%@@§00| ated wth the 15conduit. The

The prd@éﬁt inventio eslatels toreflow brietet, hdmibes patticlidriyed a multiple
ystemgeneral |y are affected by the conbined nass,
flow §@”¢l¥'h@%"§ mt8r-danpi ng characteristics of the
containing conduit and the material contained therein.
A typical Coriolis mass flow neter includes one or
2. Stafemenboflthet Brobfexrnh are connected inline in a pipeline

oY PlAE RRboRy SUB AR ESIN Ree BO 8 bBlsts Spfafprating
densieRfbitbls, FRYCAN9 dﬁe@é\@b etléeﬂm@gncmoﬁasf éJf/Ith’itriy@indUIt that

vi brati on nodés inclu ing, for exanple, ng%
contaien di fhg/vmg cnategakl Prapsdies aswteduﬁﬂb@erma ial jmthg conduit,

R
meaBBicefdralsiddatsveeddivarlifbnt ietico hdustucerscassotiated with tie

conduit is measured at pajnts aced 5t he
condyndilie VibEstian raefes of e yipratiag) rﬁaﬁr@ﬁﬁ%g Sgpgenerally are

affe @4 Bgttﬁé cPﬁ}bgned 58! %He%%ﬂ?t\gd&h Mr&&erigticdofed

VOl Cé col ype driver, t e conduit in a
contpiingcdrduitetd thre. mitestal cbotainet themaip. be det er mi ned by

RGOS hd o uB i, S B RS EE ot ar
conﬁéc?étﬁﬁmﬁsrﬁ a(mgselmec:ds%theﬁﬁaﬁ%@i sydtent yid eshvey material, e.g.,
oyed in order to neasure a 30vi brational response

enpl
fluidef slutiiestanshihedinguin thersystaiuifiash conglumeay ppiviaed as having a

oo R IR SR PGNP A o B

radi&@| 864 conpledimeded)mena afgica Guridlisrhasflow lmdsaswemnt vvo
[ ndependent WO 2008/ 024112PCT/ US2006/ 0338 airs
appligatign. a TRBAYIA S eXpiERtRONGIPNBRE VRLALONJRafes £ @nﬁn?F%'a' flows

throx@%ﬁ”g{é‘ st ﬁﬁﬁﬁcﬁfo@aﬁthgr&%ﬂﬁﬁ% Héé%u?é& Q?bémté‘sﬁ&%ralong

ive a’'nass 11 ow rate nmeasur
the coetdeiits Exotatisre s typigadly fooovided by &nl anvwa’mree geﬂ’ur errent s

kS e B T b e LRBLEh, o
ina g@ﬁocﬁ"ﬁt@éhlﬁﬂ N‘é’ssohcﬁlp%lé'rﬂgy 8k det@ingined 'b@/lrﬁééawmg time delay

[ternative fuels. The alternative fuel s narket
or poase duﬁae@qe@ kstyaad metianssaidhe dransdupel I@a@i@rgs cbwesuRb

wanSYfieak R Wbkl sfReerabats Shirell SFHGNRT 1 P i 2t =

v1brélm|l ré@oaeé e flolraahiduitoraontivies,.and areftgptcauyrmmted at
overnnents are becom ng invol ved by nactin

DOSI(E'@@$ gpalredn andodewnsigearnof heagiiatasa the: Wa PRKOf sensors are

con%‘c@@?&%k&ﬁﬂbb% Egtrru%iéﬁtéfﬁ)ﬁstgq cr:]&tq{q %Pﬁ\ ?ﬁtgb‘?g?/o' iRd&hendent

ernative S mar

vehi cl es, such as cars, buses, etc. In the prior art,
t he fiIIing of individual vehicles has been per f or med
at filling stations utilizijng traditional gasoline

punps or utilizing conpressed natural gas (CNG

di spensers for alternative fuels. 15 Traditiona
gasol i ne fuel dispensers require two individual and

i ndependent neters so that two vehicles can be filled
S|nultaneously A dual meter fuel dlspenser can
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must be mnimzed in order for the manufacture of the
punp to be conpetitive in such a growi ng industry.
wohes@hone, a chall enge exists in being abl e teacuaseio6p33024
a cost-effective fuel nmeter that can provide two
si mul t aneous fuel flow neasurenents on two i ndependent
pairsfdf ovirest rEeenpstraf@méation woeives sigpals &om the twe pisketiisensors

e STt 18D L e 5t REGRR e
drrauRaR&ers AMOuSERS B p&eing Afadsaliv File tﬂﬁ@&éL@eﬁm@m@E\Nlde

in the fuel dispenser as a Ssi rgl e neter device. {/g
VaﬂettevfeﬂUldléOW@e@l@%ﬁfQﬁ)'@W@C{"I{EOT isdlovesisisrs caprPafentially be

usod SR8 o Do FPUBBIER ST ST oA o it o

altermativiel flakis bkt contiwids fd expamet mrres;sorme)w |detbaamgmmqayns
to_an enbodi nent of the invyention. The W ond
over RGN And SR Fesse BdSUEaRTESONERBlE eufitang cO% an
I r fi
avail g0 driSaded G A Stiof RAARA=PrA e, diamy
goveTrhmentd arefhezohtiogvimvaicrd by Enavtingelegislation pometsginiesess of
fa one additional flow conduit conducting at
altem%%‘éet Ustle additional flow streamand at |east one pair
of ARGBbbHORA) fd@ itk 06& oF EFiRNiS nedtbrsxiacht alteheative fledaharket is
one additional flow conduit. The at | east one
in thecﬁnuunguqfwahldes@wugh 860815 DUSREe plshdarine griofr ge. the fifing of
|nd|vfch|e¥“P{§p%Legﬁ;ge@ - Ree g@é%& gafllhﬂélsfaqul#'Jtlll%llng‘%éfﬁﬁ(%al gasoline
pumyk o atigzihg cbmiphesdad satufadl @aisq@NIE) d|saedsetrlséoaalt¢reaBVe fuels.

dd | d d
Tradfanet OgpBing LshUDPRSHEaL B dvaidUdUE Ao naRaRrTaREmeters

o) thvdttf\{vﬁt\)eﬂlﬁfr%s E5vBeTREd s ﬁpmﬁvnﬁ\ Rl ﬁfé@'etf ﬁaél Q|spenser can
ow condul t ow neter is provided
prov&ta:twcdmegerted flow sindards mdiine tefo fidve straamtqacmﬂowrﬁédlfferent rates.

f
he S5 SRS B85 o o B Bl el e iorops g,
exarfip f)%@l]@'ddnorﬂﬂe cﬁlﬂewérﬁ@@@hglt‘es The vibrating is
per for med a common driver. The nethod further
cohtomieyes thé@éﬁ:ﬂ“@ﬁé anprsize of ®ua! i qreegp%ﬁ?srea%\fe fuels

f
s e P TTRLL B LI 53 Bt
suctReGrdowmRgihdiisteyy Thedfots, al&mﬂdngebmsm ini lging ablet;):develop a
fl ow characteristic of the irst. flow s from

costrsiantive Tus d0pon 12t can Ry Heciny SimuIENopus LT ghl MebSfrements
’5{%}@; response. A nmeasur enent
on t\%qhaé rengh%l%:d r@é flow conduit flow neter is
pr O)ned@mbra;rtapMmghUs)tcamsm‘rﬁm saparatst flav enetakseintgugh. a fuel

Th d f
dispeBRtCRIRal T 2 RPHARLS PRRfhahalt e AP FGEAT  fbbgpeter
devi%%@ &edip 'dBUBfe tﬁ@fs'p%‘é’em sk flel cpdnett 89 a@nc_l;leamteo device.

ditional flow stream The vibrating is perforned_by
Twaametanmaviassi aasy doutie the metasexpanseRid tuebRPeNpely TWo meter
streamis in t t flow stream The
devw‘gﬂ?ga rPGW%gPB@%&ﬁ?.%%”?@ C{V{I/%ﬁg a first vibrational
response of the fi @Imﬁiarwafdhdlsdluabd recei vi ng at
| east one additional vibrati.,onal eé_%gnse of, the

| edseugiple Bawiaangriifion BRIRIdR P YidedRECHRSNLE & u?FW@P'me“t of

the ?rﬁ/eﬁﬂg}?r Tﬁ%%g[ﬁpﬁrﬁﬁv@ 'cBH?@tt flbshefer %Wrrﬁirfs@@@ first flow condu;t
aracteristic mthe tirst vibratio resEonse and

contibetirag a lfiestslowosteeard dingi @ palr of fimstaickofsensespatikeddadhe first

determining at |east one additional flow stream

characteristic fromthe firgt vibrational response and

the at | east one additional vibrational response. A

calibration nmethod for a nultiple flow conduit flow

nmeter is provided 30 according to an enbodi ment of the

i nvention. The method conprises zeroing out the

rrul t| pI e flow condw t fl ow neter and zer 0| ng out one
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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 20 one additional flow conduit, with the
vibrating bein % perforned by the conmon driver,
flow eendiiity eTlae muttinle fiowr caridsiitflow maenfsether comprises ot leasbane

e e Y

one dllofled @itiohaDickdt seiisors avixedabaké et iesist enofadditientl fiow
flow streamfromthe first vibrational response

condifie The atdaast wiecaditnnal Siox stiedspds ir&wnﬂegwﬁee?w%w
s‘[rea%‘ﬁ?.t Tﬂ@%ﬁﬁhgwgen fit HOR MRS oo r#}% 'éj%rﬁ?ﬁcﬁ{ driver
urtheér co ses neter electronics co ured t
configutedatoevibiate bbttsthef fireifl@ercdudtit and the bk kﬁ%t the eahditlonal flow
ne additi

| east on ui t | east, ...
condyfid’ QEdR P R A B GulSb HRLRIOTED ARRHAT R 2 38k Opadditional
V,braggﬁéweggghsél ow stream wi th the vibrating being

perforned by the comon driver and with the at |east

ok meRiUremeat mMetied forceanitine Aigwicendpis figennetuds prewded

scco g S YBAAEAR AL FRSUEp Rl MOBB e v o

first V@ caduit condlictirighd Aist o streesnengde/inbtihh et idast eastadditional
one additional flow conduit, determne a fi st fl

flow epadialbt he Silrating IS BRTTGTTasE DY AGRTRTIPBAWVEF.ofhe FRethPR Syrther
coméh%sgﬁc%%g ?leﬁg)ﬁ%h@ﬂéil d’egggﬁ’éee #)nﬁﬁ%tfggf;fz%vg%gh%ggv%bewmg at

leastcdves adtﬂleaonalt\nlcraobnalhesabne@aétheomtdeastdme additiofialdlow conduit,
streamfro

th St |brat| al onse and the at
and fglesminipg a Hat ff%ﬁ praplespsticiaf das f'FSéE',SSgV %&eamﬁr%{ﬂ‘ fist
wbré?@ﬂ%ﬂ%%p@ﬁ@@ @hdQhe ta'i‘ Rodsk 6We RidRlonal iidrdtional FeSIhse.
er ‘conprises 5neter electronics configured to
ded eneaswrement method m a frantinde élﬁquqr@uatrf@wamateragtpr@wded

o by S EH H, THEJEchih ufflss eine
first ﬂb\brc@fnhgﬂ%bnﬁﬁg?ﬂ@é ﬁfl_etlffllo&ﬂslt@%%rgrﬁwdAﬁbraﬁnﬁ(ﬁ? Ieds‘ttdnle addltlonal
- Tc, x Tu +

flowmgdwt vﬁnéyctmgoeuem@ @d@lggnal f@g@tyeakm( 1T he) wgSa]f@ ig
t t ) to
por§ERGH R AR e e erd kB 00
indebeﬁ@te@ttcrfeaemamdloa/ stezand Trtmmethaoi/\furtaeecemlpﬁses ofcdivipg a first
second fl ow strea yet, anot her

ect of ,the
Vibraticgal fsRenSe ahnd Nist e candin Ao et PEEBSHeR g patiTonal
vnbrﬁle%%‘i Fé%ﬂ&%e%‘? e gHFe%Qt bRe @@Hﬂ’lbﬁbﬂﬂ‘o\@ 06h6§'t ﬂ’h@%ethod further
aracteristic an | east one additional fl
comphaeademrmmmg adrshiipw Istreint eharacteristic o theefsrgbwbéatlonal

respolqsg &E’Qt ?éaas 1503@%{@0&%% t\/&bﬁ&@(ﬁna\f f%éipagﬁs%urﬁ;d Qg@%ﬂﬁﬁg at

IeasF@ﬁé%@ﬁhlo?-\a’r floW stréhnX clidracleridyd fidm engfifshibraticrial 2dsfchse
- 2 )x (1- Tc2 x Tth2)+ FCF21 (At, - Atz z)x (1-
andme ﬁiﬂﬁaﬁt phe gddisionebviBEtion FRSPANERr st mass flow rate
(r| I t fl
Sibpd T eltidcEfor 5 BARlY AT CBRdLR 1G5 Rte T pRo e
acc@'ddel@r araepodimént éfehé imwentienerThe imetHddosomptiges zeroing out
er conprises net el ectronics configured to zero
the thle,gowlgr%dbqtélow ?ecr(ﬁﬂfﬁgero?q%wtr@}eeer r%&re 5efterence meters
in c&ﬁHLﬁﬁ@étfo‘ﬁr\Nlﬁ’rﬁ ﬁfeeﬁwﬁ{tlp?@fléw%ﬁndgﬂﬂow miERsre THY RIeBisEfurther
ters 1n communicatron wth mul tiple flow conduit
confplnews meeamuringeaiinst Sow thiqugh & fltah/ﬂDWerngtanfthfﬂ suultipleiow
conduit of the multiple flow conduit flow nmeter using
the multiple flow conduit fd ow neter 25and using the
one or nore reference neters, nmeasure at |east one
.additional flow through at |east one additional flow
conduit of the multiple flow conduit flow neter using
the multiple flow conduit flow neter and using the one
or nore reference neters, and determ ne tvvo or nore

o T I =N~ O\ o Y ']
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WD 2008/ 024112PCT/ US2006/ 033024 (FCFs) for the
multiple flow conduit flow neter using the equation
wonoogae4iamot her aspect of the flow nmeter, the PCOWS2006/033024
nmeter further conprises net er el ectronics
configured to determne the two or nore flow
conduit ffliobr metesrusirng ther muBipieciey doodutt lewnmietdrpng dsingvthe one or

mo re&%ﬁe?r%hé%{gkﬁ\évrsngﬁg H%%&lﬁﬁﬁ%@%@esg lc’)ﬁ{e: a(?ﬂi itiqﬂaﬁl o& tb royéq' at least
one adyigoial AvRessndfit ittRe MRiHEE. fidwheomduit Re®tmateeusing the multiple
addi tional flow conduit has zero fl ow.

flow genciriciave mefspand Usingithe anetMdacrs fierncrdrgieranéhe method
v L e A
multiplecflave tbiodlyit floe rhetes isfgoanfisst fleammaeasucheerdtanidesrs bt least one

,additional flow streamoriginate froma conmon input.
add'tloﬁ‘%‘/h?wdﬂﬁﬁﬁéﬁe%ect of the method, the first flow

stream origi nates AgpEe® &f fhelinvBRtbnand the at | east
one additional flow streamoriginates froma second

13nh mpetaspect petheaftw heateadpedowahetaieonirised,a Cagolig flow
metel east one additional flow conduit conducts at |east
one additional flow streamthat is i ndependent of the

f il sinothevaspiace smhanmbv heotok tiho flofumétee corfprises sedbrating
determining at |east one additional flow

densiipmeiRft eri stic of the at | east one additional flow

Z :l h %%b&%rtaggglfzft éisthe\ﬂiow Akt He A RSRUBRENRARY 'iﬁ‘la'e?tn least

IY'east one a onal "vi brational response.
one gdditiemal tfloer siasqracirigidate Henratdomsnonhhepuaet er m ni ng

b Yok engiher assecihadent Meten Ma Hbid sipam o foRgRR Trom a
first i g%feéhﬁmhé)aﬂebatlo&&ﬁddméhéb flaw Sréarhldrigindtds Tohn % sEohd

FCF, 2(At 12 - Atz 12) x (1- Tc2 x TnR) and th, =
iNPUtECF2, (At 22 - Atz22) x (1- Tc2 x Tth2)+ FCF2, (At2, -

245 e RaheLisobo O he RN it Ao SlEP Bt st
metet &F&¥ifbnics configured to vibrate the first flow conduit and vibrate the at least
one additional flow conduit, with the vibrating being performed by the common
driver, 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, and
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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mass flow rate ( th2 ) of the second flow stream
In yet another aspect of the nethod, the determ ning
woéuodshesiizonpri ses using the first vibrati onal PCERS206/033024
and the at | east one addi tional vibrational response
in equations till = FCF, | (At, - Atz, ) x (1 - Tc, x
determiing B gecenddioav mal@ciermlz;pfjhe(a Igastmeanm@ﬂg flawgtream

from k&e}ﬁrﬂf v’:bg%a(@ég&&ﬁs%ﬁrﬁ fﬁe(e]t le f&f—i@ Q%B Po{acl:':\ﬁg'r g@fwal

respdingest nass flow rate (th, ) of the first flow stream
and a second mass flow rate €||22 Z of the second fl ow

st/p ¢ghanother aSPﬂCtﬁ-‘ftt aflevnee eés%'\@cf oy metefurihen sampriges
mete?%‘égz‘% fc#élr&d?ﬁl uFEI R HSRPmARY QLF@ fIBWE cHPS s ié BhE aft 'Ié)é’gt one

ter tor a calibration process, zero
additeanal oe cxblaran:teﬂsm@ﬂsmg o flraétvérratlmmalcremnaecmd the a\i Ieast
W et er, nmeasuring a

fl duit fl
one ?‘i’f@?”?'lvﬁﬁ'ﬁf %g\é\/ﬁg&g%uff’l %Ppﬁw conduit of the

le_f neyi t us I I
T R e T A 0 TR e

1, _Jzﬁkwezg Qe NCR BT S Tc,FeBs U POFALAL eaal:, QREL a@“@lﬂ@f)&h order
owthrough fhe at 1east one additional flow conduit

to de@érn’ﬂhe anfirst mpkse fiolhonsite ¢raduof thelfiost froet sfreaisi avgl & lsecond mass
multiple flow conduit flow neter and using the one or

flow raie ¢ ir, @ bEthensmcomet flovg straaih. det errri ning two or nore
flow calibration factors (FCFs) for the nmultiple flow
cdAdet eneiheaseeelo JQerﬁl@Wamﬁtqrstherﬂ%mﬁé%m FOMERIgES

meted&] rdn?&séorﬁ@%{)?@ﬁ]%@% nd 4 ‘ﬁYﬁ%@Péﬁaerg%ﬁ’lstlééha HAfdast one

anot her aspec e determnin
additargh floweshatatterisiiousiogtthe frrsmnbratlmmmleeé;bmsa:amd thengi least

one HRBRERSATETRN Bhpbiiol i oMot 1o

i, = (B9 Riz & @A x TR AFCF,, ek, -Oad - TEE R, ) and

1, = FCF,, (At, — Atz,) x (1= Tc, x Tm, ) + FCF, (At, — Atz,)x (1-Tc, x Tm,) in order to
determine a first mass flow rate (7, ) of the first flow stream and a second mass
flow rate (m, ) of the second flow stream.

In yet another aspect of the flow meter, the flow meter further comprises
meter electronics configured to zero out the multiple flow conduit flow meter for a
calibration process, zero out one or more reference meters in communication with
the multiple flow conduit flow meter, measure 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, 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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At - At; - z2 00 O FCF22 0 0 At- z, At - z2 RER2
In yet another aspect of the method, the determ ning
woangrizeas determ ning 20the two or nore flow PCT/US2006/033024
calibration factors (FCFs) for the multiple flow
conduit flow neter using the equation { /hi i il N
(FCFBERr thERMNIItipleFSw bbidiitNbwmeter AsiNg-the equation

-1

FCF,| At -z, At -z, 0 0 REF,
FCF, | _ 0 0 At -z, Aty -z, 0
FCF, | |A? =2z A2 -z, 0 0 0
FCF,, 0 0 At} -z, At} -z, REF,

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
(FCFs) for the multiple flow conduit flow meter using the equation

m, || FCF,, -+ FCFy || At, ~z,

iy || FCFy, -+ FCFy ||Aty —zy
In one aspect of the method, the at least one additional flow conduit has
zero flow.
In another aspect of the method, the at least one additional flow conduit
is conducting at least one additional flow stream.

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

In yet 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 at least one additional flow conduit
conducts at least one additional flow stream that is independent of the first flow
stream and the method further comprises 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.

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 (7, ) 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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In one aspect of the nethod, the first flow stream and
the at |east one additional flow streamoriginate from
wea 20meoin2i nput. I n anot her aspect of the met hedT/uskme 033024
first flow streamoriginates froma first 25i nput and
the at | east one additional flow stream originates
equationsn = ETBTdAL PE ) x (- J&tx T Ot HRCF, gapee gl x (Ihelc, x T, )
nmet ho t he det er m ni ng further conprises using the
and #i, r—sFCFgaA@H nglx (t e§ponsm, hhd’CthléAaF Aegst(l ode, x Tmy) in
addi tional vibrational response i

orderigodterminezpist Umdmwez‘m éaﬁﬁtrflﬂ fdfﬁé,f'sv\mstf%alﬂtﬁ”d a second
ﬂAt - Atzli) é cIﬁ + FCF12 (At/2 - Atz," ) X
maSS( oW Taisxlrig)orAha seRand. %gérfa(mt 22 AtZ22 ) X - TC2 X

é é@ ggog-g?:&%heéf éfttﬁélrrl]%tﬁ%én 2he) m%)(toh%%r%%e?(%:gﬂnﬁhfés ?Qroing

out thélmdlllpﬁlétﬂow eavdlit feanaster @rfae@aimbtmsisrotbssv zeﬁbmg out one or
(in,) of the second flow stream 5In p?et anot h %
moreaaaé@r@pcsfm@h%s We@qmalqu?é'oaéwﬁ}menmkf flew&onduit flow meter,
e SPTER 0 T S e o
meteeqsarig tmsmultlple fowcBhduit Aoy meisr and)using the dee oXNrz11
At2 - AtZ2) X - and .t
refe%@ﬁ%méﬁ% megspsNg %tie%% oa@ﬁ%@%ﬁw thigligh *h%"éeawne

add|§<§ﬂa1ﬁ%bv Soriduit dfthé %lﬂfﬂ@rflowc&%tﬁfﬂ@\/@%eﬁef LsiBY tRaSRUltiple flow
ow rate (1h, ) of first flow stream and a second

condudtrfieys mat@v\amdauemgtthe)on@fortrn@resr@&@'@ace Inogtess, e etermining

o &L P8O BB e 0L B Wy S ) 2t row e

using arfisi flow Intyasteéeent and anczalleémainlecaddwtmzéﬂsw meaemrraagnent
out one or nore reference net n communi cation

t hé YRiIanoge JsPeft ef eotnemthprioaﬁ%$f@rm'm%§9mpﬁaea déldrthining
the t%l ?ﬁfrgf)eéjﬁﬁ)\k I?:'é%'r%?oh '?E?tpkéwéfl%ﬁér?et eﬁ%nv‘FIM!t lé’floxﬁl%ndmt ﬂow

ow condul t r using the multiple
metdrluming thedequatidnow met er and using the one or nore
reference neters, neasuring at Ieggt one addi ti onal
FCOF dw It hriough Ade- gt | east oneOaddi ti@ad] | fl ow conduit

t he ['tiple,flow, ondw 1f t sing the
Fcﬁfﬁl t4|pl e nbjfl ow cgndw%gfl ow értét le0~ an S);i g the one or

FClgrie r&feranc®’meters, Oand defer ni niind t or nore
FCiA aw cal Pbratl 0p facAlGr_SZ(F&Es)Zfor pﬂp ltiple flow

cBndutt flow meter 20'usi'ng & fi’rst f1 ow measur enent

angh et atoth&asdpeRnef Bddhbitriakhd Hewrmeang E:@ﬁ‘ﬁ;.ﬂlses determining
I n yet another as ect of the nethod, determ.nin

the m@rrmé% ﬂGWtC@uhhfaﬂOﬁg‘a@ﬂ@és {FfeF o f Oﬁﬂ?eerm|lw¢ daw %?rné’dJﬂtcﬂ@W
e vetny the S o Pt BB Gr08
meter-Using e 6qédtich zl 0 At; -. z, .
my || FCFy, FC’FNN AtN -z

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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0O At22 -z2 00 At; - z, 0 At12 - z, O- At; - z, O At;
-z, (-" REF;, 0 0 REF2 In yet another
wagpsae4ial t he nmet hod, determ ning the two or ROTAISEGE®33024

25 conprises determning the two or nore FCFs usi ng

the equation I 7h, FCF,, FCFN- Ati .- 21 thN _FCFNi
equal@ry, = RCFN(AL,2- Nz, ) n(lonE, adper+ FaiF t(he, ealr pral i-dh, x Tm,)

met hod, the determ ning conprises determning the two
and Gy =nfife By, f Mo Stk Bt Tan FraotoF €7y Els) Atzey) xt(he Te, x Tim,) in
order_qgl(dfqltgrln%n];l aoms% omrlaoal:lélﬂtovJc #a gv ( nrrz? ; gfr ’thltjesi‘%rg’tgﬂgv!/q %trggr%aér%dog second
mass flow rate (s, ) 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
equations i, = FCF, (At, — Atz))x (1—Tc, x Tm,) + FCF,, (At, — Atz, ) x (1-Tc, x Tm,)
and i, = FCF,,(At, — Mtz,)x (1—Te, xTm,) + FCF,,(At, — Atz ) x (1= Tc, x Tm,) in
order to determine a first mass flow rate (7, ) of the first flow stream and a second
mass flow rate (1, ) of the second flow stream.

In yet another aspect of the method, the method further comprises zeroing
out the multiple flow conduit flow meter for a calibration process, zeroing out one or
more reference meters in communication with the multiple flow conduit flow meter,
measuring a first flow through the 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 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.

In yet another aspect of the method, dete’rmining comprises determining the

two or more flow calibration factors (FCFs) for the multiple flow conduit flow meter
D

FCE, At =z, Ay -z, 0 0 REF,
. . FCF, 0 0 T }) _ 0
using the equation 2 ) Aty ~z, A, -2,
FCFy| |A -z M-z, 0 0 0
FCFy 0 0  A-z A-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,

my )| FCFy, -+ FCFyy j|Aty —zy
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At; - z, At - z2 0 0 REF, {FCFl, FCF12 0 0 At: -z,
A4 z2 0 FCF2, At,2 At: - z2 0 0 O FCF22 O
WO 2008/024112 PCT/US2006/033024

In one aspect of the calibration method, the determining comprises
determining the two or more flow calibration factors (FCFs) for the multiple flow
conduit flow meter using the equation

(-1)

FCF,) [Atl -z M-z, 0 0 REF,
FCF,| | O 0 At} -z, Aty -z, 0
FCF, | At} —z, At} -z, 0 0 0
FCFy, 0 0 AP~z AL -z, REF,

In one aspect of the calibration method, the determining comprises

determining the two or more flow calibration factors (FCFs) for the multiple flow
m, \| FCF,, - FCF, || At, -z,
conduit flow meter using the equation : -, : :
my || FCFy, - FCF,, ||Aty -z,
Description of the Drawings

FIG. 1 illustrates a flow meter comprising a flow meter assembly and meter
electronics.

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.
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O At; -z, At - z2_ REF2 5In one aspect of the

calibration nmethod, the determ ning conprises
wdeb@rzinezng the two or nore flow calibration Pacise®e/033024

(FCFs) for the multiple flow conduit flow neter using

the equation Ml i //IN{ - FCFn FCENI * FCFIN -
FCRNG. 11 Ahpws-a calibraiith setdpNiccBasing itdbh@misddibledit of the
awi ngs FIG 1 illustrates a flow neter

. Dx.
mve@&'ﬂﬂri sing a flow neter assenbly and neter

10¢1@C1 2 @RDWS the multiplBlfléw 8or'ﬂo§4lnaﬂd%i/ ﬂ%té%ﬁ%oorgiwﬁtérpl €

flow conduit flow neter according to an e t~ of
embasémpAl@ithedavention. FIG 3 is a flowchart of a

meter accor di e el Peslihion Bt fos Wi¥tetvent 1 on.

FIGS. 1-12 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 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 illustrates a flow meter 5 comprising a flow meter assembly 10 and
meter electronics 20. Meter electronics 20 is connected to meter assembly 10 via
leads 100 to provide density, mass flow rate, volume flow rate, totalized mass flow,
temperature, and other information over path 26. It should be apparent to those
skilled in the art that the present invention can be used in any type of Coriolis flow
meter regardless of the number of drivers, pick-off sensors, flow conduits, or the
operating mode of vibration. In addition, it should be recognized that the flow meter
S can alternatively comprise a vibratory densitometer.

Flow meter assembly 10 includes a pair of flanges 101 and 101’, manifolds
102 and 102', driver 104, pick-off 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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15FIG 4 shows a multiple flow conduit flow neter
according to an enbodi nent of the invention.
woehka@s/B4ahows a strai ght tube nultiple flow corduius2006/033024
flow nmeter according to an enbodi nent of the
i nventi on. FIG 6 shows a nultiple flow
througbrilow corduily 1a3Peancd 08Bdintgback iatp eutieidharifnld 20af whaee it

ntion, 7 sh a multiple flow conduit
oxits H]e&% ﬁﬁeépblg 90?‘594@ {l%n%eh?@ibodl ment of the
I 'F\Y@mcbﬂﬁwts 103A andG 03B shyslestcddrid apsrobliaw!e aalintdd to
ow neter in a calibration set-up according to an

inlet @ﬁﬁtf@'idrﬁé}ﬁ ad opfet maDERldi 1Bz’ sosmitehayesbatandialythe paae
mass éilgf’r" bgj%ﬂu@g)n'génrﬂw nﬂ@% e{?wda?lgﬂé mo?ygérﬁqa%&}t Béhding axes
W-—V\Fhﬁd WG—WSreapéd:tmaL)h afhe flow eoruitsiextend botwardiydorh the
man TR S ST R o0 secorcina to
2Q08, QAR %éN%%QoﬁﬁgF@é}nven by dFl/& 1@41@88{3@31@ directions
calibration setyp according to an’ enbodi nent of
about thedntespactive bendimg axed ¥V ahdwy' aihe atrWIhtat i t@rmed\xhe flrst out of

o T L, B 08 G EIHRRR P Ay e
knowhl! &rfanderddntaNéudhgs bahhgnétnaoderertbMlomotorftRpi £03A and an

specific exarrpl es to teach those skilled in the art
oppoRk el MaKatearta flouecanilibEAIB.nbdealisrnating puvemtis passed

throu':ﬂrthé'bﬁ‘np%fn@%% t8fcah§§%%itﬁ‘ goham%i ?(s% Rded NG élhé%{e 8&\?@
QOnVentronal ve been sSinpll f'%ed or° oM
signal iwagpliEd by méterneleht@oracs 204 Vvia lapgridQitatdeivean D4t i ons

| WGk oER s Ak eh e s Forel ooy 798 140
resp@&%ﬁﬁl lgbferté’é’étrdﬁk% bepteRBsdLafve Q@@kabsh WL Bdich

nbi ne I N varlousvvastoformrrutl | e vari ati ons
causes driker nmmDscaHateAbWacmrmeth&Anenﬁ ﬁ@éBt i Matarelegironics 20

oo 4158 e R e FOPLEF S G LD 0¥ crr

to cohideébrmtaggv flewfrh@y PBthezs Frcww amrrmxt@nelmmuemeans that
asse @?{@10 and 15neter electronics 20.

Met e
allowg| regtear GieEON ZQtQW’é%Q%WIth@Hr@I%ﬁtOéﬁéﬁﬁl «ﬁh@oekﬁcéromc
d I

sysiq G papoe gl st o BB rpYie el Al ehTbemyg o
operatidroofatCaivlioview mpatdn 32161 is Inot fttendied telimjiflae édching of the

t hase Skl Iled in the art that the present invention
preseRfN¥RNed in any type of Coriolis flow neter

regey 9 |§?Sd|9 rdr ®f Qqﬁ@lﬁgleoﬁovﬁﬁb?‘{@u@ﬂoﬂ' rﬁ%f th)OSané%Rilﬁg to an

flow condui t8, or the 20operating brati on.
embaoadimeehd iof trmwmventusmolmel flow met&)"g?ﬂOZledlUdBata furhéﬂcb\lv@wnduut 201

5 b .
and §ahar hrcadsifonsl 6% g ot 08T ThE SuRh 58 i adeang 202
incluB@iflangbs lemrmse HAkasAd dut gkl fiosietsuld ® lmubréi@ad that the

driver 104, pick-off sensors 105-105', and f
multiplsriRi condoi Aowrmaeteo 280 qan ipeludearoteribapiter- ﬂﬁ\’f conduits.

How%ﬁéﬂé&h@a%%%%_oWanc%%cg%g%z ?c;lrgflﬂj écg%é%gf‘i\élggt&gum&ﬂow meter

200 edrf cordudta fleowiniaibdsl, I‘l’Q:HJdEIn@ aXbeX flowstrebol atsd aDRaahone

102' can be affi xed ends. of a spacer 106.
add't@h?é dpwigeeanaithatds ggﬁg%fttﬁs et Ive strRay f ol ds 102

Con o tsoqgé%re?’%?fs lHE@'t%@'tfe‘%\ﬁ hh?ﬁ@ms@tm%w ébrfdmmoand the

103B. V\hen [ ow neter assenbly

seconddlavt eanduit 202 vemardin lotBTloys cemdyitso20 s aodw?D2\eie ofbrated by
carries the material being neasured, material enters
flow meter assenbly 10 thrqugh flange 101, passes
through inlet manifold 102 where the total anmount of
material is directed to enter flow conduits 103A and
103B, flows through flow conduits 103A and 103B and
back into outlet manifold 102' where it exits neter
assenbly 10 through flange 101'.
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FIl ow conduits 103A and 103B are sel ected and
appropriately nounted to inlet manifold 102 and outl et
woamisfoekid2 102" so as to have substantial ly thePeams2006/033024
5mass distribution, nmonments of inertia, and el astic
nodul es about bendi ng axes W-Wand W-Wespectively.
the cdiendn dviveoZRi V\&&Mfwmmﬁlm@bw @Orfdwtnﬂdvhme’ram.?@mlrd:amdes

moredBARdVEdoTOds. TouREPE" Bf SONAToby! BFQE lesaharythe number
of flomghgb%\f&m&ﬁ@e épé’%vérh@ \?lbfeﬁé R fddsy Bvd aBAI ddhduits.

is terned the first out of ,
1crr@hfasteﬂbwrmxndglt mdendﬂdeshe aioef firet pickofbseneers 2345 and 215

ot BB BB B T L B L PR tShcrs
215 SRP2SENEhEBE kupporidE By taﬂyfrh@r\m@m‘fdlgld sﬂtﬁﬁcﬁt sfxacture (not

alternating current is passed through t posi ng
showgyi wheeeir &ies @lc!s@ff sensprinel iroa Hisesl POstEN by BeISRBPE

sl RSB P a8 S5gtboi v

condU&C dihecsecomsiw sogdit 202 induxiesa balk aisecddd pickoff sensors
216 0@ a4 peiding PeaRt ChraaDsd ingrpbend 1w ot 292 and also
afflxé)cf{"d 'sﬁﬁﬁoﬁ's ch8 gh'c')tts?n A s iR stMedtBFe for the pickoff

processes ft and right velocity
senssrgA4b anflirahd’ paclbedhe seersor diffecmtdhan iossupperbpidesture

oA 5 O SR 2B s SRR G Ry s

201 hRd 'ZOQeﬂffe_arﬁﬁr Wf fifdt gmk@ﬂ@éas@fs 2315 ahd 16t @@rﬁereteeatﬂbwnl c
systens descri ption of 1 is provided ne

charasteaﬁtl@mﬂﬂuoéemﬁntﬂ@étf@@fﬁéﬂﬂwm%ﬂ% 289 anel the paib@s f Sodond
t
oS85 U536 URPRE 4 ol ldaBRnd cRERLIBrE e
secdnldove eaddiit 202ow nmet er 200 according to an
25enbodi nent of the inventio

h er. 200
o Ehadew GharpeersNg BRI S 4eibar o SRS Prgieg sensors
215 QHQ'QH o8al ﬁfdrﬁmec?éw B §ec?c91%} p.?Ela@ff ’séﬁséﬂs%@wm@%r@m

I'nclude T anges at the intake and out put
recee/redsand prcmeaeaedi bipdhe mﬁéelseleotﬂomﬁatZOt (seermlt ilpl Ehﬁlr@wer

uit. flow an i n

olecfBRigALcaT B a iy imeasu e et B tis sl oW stroam
and £8h danepasassadordl v inbaslifemehoiiafetao tRd20C€omhflow stream.

conduct a flow material, includi ngqa first flow strearp
Them@p@smgee@m generaielmassdie rate GRdQrdansity magaguwements, Tor

E ependent of the first flow stream A conmmon

eXaPIer 220 is | ocated between the first flow conduit

20Anatrkriflosy slepao@ribtiothat caduia g@iratethby Sienploeehsihpdsva
~conduits 201 and 202 are k/)g%ret eH by WO £ i £
viscogibeyajge fanersh ey s66A0R3 R TQW RoRHUlS ey pf giigrent flow

#d?ﬁp | | f&HbﬂHﬂ" nfigured to

area\éh?cfree i l@}fﬂéétnlf]ﬂéﬁplfa flow e Coﬁ}oﬁhﬁéﬁeﬂ?@@baﬂ% confi

no the number o
meaéure/dyusawd Vistasityramd MmQhamthehﬁowm‘r‘@acf@flSmSoWn also be

due to.the use of river to,vi :
genged by e Prergeeiigind &% PhaRe sE5pe 5, e APt pnd dlaims.
| nghudpst foWatrea®fisfindsgerpiepkof fhesttepaision straas. 254 result,
5positioned to detect vibration of the first flow
the firshBloivtstream isthet linked tto gir §Kbenced ydhs seegnd flawstepam, and

vucec\fe?a% g%g%%ﬁ%ﬁgh@y mf’&%mﬁﬁﬁg a?{q\ ﬁdvg' goﬁl;ﬁ’?gg\?] 'é)grmleasured

and eintholled ihddpepdentiy bf thenfidy thrbegls wmmotftersiondutt ure and
nmeasures relative notion of the vibration of the
correspondi ng fl ow conduit 4,The second fl ow condui t
202 includes a pair of second pickoff sensors 10216
and 216' positioned to detect vibration of the second
fl ow conduit 202 and also affixed to a support
structure (not shown). The support structure for the
pi ckof f sensors 215 and 215 ~can be the ‘sane or

1" ' a a1

o I
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pi ckoff sensors 216 and 216 generate a flow

characteristic measurenent for the second fl ow conduit
waQms/n24112 The fl ow characteri stic neasur enmenP€TUSLIUG/033024

the pair of first pickoff sensors 215 and 215" and

fromthe galr of second pickoff sensors 216 and 216’

arle cperesvkodistbrdnithe irsidtaye ettedn cdrehanea ardiffdreot lomirate than

20 LG 1), Th t
the s8oiq Bwist St ln dPe slcTmphl 4 FB iR il ARaRnirise o
first fidw BRITe @A hriephcdRtehd o wastpeiA tdnf dopmp ieas wees®d flow material.
related to the second fl ow stream The processing can

The fyéh@@\atséreﬁﬁs gam hawe edirst denpityrargbins sscongdinyy siieamssan have

a seddid ! %or%ﬁéﬂ?!g%efftr&"ﬁow er@ghe(férrc'éérﬁpn@?%l fﬁ'gﬂ‘ugﬁand
generate rocess

the seaotd flbwvst&taneaan comprise 4 mdrtd)tuetomtlalfmsls ane bef flowing at

Aiffer@BhEPS. TNURTAE ahe Bisd A0diF SR M GRS Ao e £80RS used by
the nﬁ’é‘t@?‘@le%trtﬁhﬁ;%% toyc@%c;@% i@ peRbBRT fufe\ ﬁt’ét%nng transactions, for

characteristics can al so be generated
exanmlece55| ng and are wthi n the scope of the descri ption

d cl ai 30T e i ndepende t of
£ 18 e RosTtoedi coddUis A CARY pp SRER Filisidttany U-
shap8tIfRANtOEdUIe! abls'hb% tRtehalively, Ue Reesmbydinientseeamdn FIG. 5
flow stream and vice versa. nsequently, the flow

and ¢igpisingd kelew. heollpw saaduits 2ahapd e@dmarige substantially
Stral@ﬂ't@‘(/\?{:&‘?ﬂutsn q@&ﬁggeﬁgbeﬁéé%gégﬁgéb%ﬁigé ?’:érggt érﬁkf 8\% BRhin the

scopstaféleerdeacrigtmnearad diafrherent flow rate than the second
flow stre

In one e ment first flow strea
R S poument, TG T Gy AaDalt BDT 478 thh SaBR GREC EaPna
r C FHoal -
afea%\%éﬁﬁ?te?éﬁ%t'%“ﬁ%@?ﬁa@?. Rl A g o v B bross
sectibhalvaregseam can have 5a second denS| ty. For exanple,

t t fl t f I

t L LS B B Rl S BRier E bt 3 MR e
condbuelosv frfertcdor@ng NE apterfibddintednof i Bsentliber he fn@ethod can

the first and second fl ow neasurements can be use

be usebtameasug tew thyivugs g the fisgdiouceondidt, t@lﬂlﬁ?@h‘ﬁ%ﬂ@w through
st e AP B 0 RS P SRR s i oo e

first snbs¢eortd ﬂti)\lvy:ohldusﬁaped fI ow conduits, as shovvn

Al ternatively, nt shovvn n Fl G
di ‘§cﬁ§%%é8¥b@ed°\'{ﬁt g op%w?egﬁ due pecat '%W&Oféﬂg{@é% vibrated by
nf t
2 o e P I SO R T SRR B v, stroam and the
secontdloswcopredt carheonidisd @i gstcdood flpmdsicé@inmel heliow conguits in one

emb L SBEh e ceRPEate sets ML BRA S ST BAPRE Rl 2 Shgeratively,
in anﬁltﬁeﬁré?ﬁbd)d’lﬁtént tﬁ@ﬁ&w%@ndhﬂyghétéé %ét BOpiekS Sehenti(98aF|G.

areas. FIG is a flowmhart 300 of a neasurenent
4). met hod for a nultlple flow conduit flow neter

a t ' ,
norinieh 382" 85 TRNoh A kel b I B s repgived.
The fiist sibréticnel cossbrise, oarocampsw an fellavtri¢dl rebgyrgd g]eustatédil@y a set
Op@fﬁ%{;ndflowcon dujit, or to asure fl ow sjnultaneous

|y
BRI BB Whened ther dectigal %'g%ma relptse ol IrﬁfsV'brat'O”a'
resp{;ﬁ‘seqt $Re ¥Rt oW Eiatedatlis flé)\ﬁ@(g%'tﬁé* kitst A ERiuie Cprﬂéjﬂrst
I ow conduit are vibrated a common driver 220.
first flow conduit can conduct a first flow stream and
the 25 second flow conduit can conduct a second fl ow
stream The flow conduits 43 one enbodi ment each have
separate sets of pickoff sensors (see FIG 2).
Alternatively, in another enbodi nent the fl ow conduits
‘share a set of pickoff sensors (see FIG 4). In step
302, first vibrational response of the first flow
condwt |s rece| ved 30The f| rst VI br atl onal _response

o o o o g,
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second vi brational response. The second vibrationa
response therefore can include a vibrational response
wofom/okkiay material in the second fl ow condui t PCTAIS2006/033024
i nclude a non-flow vi brational response, or can
include a vibrational response of the enpty second
vibratipal resprense thetegfore sae B0 a yitfratienalfrespense of a flow material

eri c of the first flow streamis determ ned.
in thq {]'%gﬁ(g‘&lcgn@ytmderst ood that nmore than one first flow

chaisesy 803,54 b6corfnvibeatibpberaspaade ion thdsecsiceiow EBAduIt is
first flow characteristic is determned fromthe first

receiyerd The secondairatierald8sReNSERAN GPHPHEE GR:AIerlEspgRY.
sonof QB RSt ST R G Bl ST TR EPCPIoRP GeflolPaRele gl e

secodengirajonalirsspogey, Thed secortbabrdtiomaf rafsipbnéé dhenstdre rdaal

. an be determ ne m_t he f dthe | east , qpe
'”C‘Ué%léuW%réﬂQFaVGEPQF%H PﬂPlé’s’Bé#%@i'” he SeCOI” f&"\éﬁo@&l can
mclué@@% ﬂé\ﬁWl&E%ﬁé’ltr@fsbéﬁéé Rlah hﬁ‘clé‘@e 'a%ﬂah@ﬂgl response of the

ditional flow streamis determ ned. It shoul
emptum@@ﬁedcﬂow ¢anstuitror e t han one fl ow characteristic for

a0t sPin REA AR Aol el PRl sfleaLRERIM BB afTis determined. 1t
shouithie¢ antierstsdd that snslettharionedirkt fluow therdctdridticanmh s determlned
| east gne additional vibrational responses. The se

in thig stsip- c hiae Arstdlievssharasteristie rspw@émm%fg%mfth@mtﬁ@ the bt loast
one %ﬂ&@anéffw%’r?g%@%crtggﬂorﬁé&ww ﬁrrs?] stedg%ﬁ%&g I%ﬂ&v@ﬁaﬁq E(?ﬁ]g(lse a

mas@ﬂajwbated(efﬁlerdfﬂtmﬂrs‘t flom mbterfal.riatadalitidn, tiee dénsigastscosity, etc.,
addi tional vibrational responses. 25Although the flow
of the Firsé digw r@atﬂﬂaﬂ cew beotetarmined franadpeficgdeind the@t least one

f mass flowin one flow conduit is not
add‘ti‘%%zgf?ﬁ%@ al FSRAESPI ow t hr ough the other conduit. A
f l1awid 805 oh sesend oW WhiaradtdhistRsofahpaseadt dnehaidiidres flow
conduit. Because of this |inkage, a new nass flow

streagy @a@@t@ﬁnir@duééahqwdth@emﬁﬂrfﬁog%éhﬂ A BRILPT PGy
charé’tﬁéﬁéh%@ﬁ aﬁefpﬁg%%'spgn{e%gﬁgﬁg?gﬁ ase ngna_%}ﬁbg%b@tgﬂgh?d in this
step.eXperseeone cﬂlolnyottmetefrllsbwsc@etéummedZ&imahel fird2andLat. Ieast one
addifgsial SIBraigria psRANSES: oo SR oS G cleiPR P IsUP o porRyise a
mas%h&x)’rﬁf%ﬁ(ﬁﬁ' t@ftﬁageeoﬁ@ﬂé Hiaidrar 9R %dstﬁmcg{éaé@iigg yiscosity,

et ween A’et ‘side pI CkO S and outlet side pi

etc., of tHegeatrideiow hiuterigharebslubfeememseirom herfirer detlthendtdeast
a single time delay (At) and is used to determ ne a

one W@W%@iﬁm{ﬁt'@@%ﬂdﬁsﬁgnﬁeﬁmss flowrate 7)2 , for
?:(,q?\{'ﬂz; tP EXEZW( quﬁg?%q& I'n tlHlﬂgs Ienqdu tengﬁnt éh%l ngl e

meastrament vé nassfflaw ireoe flay qodlitéanobiedepeddéen ofels foe

througi e oSeeantuitih IbHBr gy e bOsuFbingleRs 5 Wisgan S other

cond@it® Bedalak Id? ik #Rkage, tahﬁéw' Masehek '@qﬂ@@loH ndgsed fr tﬂwle‘}Wulhple

conditions. However, this traditional mass flow rate
flow eqnmut ﬂmwmetaoﬂoa@@qoa:hreg fathedngentian. i phe newodual dleducanduit

j h d I
oo S PE bS8t PRSI 008 Bk SBhehed Y e kim0 e
202 {i®. et Bnbll Ay, condui ts. This is true even when there is
#Iowm only one of the two flow conduits. In the

t rlad va@ﬁanalfdtmwm eeriokedaydeetercdRfrese f9 BrRapUSsetween
0 I

two f?Jo]Y‘c}e g?ﬁca% Ly 5 %s%%@%ﬂebée é@&cb@%&fﬁgwﬁﬁ%lé&%ud e pickoffs
phase does not appear as ag4l5phase difference between
the two conduits and is not a factor in calculating a
result. Therefore, a single tine delay can be used in
the prior art in order to determne a flowrate in a
traditional flow neter. In contrast, in the invention
the f| rst and second fI ow strearrs are |ndependent As

o o o o, Y
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30where the subscript 1 refers to the first flow tube
and the subscript 2 refers to the second fl ow tube.
woheosgeciand termin equations (2) and (3) (i.ePCTfUS2006/033024
the "2" of the FCF12 term for exanple) is required
due to the fact that flow through one flow tube
and quilel sisle pickoTisel thae rateroilhés phadsediffeprmei is sonyeitedindo a

sngd B A0 b TR B B s o

rate ﬂzr]doB@)?ambléf) ehynaimbiyind te equaiohel ay val ues of the
form (At;43 ), the superscript A denot es whi ch

f 170w Gﬁdlﬁﬁt Ag)edhdlceThg flow. 1f flow is being (1)
ﬁnduct ed through 5the second fl ow conduit 202, th
ia thip @QUQB‘P%ya Fiaolemgastresee R ofitinee ftem (ORY gan b‘ﬁé‘sed to
[

meaﬁ”%?@?”. DHPIREEE (A% PRt Oplayht zoro (t2). The
time Tblayeft @esy (Athkcwnlpue% Adjalibsatiomefatiomthatas alpteredsed adder no-
flow for,.the second flow conduit wherein the flowis
oW ¢ the first flow conduit. Alternatively, the

valigiReet indd trhgitibh8l r‘hb§§ fléﬂ) A% aaaétwrﬁg i radtaaeafé fo?fa
fl ow condui t wherein I's through the second

multipledieve somidiiit flow zetar. sfﬁberr@awrpts toat methe dveh Bowscanduits of the

o Y G MBEERag BF S0t BB B, SERE1E52 oven

When/\th@lf@lieﬂfldvhm bhivind biotearadiovi cosdutisoriatieg tizyitiomal flow meter,
comon driver 220 under a zero or- no-flow condition.

becapiggeammandioppassasoieush effidiavoranqdis. Hirindgped Phase is

f I
conlf PS50 gl KELSRELE 08 S SN ST e o
phase)d*rﬁfﬂatanye béhecqrotw Mceccbmn‘uﬂsﬁndsbsmcétarfwctw in calchtingne

rosuls; TPRie gk s TR a6y SEhASHo% I lePric? at Ingrgr to

detef/ﬁ‘ilﬁédadﬁoWP@@ iR GQUPAdifESal (v At 3) becone: i FCF,, (AL,
Az x (1 Te, X TLLiL+ FOL2(A 2 Az 2)X (1- TC

2 chmmmst) in ¥e lavsr@rcmztr( rst amczgegtor)d {law-stregmsareni 2)

indegenisRiot L Ab '3 ailPublipt: phak rnea bY e kg RR0S fay S

betwtbg the e flewwondofist Maeteford, o s flondidtd egngtidrhpaded on a
termis the tenperature of the first flow fluid.

singlg tigarfielay ceneotree eflayed the tenperature of the
S%B\Nqn ORI fm? Wbty @d}ﬂjﬁmvg \jﬁfeft%reﬁ%ﬁ In?He % ,Rth%sf in both flow

temperature of the secon
conduits €0é aneir207, lewen dhoiigm dowanay ahlyeexistrin tome cﬁflthetflow cmduits.

dui t t | t.h of |
The {ich indbGed BRaves T Get 1as TSl THodIE el Tesgements are
requﬂcrédPWoﬁ%écm AGW @BNHBR TP bRIer to measurERibR. T Bdw rB8&surement

are calibration coefficients that are determ ned
can hzﬁ/fofrlom ardwodlared Qnbdbugiemiionyofdiie rnsaslirement sgheme can be

. h istic.cali Addi t [ the fl

st RS YOI T8 oBbhE"Si o be symrettic. n this
CRse F@%{@E ang; ()31 and, £ B, ywoukg Q@lzfﬂzsztzhziza Te,xTm,)  (2)
S|rrp ified by the fact that''the ffow’scal i’bration

f RC EQFGE @Y, beAaphkexd mat-ely, Sy AUES (Agat Az, )& (1 - FEKIER,)
FCF21. The symmetry of the equations would influence
wherelibe sabs@ipitl wiersrtode irst 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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The ability to neasure two mass flow rates may al so
make it possible to nmeasure additional process
woanisakéas beyond just the two mass fl ow rat esPCE@IS2006/033024
instance, if the two flow conduits are of different
cross-sectional flow areas, the ratio 10of the two
indugasgnphasein berother weat&qyat@nejaham@ )i carolsé uged in the meter

cloctfGpEY PSR bRl RBsb B Bl Bl Sl ARG 202

c q}{é}élrﬁaﬁer SHE Bimkel dé’l‘é)‘ﬁ QB lof $98Fd rﬁgg&“l )] th'eréifad}é‘?s&lbt A

unbal anced mass in the system and thi § 'unbal anced mass

denotaywbehof&ivecmadm'elstdmndugﬁn@ﬂmt i1pflek isabpingtostescied thhsugh
two resulting flow conduit vibrational responses.

the sefe@yiaﬂewlezqndgtt 210aothh1551 tedime d@ledfvamewghlae ogﬁwer @:iiliﬂl (a26).
The itisdiiRe8 denotes fiedlih ottt Mo 2BRsalFE SRBPnsE f5 R0
recel?% fr%?? gtﬁelfelf ﬁ‘fg VQ%ZA{ L€ F[%éeﬁay aﬁqgier % ¥J£§c9;@tthgn

secoﬁ'@?l@mdiﬁ@ut%}%élr?#l’eqlcfvb %V\th iHeoﬁ‘r§t fldw tcBﬁdmt” Nt@ﬁ?atlvely,
| ow conduit flow neter 200 and the FCF value is

the vdkuee(rmf nesdthwtmhe detae/sheaa;urads‘onmeeﬂrét fow rcaheduit whereinlthe flow
can be seen fromequations (2) and (3) and (5) and (b%?
is thr@hel@ the §e®@ndaﬂowtcpaﬂ@k§;202mgwesemt@f zgro gepetegraino-flow

n er tube) would not
condiff, wBieeR tas Ebindare) fbaioie: wme el Mpastifitros e frst fiow
condJi20)1 B ferel PHeCRCHAY cRb Bl oVBragd B 1S BRI Yive 20
undewetzlerololnao-ﬂdvguone&itienare refer ence nunbers In this
odi nent , one of p ens rs 2 and
SRR B SuPPIeb ASE BEeuiPHe) B 4aS Habe UsgAdor | ow
deterﬁﬂﬁfﬁ'@' the f%QVlCWC%(PI%UCST thQeﬁc‘WJ {2)5&?\@13(‘35 dB&#Hdt t@%’éaé‘&%tage
" “measure vibrations in I'ow conduits and each
of anyusc/metrgempczswolerﬁ@lrnzspssyrpnmmdlesn thestigeadelay| Hitkel time
the t elay between the 30 two flow conduits.
delajﬁ%éyngﬂgh&)\éga'@t rai ght tube multiple flow conduit
fl&wgg;fer 200 according to an enbodi nent of the 4a)
i nvéntion. In this embodiment, the flow conduits 201
angk 20Arare substantially straight. It should be (4b)
understood that the flow neter 200 of WD
2088/ 9241 12PCT/ US2006/ 033024 t hi s enbodi nent can (4c)
include two sets of pickoffs, as in FIG 2, or can
i huddipone set of pickoffs, as in FIG 4. FIG 6 (4d)

0 [ ti fl ow condw t flow meter 200 accordin
the”?gugﬁo’eﬁ%(ﬂw b§EOTKe i nvention. In this enbodi nent, ;
t fl er n n i n v
L5, LU T8 <1 200, .05kt 3 Repmman ok gt A pkhern,) ()
co,»pl—%lchO(&ouAtz he& (flT§tx Fhow P@FdFAzt —204 yanpd-¥e %ﬁ#) (6)
second f1%w conddi't 202.2I'n this e di nerit, "each fl ow
C OftauT tteinas regprpsemt tefnpesastuoe mmummknﬁsf Ts'neaﬁcarterrm@ the

temparaly IS aLTy HELIRIE SBR0S DS AHLRS S HE e 08 [Ehoreraisaey the first
flow ﬁlﬁa Qﬁ@%lgﬁ tlfh'eol"&zrtsﬂﬁ 'l@fHeot%nﬂfer%ﬂﬁé\’o?% §8dondW Sonduit and

shows a nu | e fl ow conduit ow nmeter 200 accordi ng
the Tinge tewneatbro@temmrawetdféhe seeond Haw finid.s Teeatidth Jrealue is the

Lncl u the flo '
zero SR SHRERIelYvelu osr ok oY ch Gpdioat it Ve Hhe zero
flow caraieH valnetfbl theesBrRmdRN comuit. NTId BowalibReiopl fakefré
sensor pair 215 and 215" neasures the sinultaneous
vi brations of both flow conduits 201 and 202. 15FIG 8
shows a nultiple flow conduit flow nmeter 200 in a
calibration set-up 260 acqgegrding to an enbodi nent of
the invention. In this enbodi nent, where the nmultiple
flow conduit flow neter 200 has separate inlets and
separate outlets, first and second reference neters
291 and 292 are enployed for the calibration process.
The reference neters 291 and 292 are flom1neters t hat
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t hrough each flow conduit and associ ated reference
neter is separate from and i ndependent of the flow
wohowuwghiithe ot her flow conduit. In addition, 8CHAIS2006/033024
fl ow neasurenents can be obtai ned. The obt ai ned
measurenents can be used for calibrating the nmultiple
FCF i) oGF 80 &éiani and FOv.netecsalibodticcoesfticingtst that ae determined by

fow GRECHATERbSeq S 88t ROBRIACRASR AlRafhE 1o
HoveRigsnaligt hﬁiﬂcﬁ/&lctahbr@tlb@ rredt@rsfmq@ efscahe s?nﬂﬁieﬁﬂ@' ai g
and are wthin the scope of the description a

casecpgiatons (5) and (6rwngd9b%HHW@r§|mahlftaqobséthq ot H‘tﬁﬁéhﬁ flow
2
calibfaBH {AELE mtlhs SpfrofheRionfihetita, i PCr R o e

symmébtey ef tHeeeduiativnseteuld 20(0udnas the s:lahgﬂamon rdretessthe first
C referen e neters 291 are connect
P heaS gt sy Ee o Taese fov Fis oAk elseroks ol ig o
meaﬁﬁ@@é}‘d‘itﬁ)rﬁél B%ce%@d/a?i%les"ﬂég)ﬂnﬂ I SUEB thBenAdd ﬁéwﬁ‘%s For
second flow conduits 201 and 2 can be controlled b
mstadoamfstheem ﬂ@W\(CQQdUIfS ateh@frdlfiemrﬁ eogsngrctionelyw eheas, the ratio

of the fyfo Py GEMEPaf kBl to it AR Ao R,
applisatieawolldpé fge Eﬂ@a@uwmérhlﬁaffdo@ﬁhgfanWeq@t@ﬁw sud8desdthe
generates a (thi neasur enent val ue. The second

flow FenduigncaLGReH@N C@QQU%ng%wl“ﬂodﬂﬁ% a@é&f&wéaﬁqe@kmw gaihe
systért %‘gﬂpgﬁesﬁ}g@'%%d1ﬁ\a§§ bd 'dgi’é ?Q&Q‘fhﬁougg? of amplitudes

measur enent
of th@ avo beatlhrmglflewteampluﬂ@ﬂarahmalnekmnﬁe% r'léfeﬂewmqusﬁett/x@r

exarnilgs of RBRGID! B i G aar e el ST eas e W0

indeferdent@olSstredrhewechart 1000 for a multiple flow
conduit flow meter calibration 15method according to

anT regrbalthration padcaduee faneeprioroa! singteaBow Gajigiisiroeter or

br at 1
roprasniot By eBlafiTei 8 Tita o The fiveeiay alhorg (s
detefrhipetUridepzerd fiow conaiiont ir trwwmﬁt fla@dnduit-flowt ieter 200
devi ce under test, see FIGS. 9) is zeroed out.

and fhe R GF yalieis, d%@fmlnﬁﬂdwfb@i@%ﬁmaﬁ@ %@eéw t3®. 200f the

fl I
PP ect o bl St 7 B g g
stratégig;o(mneamd@l 0z )24t Izean dnd@@steatene flovatad perdebe) weuld not work
and one or rmre fl ow characteristics

condi ti
for aéﬂ%]t'B@tWQWHBQU'?ﬂBWH”%@rT he At,' and At2 time del ay
qul@a $5wd B%umb@tﬂcﬂmeoﬁmpﬂ@wfnh@wr QGO%‘&:‘obﬁjmgﬁ & an
exanpl e For step 1001, where the flow is
embe@iment i dhe friventioat @qnnpmeml)ts am@brarrmrwithn gtmd@er@i sloare
bei n erfo uatl on

roforpiog el IHE el BhbE Spbi S BB T Bickosssngpie 215 and

215' 20¢ peditioHbd Wateeed Eiafilst AMH @eBdhd FIewcorivitd @9ararez02. The
I mredi at el y above. It should be understood that this

pickeff spnspaind! pand gl hetnegst & Wbtmtiogstin ok Hpw popduits gpd each
piok G S 2 2 5 RS S0  inal related Fo Bl e ity bpeen the

two flaw icogdtitee f1 ow, both the flow neter 200 and the first
re ce neter 29 measure first f
ché\'?%g%h%% ALTaIGI U VRIS oMecanchil ay Bretea0q appording
to arf §%béirﬁeﬁt'hdﬁh?%?éhtl()ﬁt N tals fe%bdcﬂ% Pt hRé le{A%rbel"thQOH and

ow being throu I'rst flow conduit
202 are substantially straight. It should be understood that the flow meter 200 of
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5 201. The flow neter 200 neasures a tine delay (At21)
for the second flow conduit 202 during the flow
wohowuwghiithe first flow conduit 201 but where POEMUS2008/033024
no flow through the second flow conduit 202. In
addition, the first reference neter 291 neasures the
this émbsdlfriem/caatuecloﬂettWG setoouf pibkaftglasting 16Gi Rsor €amimclude one

on t 201 it generates the REFi value). For
setog %O%S"\A%'Qétflowis generated in the first flow

Fgﬁ Fctjzzvg@é n;ﬁlhgl'é ﬁ?ﬁW@bh&?t §3\)/ n@ﬁ’égtﬁgg acggfln l@;g\/ﬂl .

embg@mmma imveatjon t heth_t@emb@dfmew b”tmfhwtm@@z 20Din¢lndes a

comsd bt 8 Fotost o BhGE 202 TAZHON dngdsP P0TER Fhupled to

both8¢€ ars flolwoys Al 201 and $é triessedard f&)vam:h@uut poR. fih this
nmeter 200 15neasures a tine delay (At) for .the sec 3 g
embegdigyerd oprih ﬂowmnﬂmtrhatswepwrgf@w et iniginghsensers 210 an

t /T,
ST i e e
devu@ba"(rm:g shbenj cawprdvide dlowt fegukticarat floMoeodaridui t 202

bu{g re there
con'dti t

Sxs Smultinle Tow rOENGUdnat" obdZhiding e ar
embgﬁ%éﬁ%? %@ﬁ\\fe'ﬁﬁoﬁa%lg ér‘ﬁWoHﬁ‘ﬁ%t%clhB@s tHomoWIaEeN203, as in

e 20second flow conduit 202 (i.e., it generates the
FIG. FEEFlﬂowaNGE‘)Onl)FOﬂe peif pickeff sansoes 21 5ann 1Geats mCMeidnm this

et Rk 2 M Br B3 Hegures e

simuaREbus vibratiorld ofsthsthl fdvwbeomntigdthatd R02. REFi and REF2
val ues can be generated by twy dlfferent refer

et 7.8 phews piraultigle fiow ceP i iow) rpeter #EOppA Calfbie faeroet-up

260 \éeb&%%gft%ce%‘ e%o@%ﬂ?ﬁ%ﬁﬂe%ﬁ“&f&ne rlﬁ'?ﬁstén’?@édl%n@, where the
I'Agle ference ne 11). In step

multw@ﬂowtdwdwarﬂowma%darom@ has aepanaits trlets revalssapareie sutlets, first

b b
and 8Qcand Grie(ersy Belazol nrasa s sdelded ot tREbhltaldih®
proéé%'g__e "I'hIeQeﬁaer@ ﬁéé‘h?etb Pse2$§1 aKd 2abi Lk Folometarstthssak@Hdd to

FCF2i, and . These flow calibration
accdratalp nsasuee ﬂewwmntIwa@qmﬁﬁhﬁ% msiecurderdest isqglibrated

utation ¢l u
using P RaSH e n BT PR ARLpdE R ard 282, 1,
et The first refe'FBﬁé@ nester POWrbaruved thenfirstficly 4treakmieming through
The known (i.e., neasured) quantities are REFi, REF2,
the fitst flowuqoszt@@mnd gareratesa (7  MeRsueN® ke ITbg second
th
referenc%tme er 29t2hr$19§§6r%lsqﬂe%te88nd fiow strean)) gioww?g 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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z2 = At2(lib) The unknown quantities are the

flow calibration factors FCFi i, FCF12, FCF21, and
wOeChBA241Ihese FCFs are the values that are to BeT/US2006/033024

determned in the calibration 10process. This can t hen

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

AFIG. QﬂmmLOﬂMe flow gondatit flow petECER0 it a whbfa&@ﬁ&et—up

260 %CC%%FH,E? ra]n ﬁg%!p%eé% of ﬁﬁ; r}veéhWFCE):% Then o%!fl ved ere the
flow freterZ2dtrad afidgie inlet, thd fifdt and. s€@oAl re%?e@oﬁr%l’ers@@and
292 are connected to the respective outlets of the first and second flow conduits.
201 and 202. Flow through the first and second flow conduits 201 and 202 can be
controlled by downstream valves or other devices (not shown) that are in
communication with the two outlets. As before, the first reference meter 291
measures the first flow stream flowing fchrough the first flow conduit 201 and

generates a (i, ) measurement value. The second reference meter 292 measures

the second flow stream flowing through the second flow conduit 202 and generates
a (m,) measurement value. In addition, the calibration set-up 260 can include a
reférence meter 293 that measures a total mass flow rate (#: ) going into the
multiple flow conduit flow meter 200.

FIG. 10 is a flowchart 1000 for a multiple flow conduit flow meter calibration
method according to an embodiment of the invention. A basic equation for
calibration comprises:

{rile}:l:FCFH FCF,Z} {Atl -—z]} _ )
it FCF,, FCF,, ||At, -z,

In step 1001, the multiple flow conduit flow meter 200 (i.e., the device under
test, see FIGS. 8 and 9) is zeroed out. In this step, both flow conduits 201 and 202
of the flow meter 200 are filled with flow material, although no flow is permitted
through the flow meter 200. The flow conduits 201 and 202 are vibrated under the
no-flow condition and one or more flow characteristics are determined, such as the
At} and Az time 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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0O Atz, O At - z, O-- At; - z2 O At - z2 (-1) REF, OO

REF, 15l n another enbodiment, the nultiple flow
woansue#11t| ow net er 200 accordi ng to the i nvenPComSe®n/033024

i nclude nore than two flow conduits. For exanple, the

mul tiple flow conduit flow meter 200 can include N

f | divsiemtid, Jlovaisgemerated s thrpugiothé first fiaiv dBHdLItE0s

Durig e S e RS Goteb i Ans thedfrst Tefaresce e 281 measure
first lomdet dracteriBEcsTRES} éxaﬁﬁg@t, itf@ﬂ&ﬁ@%%%é?g%é%grrgégggﬁine delay

FCF2, FCF3, FCF1l2 FCF22 FCF32
(At} ) for the first flow conduit 201 with the flow being through the first flow conduit

201. The flow meter 200 measures a time delay (At ) for the second flow conduit

202 during the flow through the first flow conduit 201 but where there is no flow
through the second flow conduit 202. In addition, the first reference meter 291
measures the mass flow rate of the flow through the first flow conduit 201 (i.e., it
generates the REF4 value). For step 1003, where flow is generated in the first flow
conduit 201, then equation (7) becomes:

{;fz, } ) [FCF” FCF,, J {Atl‘ ~z, } _ {REF,} ©)
1, FCF, FCF, ||At) ~z, 0

In step 1004, flow is generated through the second flow conduit 202. During
the flow, both the multiple flow conduit flow meter 200 and the second reference
meter 292 measure second flow characteristics. For example, the flow meter 200
measures a time delay ( Az} ) for the second flow conduit 202 with the flow being
through the second flow conduit 202. The flow meter 200 measures a time delay
(Aty) for the first flow conduit 201 during the flow through the second flow conduit
202 but where there is no flow through the first flow conduit 201. In addition, the
second reference meter 292 measures the mass flow rate of the flow through the

second flow conduit 202 (i.e., it generates the REF, value). For step 1004, where

flow is generated in the second flow conduit 202, then equation (7) becomes:
{n’zl}z[FCF” FCFmHAtf‘-—zl}:{ 0 } | (10)
m, FCF,, FCF,, ||At - z, REF,

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, FCF42, FCF24, and

FCF22. These flow calibration factors are used for subsequent flow characteristic
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At, -z At2 -z, At2 - z2 Usi ng the sane
nomencl ature for this three flow conduit exanple, the
woessloe4i1s ni ne unknowns (i.e., the FCF matri XPCWUS2006/033024

equation 14 above) requiring three different flow

cal i bration points. At each calibration point of the
compuiaiienss ANGludiaginaimebpperationakdgtarminabias s oé massdlasy eate,

ong with the three zero reference 25fl ow

dens[tg’tc\g%&%?yi al i bration point 1 conprises: 21 WO

2000 244 haw Requbtidisaag 4 Udkhd@nkCR HeOHRAMCG183, measured)
FCF2, FCF22FCF23 FCF3FCF32FCF33 At 12 - Z2 At 13 - Z3

quaniiisy exspB661 0BEG24 44 18y, CALi, B¥tat hah ansl i, .2 ltchopitd besecalled
FCF, FCF2FCF13 At; -Z1 {REF21 REF22 FCF2, FCF22FCF23

that, R?'zﬁ‘fzziri’é’)g §tep:

z, = AL (11a)

z, = ALY (11b)

The unknown quantities are the flow éalibration factors FCF14, FCFQ, FCFyq,
and FCF2. These FCFs are the values that are to be determined in the calibration
process. |

This can then be assembled into a 4X4 matrix equation:

At} —z, At} -z, 0 0 FCF,, REF,
0 0 At} ~z, At} -z, || FCF, ] 0 (12)
At} =z, At -z, 0 0 FCF,, 0
0 0  A?-z A?-z,||FCF,| |REF,
Then solved with a 4X4 matrix inverse:
FCF,) [At'-z, Al-z, 0 o 17 (RrEF,
FCF,| | 0 0 At ~z, At)-z, 0 (13)
FCF,, At} —z, At -z, 0 0 0
FCF,, 0 0  At*-z A?-z,| |REF,

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)
my) |FCF, FCF, FCF, ||At,~z,

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:
21



REF23 - FCF31FCF32FCF33 At32 - Z3 Calibration point 3

conprises: _ 5 REF31 REF32 ..--- FCF, , FCF12FCF13
WOCHBVEOR22FCF23 At; - z, At23 - z2 (17) REF3BCT/US2006/033024

FCF31FCF32FCF33 At - z3 Assumi ng that all of
the reference calibration points are different, it

lAEFbel F@Wn”echlmr %‘Frm & that REFIT =0 for (i)

ula e assumed that REFij =
;’% ﬁorﬁggar e ~ %l s vvouldleadjtotﬂé)

assREﬁ’p;l o F‘Cﬁgt RELF;IZZ ECB, gl t-hat REF22 (etc.) =

CREF. This produces nine equatl ons and ni ne 10unknown
c @adlibrattoropoihbR2toonspriskBese val ues can be assenbl ed
|nto a [9 X 9] matrix equatlon whi.ch can be sol ved

sy ' 815 |ﬁ€é*“qzseF_C£§ AgwnzHel ow. 1FCF}=[ A7r)
(Ié':@zz FeANCFCH M FOFGRlALS- 2 )9 X 1] matrix, (1)
REF,,| |FCF, FCF, FCF, || At -z,

Calibration point 3 comprises:
REF,, FCFE, FCF, FCF,||At -z

5 REF,, } =| FCF,, FCF,, FCF, [{At; -z, (17)
REF,,| |FCF, FCF,, FCF,||At -z,

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

10  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,
15 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, || FCF,, - FCF, || At, -z,

; . : : : (19)
iy || FCFy, -+ FCFyy ||Aty, -z,

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

unknowns, which can be solved with the matrix inverse:
20 (FCF |= [AT]"" {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.
22
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where the term[ATI-1) is a [9 X 9] matrix, 15and
where the term{REF} is a [9 X 1] matrix. In nore
waqgenwriakiiterns, for N flow paths, the basic eqerariuszoe/033024

i S: This requires N calibration points, resulting

in N2 equations and N2 unknowns, which can be sol ved

WiRIB. iHeshomts & xalibratos eet@0t FFacgokdingt R emibedimeieof the
, t.erm FCl is,.a mat ri ere the term
invertRry - 1je PSS SHR) U fnclideiohene Sore T Lpiyes 294a and
294b(é¥ﬁf é si n}qlé‘ réfifentelhefBHIg3X . The/ist and second valves 294a and

12PCT/ US2006/ 033024 FIG 11 shows a

294bceari be sohisalletbtouporiled adissidtay aticem througibibe firshtiowfconduit

2103, 1 eoRYF L Bionl o S BSOS st AT AP oL 2. or
conduef gicentinadiien st@3am tHreudh bsth Bowl coadaitsi2ved \aesi 2%4a
and 294b can be controlled to conduct a first

st taafRferansagnetene98iis stowndoraien giter ththvae pe%@% sensor flow

R r g
et S50 815358 AT, I ERO0A W cachoo
linest tireoredérenoe métep208 ¢anld/ot the2ldlue @842 B0M.294b) can'ltleelocated
refer is shown |ocated after the three

2
upstr&agp(gfphesfgwgmeteq 2@9 nmeter 200 and after the val ves

2%§heme bedderSRMRMALL foa%aﬁm\tvan @étamm@smed/ahuésemsﬁ and
the reference nmeter 293 (and/ t he val ves 294a and

REF2empyenanatekby draraldrergeupstar @&ﬁn gifdifferent limgs mérasexample,

currE8 captyerion s Sa e RE PN GRRbE0Rob g Bisptey cgnguit 210
is ge@@?&ibdttﬁﬂbﬂamrﬁ@ﬂ\d frkevalne 2odataTd ae&ngtthdlsewh@malve 294b
times or exanple, during a calibration cess,

The fgfpegncel raaaewre@rsﬁﬂttsﬁbeewrttwegqnqrgie f%wecr@ gnee m@sr 293 is
at b t I
the RiEE R TR e ARDUYe 2B 5 cibelitn R Miaive 2040 i
open@ﬂmmrdms’rd creetes’df@lmmdny! f@wﬁrraughithwsectmd bdwe condeit 210b.
neter 293 is the REF| valu the first valve .
The PN Tapeewt e St heS Qe DO A ts g4t @tf?fﬁaﬁ%aﬂ?‘ﬁf 2931s
the F@Eﬁ?(/alh@ create the second flow through the second
ow conduit 210b. The reference nmeasurenent

sulBEEeq‘lﬂemdws Heneudindel flow qomeluitdiour @meter 2RG é@COZQ®9| tg an

e AT Rt BT S R LS B AR g 210
includ@e dnivevidu indut 21Res2 B odowentr, attaf thd flow Gmmldllis ©210a-

210a-210n includes an indjvidual input 212a-212n.
210 ke a singlesiutpye? 13. oWRlves gante l@@@gﬂwaﬂe@m PR a

T L

210n.hAsEgresuligthiel thnptmﬂtwtcs»nﬁﬂﬂ)ﬂewZﬁétemrZOOAEarableed lJmlﬂ|tlple flow

the. nultiple fl ow cond fl ow
streqmﬁﬂnte@es@ ot PSR St he sl FEhEh G Vil Bonsttuents of
the SUtpet ﬁO\?‘éir@HFn Edrdbe 'nﬁ‘ékaéde?lthé?ﬁﬂuﬁtplé 'ﬂ@ﬂ/téorﬁfu:ttfhﬁv meter 200.
out put flow stream can be netered the nultiple flo
c olndthietinv¢ntionthe loa @haracietistic meaemanmntsaﬁe Sﬂbeiﬁnhaﬂy

o SRFREA TS TP T B BRLADN gl o o

art, & davestibERES twhldk inkeretflvay pohdUitsINat &re @eriucﬁag two or more
vibrates two or more flow conduits that are condHctl ng

indepgadent fiay streamep ditlikatthe Insipr ity tieniiow sHepRts eabllowidbr
; , gt

cifiefet i Urfike BRPrcd, he ol sfe e BN ndverorent

densitié$.eUmiike trenpridr am therilokeornditspraindnaver diffeting cfossasectional
conduits can have differing cross-sectional WD
2008/ 024112PCT/ US2006/ 033024 areas. Unlike the prior
art, the flow neter of the invention can include
mJItl ple flow conduits. Unlike the prior art, the flow
neter can share drivers, elimnating at | east one
driver.



Advant ageously, cost of the flow neter will be | ower

due to the sharing of 5conponents. In addition, the
wovearsakéiisi ze of the flow nmeter (and a conpl et 8CT/US2006/033024

nmet eri ng/ di spensi ng systen) can be reduced. In

addi tion, sharing a comon driver can reduce power

area&owﬁr‘m@m@ﬁnm aepaklbasmete dftthé irsaintion ozh iaclsdeghetiple flow
smal | er el ectronlcﬁgomer source. CLAINS

conduitai kindke she prior athetiow @eterrdwrb@mra.ctﬂver%ﬁﬁm%vng at least
é,OO) conprising: a first flow conduit (201)
one ﬁﬂuotlng a first flow stream 5a pair of first
pi Adseirita  $0623Be O Inedd f Wikdzk lower ldeeftbrte shadng of
condui t (201 at | east one f | ow, condui,t
COMPaIENis c%ﬁ@@%‘%g’fhﬁtovleéad%?'z% ﬁ?%ﬁ@wmﬁ@r (@, corriels
al t b@ﬁvnondnver
metethBRIG Tt SPABH PR BRHLSENS In UBMR: sRamea
can feelast pmmferpmnsumptladmndleneéileepif@&ldifllzats@m§6ﬁ§"(€ﬁ§&°ma”er
216') affixed to the at 10l east one additional flow
eleClrNa ROWVE $§9YCC- and a conmon driver (220) configured to
vibrate both the first flow conduit (201) and the at
| east one additional flow conduit (202) in order to
generate a first vibrational response and at |east one
addi tional vibrational response. 15 2. The flow neter
(200) of claiml1, with the flow nmeter (200) conpri sing
a Coriolis flow neter. 3. The flow neter (200) of
claiml1, with the flow neter (200) conprising a
20vi brating densitoneter. 4. The flow neter (200) of
claiml, with the first flow stream and the at |east
one additional flow streamoriginating froma conmon
i nput. 255.The flow nmeter (200) of claiml1, with the
first flow streamoriginating froma first input and
the at | east one additional flow streamoriginating
froma second input. 6. The flow neter (200) of claim
1, further conprising neter electronics (20)
30configured to vibrate the first flow conduit (201)
and vibrate the at |east one additional flow conduit
(202), with the vibrating being performed by the
common driver (220), receive a first vibrationa
response of the first flow conduit (201), receive at
| east one additional vibrational response of the at
| east one additional flow conduit (202), and
determne a first flow characteristic of the first
flow streamfromthe first vibrational response and
the at | east one additional vibrational response.
57. The flow nmeter (200) of claim1, further conprising
nmeter electronics (20) configured to vibrate the first
flow conduit (201) and vibrate the at | east one
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additional flow conduit (202), with the at |east one
additional flow conduit (202) conducting at |east one
waddadistoeonal flow stream wth the vibrating bePa@usS2006/033024
performed by the common driver (220) and with the at
| east one additional flow stream being 10i ndependent
of the first flow streamCLAIBES ve a first vibrational
es S f the first flow conduit (201), receive at
Wha{'gaciqoﬂbeﬁiegaddltl onal vibrational response of the at

| east e _additi flow conduit (202), determne a
T tif g{Ultmq%\R}O&\h%@glﬂtgqu\émeéero(fZOPb,ézqrprp@?(lng| ow stream
[ 12Pfvst 6w ddalit (BT ALdrRIRlinG S3RERGY idghhe at |east
one addi ti onal rat1 ona esponse, 8 determne a
seciait of fiksivp aeneoiss(2i1o, aﬂ5t)laﬁl>@1d tbehs ffirgifiew conduut (201);
f fiesivpitkaff, (211

S o AR TS it T acoions

r espongRw steamh@ith tRaVatRL8t oﬁ@%%lt@fnaﬁl@»‘v@tr%anﬂf gEiger
conprising meter el ectronics (20) configured

det er m'ﬂ@el@ﬁd%pffhaﬂ%tﬂmﬂéﬁﬁém stic and at I east one

| fi.r st
4800 4 AT IEIoRL%,8, pe =
vi br at nemtlorreeacnmmuﬂwmwmu;tqaazpidnd= FCF i (A" -

Atz . )+ FCF12(At12 -
gﬁuﬂqlp #rn@“%}@ﬁl rglg)ptgggtg) YiRtate b_otmﬁte flrsj ﬂQW(cg_)nduxt (201)
TCZ X Hid the atﬁgfﬁ%n%o@{ﬁﬂ% cfn]dth(?OZT nhér'ae}tq Jenerate
order to determne a first nmass
t he fi resfirst kaw‘atmnaémﬁp@ndeansiaidealstma@tﬁﬂbmvma'aeonal
(th2) of the second flow stream 9. The flow neter
(200) dPSRYFGn 1, further conprising neter el ectronics
(20) configured to determine a first flow
characteristic and at |east one additional flow
2. cHaedftawmeler 2aMiohglaimel, withstheviayy araten&@00) espprising a
| east one additional 30vibrational response
COnd'ﬁQ‘hoWu@te;’f‘%rns thl= FCF"(At, - Atz,) x (1- Tc, x Tm) +
FCF, 2(At 2 - Atz 2) x (1- Tc2 x T| n2) and 612 =
3. F@FF%ZNCM nZeter (100) 2F ¥lalrh-1, Tath the TR niet&EFERD 266&) prisim{ &
)x (1- Tc, X n|I) in order to determine a first mass
era?‘ﬂ‘@)ﬂﬁﬁ%‘i@“?iﬁﬁ ) of the first flow streamand a second
mass flowrate (fil2) of the second flow stream
10. The flow nmeter (200) of claim1, further conprising
4.  matherflel ecsten (R0 of 2RIm 15 withnthiedlrseftbw etrzanpamdithd Aideast

diple flow condujit flaow neter (200) for a
one %'ﬁ'%‘%&?‘PW@tﬁ%‘E@éQm%@Q rogg & P ikBYe reference
nmeters (291-294) in conmunication with the multiple
flow conduit flow nmeter (200), neasure a first flow
5t ITMQJW andter 00) lobwladrorid wiith tm(f@t fodw tstreanucbrhgmda@g from a

, t fl th fl
rt AR R i OB AR TS S
inputr ef erence meters(291-294), 1Oneasure at |east one

addi tional flow through at | east one additional flow
condui t (202) of the multiple flow conduit flow neter

©. ;ﬁg]%f?@g Re on (lﬁr:fa%rel fﬂ# er&ﬁ‘géj %Jr%é lnfgye@%%{rﬁé%)g%o

conflgwmddet\,ifﬁlsratmﬁwd Nvef faow lrafonftlut (20t )ngdd \hbﬁte dive bakiaet sne)

L F or t ti,ple ow, condui t ow neter (200

add“@)é'cﬁég‘é{ Pkt (2920 B 168 VITEING BAIOcRETAMadhaY tf@n%ommon
f f

drlvetagﬁ()iz f@h/leaéln ﬁn?’g{ gﬁ)rm é‘éﬁﬂﬂserclilf;th%— Bt fio%%ﬁtr (201),

receie¢ et leashpos a(dﬁﬁbonebwbrqjmnedretsoodeeexf mmat blaet on® additional

nore flow calibration factors (FCFs) for the nmultiple

flow conduit flow nmeter (2§0) using the equation 20
{FCF11 FCF, 2 FCF2, FCF22 -z1 00
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Ati2 -z1 At -z2 O At; -z2 00 -z1 0 At; - O At21 -z2 O
At22z2 -(-1) REF, 0 0 }* REF2 12.The flow neter
wO020@)jo20ifi2cl ai m 10, further conprising neter PCT/US2006/033024
el ectronics (20) configured to determ ne the two or
nore flow calibration factors (FCFs) for the nmultiple
flow toralmitc@0@yi and determitees fi(2 GO crearagtetibtic efthat firehflowSeam
71 25 |

from m&vsém%/rw/ Femet least goaaddlivaaisiraliondlod

respdde.@ multiple flow conduit flow nmeter, conprising:
vibrating a first flow conduit conductlng a first flow
stream and vi brating at |east one additional flow

catotdu bl AP b, e dF B g rER: Plecopisneo
conflgﬁrddht@ ibrias trid fret dondisnbLit (201) and vibrate the at least one
additional flow conduit (202), with the at least one additional flow conduit (202)
conducting at least one additional flow stream, with the vibrating being performed
by the common driver (220) 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 (201), receive at least one additional vibrational response of the at
least one additional flow conduit (202), determine a first flow characteristic of the
first flow stream from the first vibrational response and the at least one additional |
vibrational response, and determine a second flow characteristic of the at least one
additional flow stream from the first vibrational response and the at least one

additional vibrational response.

8. 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

my, = FCF, (At,, — Atz, ) x(1=Tc, x Tm, )+ FCF,,(At,, — Atz;,)x (1 =Tc, xTm,) and

1y = FCF,, (Aty, — Atz )x (1—=Tc, x Tm,) + FCF,, (At,, — Atz,, ) x 1 —Te, x 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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receiving at |east one additional vibrational response
of the at |east one additional flow conduit; and
wdebwrozdnegng a first flow characteristic of thecriusst6/033024
flow streamfromthe first vibrational response and
the at | east one additional vibrational 10response.
deterbdine Bhfrsimeials dloef ratd &inn) df3heviimstrfowi stré@madnd @astondenass
addi tional flow conduit has zero flow 1515. The net hod
flow wfte ¢lig) of the, sedoaddlaw stieamt | east one additional flow
conduit is conducting at | east one additional flow
stream 16. The nethod of claim 13, with the first
fl I it :
10, T AL BRLP LAh BF il € ke oG 8r plitiopies (20)
configetddod zsfo ouatha r:ttBl Itiphe ﬂbwtdm\dbntrfmw lﬁ*iedxw (@00etona calibration

procgi Yatipy! dhiap Ficoseerenss BeIgPnae T AGH o Bmuisiaiipn with
the nuaxe- flo%é&wdﬂ?ﬁﬂdw*rﬁ‘é}@r 92.‘00)' B4 a Widt oW @rdligh 83ipdt flow

one additional flow conduit conducting at | east one
condad 201 )oidhe mnwtiplet flava aondisit ﬂw met@é aipingthe meltiple flow

concliiBl el GRPERT ARhg"ab Wbl Bl Er dfbiers a0

mea@h’éfaa%ﬁtlo&bl addiiorid €loat thi@ast atd@ést&ﬂw additiahalfflosconduit
treamfromthe first vibrational response and t

(202] gkife BHEPEARW CORANT JPMESIeH RAPOX i Hiemugip! qﬁow@ndwt
flow ﬁ?ett&o@o@ afl %l'sm&;]ft’ﬁhed\#é Br %e gﬁgﬁrﬂgﬁmﬁﬁ%rg gﬁéh%@mk ciand

| Fst Vi response
detetrhleeaWOlceaﬂmreoftmN adiitbrietion ddctorFfsriat theemptipteflow conduit

flow ﬂ%%g&é%@? ugllng flg@??owcgge%qrﬁmetn%\%]d)anxat(I:é_astT Sné agai%bplgl flow
mea&%ﬁ{@ngZPCT/ US2006/ 033024 and th2 = FCF22( At 22 -
.222) X - .C2 X ...+ FCF2i (At 21 - Atz 21)x (1-
re X Tinl) in TTi n,, order to deternmine a first mass

1. ¢ B PR e GOB i 0 J0R% SAbAREg inSBEBERRS (20

conf@atfélptb @dtefrhmenthd Iwovdrtrhoiteovd ebkibration fgctbry (AGHs) for the
ITPFI sing using the first vibrational response and

multupi@ QW cpagdit ﬂ@WemﬁFﬁﬂl (£POhesing the a8palR) response in

equations thl FCF, , (At, Atzi)x (len]C + FCF12(At 2 -
FCRu2 d)Atk—el- Mre2xTnz2)0and 7/©2 4 FOREB(IAt Atz 2) x
FCEL1 Te2xgn2) + REF21(A8 L~ T Ad ¢ - ¢1 xon order to

étrer|m jpe a figst mass f1ow r@te (t |Q) f the first.
FCfyow | ¥t edm #¥d—#2secofd 10ma¥s fll o atle (th2) of the
FCgggond fdow str@am A} zThe\sfretygd eREE] jai m 13,

further conpri sing:

12.  The flow meter (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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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 nultipl e 15f POWUS2006/033024
conduit flow neter; neasuring a first flow through the
first flow conduit of the nultiple flow conduit flow

13. netfemeasuregnértemethlotifol @ rhliigiplecisvdbid it AdWRERF, BMprising:
ef erence neters; neasuring at

FZ& a@% gkﬁ%ﬁfﬁ%ﬁn&gdetf'{%Wdtmt'@gganﬂ%hﬂomstne@mﬁndrvdoratmg at
addi ti onadst oAR JdarzPReY cf}on?ifwtt ?/ﬂh T LR M o Cié%lﬁgtperformed

conduit flow neter using t I ple
fl ow metyra Mmmdrg/arhe one or nore reference neters;

te flo libration
P ST Rt W B
nMetr&teivifl 20 Idhsh bhetadditdM I Rsat @r@"r‘és ot tRE ot gé%%% one
one 25additional flow neasurenent. The et ho

21 wi t Rdgiienakiiew epndvig ashpri si ng det ermning the

f f for. th )
PR BGPTSR R LR e

F 1CF, ibrhtiores vespomserdbiclthrdtadst orfd) adid?al i8Rl

OAt,' At12 z2 {REF 00- z,-, O }" At12 - z 200 Ati2 - z

, At - $PSPOMREBF2 WD 2008/ 024112PCT/ US2006/ 033024  23.
The nmethod of 21, with the determ ning conprising
determning the two or nore flow calibration factors
14. ( FChe)mebodidielaiml 13, phieerkiroivecatrdasttorfd auditi@ta flowstariduit has
Zero{ﬂow.i | FCFI | FCF, N AL, - z,

15.  The method of claim 13, wherein the at least one additional flow conduit is
conducting at least one additional flow stream.

16. The method of claim 13, with the first flow stream and the at least one

additional flow stream originating from a common input.

17. The method of claim 13, with the first flow stream originating 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,)

28



10

15

20

25

t he equation: 7i 7N _FCFNi FCFNN _ At N- z N5 24.
A neasurenent nethod for a nultiple flow conduit flow
waorRb@ro4laeonpri sing: vibrating a first fl ow con#airtus2006/033024
conducting a first flow stream and vi brating at | east
one additional flow conduit conducting at |east one
and A&gdi FCBpehz,f L aw, St(eamy, sfiul) + REFYi(br,at ag, el Adc, x T, ) in
performed by a comon driver 10and with the at Ieast
ordeotoedatddhineon fitst imass fitw eaten(be) afthenfirepiewl sineant anche second
first flow stream receiving a first vibrational
masg B\ sakse(7of) afiee speend flPwstiedRdui t ; receiving at | east
one additional vibrational response of the at | east
one additional flow conduit; 15determning a first
20. T110% SletfbEaaMRaBenitatthe dbtamitiRg flifthed cormbridihy @BRIg the
response and the at |east one additional vibrational
first vietionskresandselend the af legshone easlitiopakvikertianad rREPONSBW!

oA SSPA  A ATT
. 20 , 25, i Y .
ans JESZPERS PO 20 000 TRIEH ol v Ut By o
ordefrg ﬁ%}@weg% 'ﬁ?ét'ng%sf ﬂmﬁte‘{gﬂm&'ﬁtﬁéﬁm flow&freah@nd a second

alm wth th rst flow stream

masQﬂb@’/irB?égzﬂg) bfitaBIsechhd Abw2SitgEp! and with the at |east
one additional flow streamoriginating froma second

i nput . 27. The nethod of claim24, with the
determnjn urther, conprising.using the first

21. v %megh%‘go}E'r?HBﬁg’eﬁé{ﬂ%rtqqg‘&fs”?%ast one addi ti onal
Vi ety feeldWcSRAALREW dRstet fok scdiBiratior Pdcess;
) %zr?% A O (AT T g 3 10 ﬁ‘td |
Tczerging eiz)orgner inore refeEree Maters in campprmigatipn(with thepmultiple

X Tin2)gt FCE2 f21 -, Atz 21) X (1- Tc, x Tin,) in
WO 2008‘7@%5??%%@?@8@6’/ 033024 order to determ ne a
f i fpsbsmeg afflrowidvatiebugh thiderst lost cdridunt of the amltid flaw

second nmass flow rate) of the second flow stream  28.
The net e@mwﬂwmﬁewmwfb%mtﬂ@plsém'ﬁ@fmwgﬁ%m%?and

COMPI | 31,0044 Bfle!itn Gl bRrelbETAsBARA response and
the at Igast one additional vibrational response in
equlas0risg iahjeast BOE/Hdd{tianal flowtatougk the-at kst engiadditional

+ FCF2(At2 Atz2, 1- Tc2 Ttn2) .and uh2 = . .
FCF22( ,(A\{Igw_cogégﬁgo;ﬁ‘(élmuﬁttpie Qéwrﬁogyd)ylt&@,\i\ér%(ei?rlus_m%l}ezwltlple
(1 - Tcqow &?n)@h?t fﬂbw PEARadOuSIRg BidTbAE o nidreSbierBsce meters;

flow rate of the first flow streamand a second
mass fleadrate (th2) of the second flow stream 10 29.

Thge{é?rt'nri]nqgg vao %lr ?ri\orpezf%w I:éi“btrgﬁcgn ?%xrsi (f—’idF%:) 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 0 REF,
FCF, 0 - 0 At —z,  At) -z, 0
the equation 124 1 T2 2 "2
; FCF,, Atlz 2 Atz2 2, 0 0 0
FCFzz 0 0 AZ‘]2 -z At; —Z, REF2
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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; 15nmeasuring a first flow through the first
flow conduit of the nultiple flow conduit flow neter
using the nmultiple flow conduit flow neter and using
the one or nore reference neters; neasuring at | east
23. ond hgduethiografi2 1, véth therdsigmining eampisisg defrrmining the two or

iti . f ' f. .
moRiRH S rlon/aciors FeRe &1 heruMETRYY bhadlit o reter using
20f | ow ¢gndpiFtcH | ow. negdcgr Az using the one or nore
referenge. neters; and det’efjmiding two or nore flow

the @aPaYQ"g i on| f act ors- (FCEs) [for ‘the mul tiple flow
condui t | #l,0WFOEYer --usiFay, a | fArf stz f)l ow measur ement and
an at | east one additiona | ow nmeasurenent. 25 30.
The method of 29, with the determ ning conprising

determning the t or nore flow calibration factors . .
24'(F6F'§‘?3F%rr‘3%9?fg rﬂﬁi%d.d‘?éafm Pl pendubip et g ising:

- vibriind5igst W donddit cdMductifgd frsPbw steanfbhd szbrétir‘?g at

Al2 - z,7At;r - z2REF2 00 0 O} FCF, TAt - z, Atl2 -
z200REF ezt one adgdticngpl dowaendutreondECHiey aflleawione additional

B O SRR ST AR 8 Bt Brver
det er m ahagvithehd adeast oy &ddifmsalfDWStréAe RN iddependent of
the first flow stream:;
receiving a first vibrational response of the first flow conduit;
receiving at least one additional vibrational response of the at least one
additional flow conduit;
determining a first flow stream characteristic from the first vibrational
response and the at least one additional vibrational response; and
determining at least one additional flow stream characteristic from the first
vibrational response and the at least one additional vibrational

response.

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
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At N- Z NB532.Acalibration nethod for a multiple
wolows/eoneui t flow neter, the nethod conpri si ngCT/US2006/033024

zeroing out the nultiple flow conduit flow neter;

zeroing out one or nore reference neters in

ordeﬁ%{’cﬁ(;%{;@hij@tei é’ﬂré’é’!rﬁé’séﬁ@i\l :ﬂ%’t'tet(ifziﬂb &f fHeofysE ApRWitteahh @Wd a second

measuring a 'Ow t hrough a first flow

mas§ 868 4hte Of., iéTah8wbtbnl dloi imsaeendui t {1 ow meter using
the multipl’e flow conduit flow neter and using the one
or nore reference neters; neasuring a second fl ow

t h at | t [ ti . ' . ,
O e e L A e TS
first fibPWoP@nispont b AW LRERY fa A bA e Uit Hah eibeattore resgense in
reference neters; and determning two or nore flow

equatioing bia IREF, f(Act-oAs, Y-HCFSY, % B thECRu(At, pliézf)kd-Tc, x Tim, )
conduit flow nmeter using a first flow neasurement and.

and ain ?F ?@?{Qtz -oh\ts, raditFeordim. t i fedéur efreht (1 20 éfl"?’%g‘
met hod of 32, with t d Nl i si

ordeige PigrIRGa T8 DRSS PwiBIl i)t el R Rk, A arg g socond

masHEnGhim TohorERraeopd e e Forry AT 0 A2
O At; - z2 0 At: - z2 00 At; -z1 0
29.  The method of claim 24, further comprising:
zeroing out the multiple flow conduit flow meter for a calibration process;
zeroing out one or more reference meters in communication with the multiple
flow conduit flow meter,
measuring a first flow through the 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 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, Atl -z, Aty -z, 0 0 REF,
| FCF 0 At -z A -z, 0
the equation 2= ’O X P 2~ %
FCF, | |At} -z At -z, 0 0 0
FCF,, 0 0 At} ~z, At} -z, REF,
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At12 - z1 At At O -z2 0 - z2 (-1) REF, 0 O REF2}.

34. The nethod of 32, with the determ ning conprising
wdeb@rzinezng the two or 25nore flow calibrati orCTac®E®33024

(FCFs) for the multiple flow conduit flow neter using

{ ti:71 }- FCF, 1 FCF, N - At, - z, the equation 1N
31. Fcﬁhe methlédl-‘QﬂIQQ V\Mhrdetermlnlng the two or more FCFs comprising

determining the two or more FCFs using the equation
my || FCF, - FCF, || At, -z,

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

5 32. Acalibration 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;

10 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

15 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.

20 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 Aty —z, At} - 0
the equation 2= ,O , A AL
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
25  more flow calibration factors (FCFs) for the multiple flow conduit flow meter using
my || FCF,, - FCFy || At -z,
the equation : : :
iy || FCF,, - FCF,, ||At, -2

N
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