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VI BRATORY FLOW METER AND METHOD FOR DETERM NI NG
VI SCOSITY | N A FLOW MATERI AL Background of the
woposntioeh . Field of the Invention The presentCT/US2007/064007
invention relates to a vibratory flow neter, and nore
particularly, to a vibratory flow neter and net hod for
determning viscosity in a flow material. 2. Statenent
of the Problem Flow neters are widely used to neasure
the characteristics of flowing fluids, including gases
and 11 %’l‘ﬁﬁuﬂﬁvﬁ%&ﬁﬁfﬁﬁﬂ &ﬁo"ﬁfﬂﬁgﬂﬂl%ﬁn‘iﬁsﬁmmmc
flow rate and a density, fTor exanple. e
characteristics CHCOSITYIN ARILQWMATVERIALI ty of the
flow fluid. Viscosity is commonly defined as a neasure
of the resistance of a fluid to deformati on under a
shear stress. |t carBakgpowfd dhhedhvendomns a
resistance to flowor a fluid friction. A viscosity
measur enent may be needed in many situations. A
1. \Fiskisfthey/Iivesasan ement may be needed when the end
prodyct is desired to have g, predeferm ned viscosity.
Ex aﬁeége%%l%%?n BHHtES Wi R %%W@&Wé,m%@ﬁgmlaﬂ% toa
viﬁrbﬁygy f156ahktel aff methidd FoHIEREmAhing8fisdasity Rt flewahdrerial.
product nmay be required to fall within a predefined
vi scosity range. A viscosity neasurenment may be needed
2. Wradehidhi 8188 PRoBiBR Production of syrups and other food
products. A viscosity may be needed in order to . )
contlleW magtersivae widedy pycd tameasergshe rharagiergdics of flowing fluids,
inéﬂléiﬁ? %ﬁﬁe% fand @?&'uﬁfs: ’I%%h&ﬁé.@t%ri@tﬁcsvdaﬁ GTEAES asSs flow rate and a density,

rotafion visconeter, wherein a body of some sort is )
forenampdel The eharpgipmsticyigan fusthse incluglsi a decasty péttfediaw flmed. Viscosity

is E&E&Bhﬂﬁ@éﬁeﬂ%@% lfﬁe%gur@# tljlesregi‘%mcé of QﬁLIthS dteﬁﬁ'nﬁggn under a shear

Vi scosi'ty neasurenent. The rotation visconeter
stregsavibearkalso bothought offas rareistengestotflvat ot Mfuid fiicdos.anpl e
must, Q%csggpéﬁgé*sui&%ﬁt ‘iﬁl& [ Refed iIP&Qr%'f %iﬂl%gbﬂs. Ok 48dcolity
nmeasure | vI'scosIty. S0, various ur ds rray
mensinehieht magbeatkedaingken theend posduct/is-desisedmodiavas praletermined
.or der s_of nitude in so C s. Therefore, .a .
v1§98f1§f.is]8)|;]ar(}ﬁ§% are mator ﬂ]é%/a dg(?tpsrralﬁhg%zﬂ-[s, gsfhegeo{bg viscosity of a produced
or v¢fdPetiobaminbpioduetymapbe bruired to fulli witltin fagiredefmsd visegsity range. A
.Vi scosi t¥ of cert a.Ln fluids and g\axf not er.for? wel | doth
VISEOSIRY BRBTReT IR 0% Pesdsd Of reawred i e predirtion oF syupg pnd other
fobBpradin s e M vieessity ey b neidpd irCéddeOSconhier 6r dhagactkaide @l industrial
needs to be cleaned and cannot retain the flow
PragSerial, such as in the food industry or in the

chenygabmérs exist. One type of viscometer is a rotation viscometer, wherein a body
of some sort is rotated in a fluid. The force required to perform the rotation is measured and
is used to derive the viscosity measurement. The rotation viscometer has drawbacks,
howcver. Forcmost is that the fluid samplc must be removed from the proccess pipeline in
order to measure its viscosity. Also, various fluids may exhibit a great range in viscosity —
as much as four orders of magnitude in some cases. Therefore, a rotation viscometer may
perform well at some viscosities but may not be best suited for measuring viscosity of
certain fluids and may not perform well at higher or lower viscosities. A rotation
viscometer may present problems in applications where the device needs to be cleaned and
cannot retain the flow material, such as in the food industry or in the chemical or

semiconductor industries.
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sem conductor industries.Coriolis neters and vibratory
densi neters operate by vibrating one or nore fl ow ubes
wo bas/1amve3 conducting a flow material. Such vi bPEL/U83007/064007
fl ow nmeters advantageously do not restrict a flow
during operation. In addition, such vibratory flow
nmeters conprise essentially snooth and uni nterrupted
conduits that are easy to enpty and easy to cl ean.
This of fers advantages in many fl ow neasuri ng
env '(fd?mﬁ@ M ters 2HE 'Werto%f dérﬁﬁnéells%tp'e&@e €¥ Wb%tﬂ%o(mé JrlrfdYe
meter for determning & viscosity eri al
flowgubnsdlrit dediconsuoiing mgowanaﬁqnehtﬁmhrmbmtom flolvemeters advantageously
[ f e
dol 18X R U Aok Bl byt loh, 1o ARl *fpch UGl o HERR!comprise
esfentigllyrsthesthand ugmnait@i corfdiuits thatraxeseay tvemptiyeandreasy) to clean.
fso(;ffers ahvan fel % ﬂogvndeé%use on\(rjir(;m SSnt£I ow rate (n)
or 4 decon tio u%e THES W m?? oW met er
further conprises a rS:mlmm'ylofehoSolﬁntma | ocated in the

first flowtu The restrictive orifice ur es
i1 & viordi g e e it Pl o SO Rpagrafls ovided
acédrdimtgllb an Ieﬁlbbéﬁﬁedt béthednsationd Thebramie flofv hber Ebmptises a meter
rial he second .fl owm upe fl ow

b
asPERELY confis B BRIAGS dRY (BLot8 Mgy AP Foer i p frst mass flow

rate§ 7Y R A0t AGHRILE] @ 4 @caid ARRCALWRAE (9f,) Y& second flowtube. The
i nvention. The vi bratory flow neter conprises a first

viliratoyy flbw meteefuyihaycemprisesa rpﬁncmmpreﬁcciotatmm@p drjtflowtube. The
re&ﬁc fd&f?% %&‘é’? Hht 3 Biest How ﬁ‘?é’%%@ flo%F i Hélﬂmachg %‘Edé%g%wmbe is

on 0 oW rra erlal’ as a second
lesrsolmmsmtond/ ﬁpwtrhmOf tBe fowfmagarigdn the ebsd Aotvhdlel vy
Si mu etheflrstflo

{ eous c? T det 11 S1 ok%e t?nd talg%al is provided
seconéi Re U FBFETOMR T VSWIE 8 UV 1156y p
acmmmgl ts @f ehﬂbbdﬂnqmt oK tifef ing@nar STheotibratpuy ﬂdvst hege nezhptises a first
rst _vibrational. sefro the_first fl owt
vt e GrbPatich AR TR piedl b5 A Rv bbind Howtube
recfdnamg dRecon@poriidn bl flokemariakes f sce6né 666/, hisd 5bBématdn driver that

25 &}’?%#ttg?sglﬂ% rt‘? fl 3 %‘JIPQ%W nd tl'g@’(}ﬁ%% glgfulglcl)l\),g ankc)i the second

ﬂofvﬁﬁt)é | Thd VBra%ﬂyfﬂ(ﬁﬁ rﬂe&ﬁ‘ﬁﬁlﬁﬁ’erl danipied thie pibkdTbdnBrs cbifigured to
restrictive orifice is smaller_than a | ocal fl ow ube

geperaipet st wibeptional regranse oy e Jjrpt flovgtube and a seqomgvibrgtional

redpoh§d frinQKe kol FloSresd. GAOST thB enre € pRROfTTsERWrs A shared between the
vibratory flow neter for determning_ a viscosity of

firsy Rpwtehe and Hie seeons emtybe Abe yibaatary ﬂ@wamtern@&apmpnses a

reictiori L6904t in thE SirMifRAWRLOL YT RYriRLE Bnﬁemrénﬁﬁﬁr than a local
first flomube receiving a first portion of

floveube digmetes agd the reptrictivgwrifice ensuras thatdhg fise ﬂp@/cle |dvﬁf¢rgnt from the
Seﬁ,ﬁeﬁ&pd portion of the flow material as a second

ow, and a common dri ver .
A vibratory flow meter for determining a viscosity of a flow material is provided

according to an embodiment of the invention. The vibratory flow meter comprises a first
flowtube receiving a first portion of a flow material as a first flow, a second flowtube
receiving a second portion of the flow material as a second flow, and a common driver
configured to substantially simultaneously vibrate the first flowtube and the second
flowtubc. The vibratory flow mcter further compriscs three or morc pickoff scnsors
configured to generate a first vibrational response from the first flowtube and a second

vibrational response from the second flowtube. The vibratory flow meter further comprises
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configured to substantially sinmultaneously vibrate the
first flowtube and the second fl owtube. The vibratory
wo b@s/1meser further conprises three or nore piR&D1§2007/064007
sensors configured to generate a first vibrationa
response fromthe first flowube and a second
vi brational response fromthe second fl om ube. The
vibratory flow neter further conprisesa renovabl e
orifice menber located in the first flow ube and
a rErqg#/%% Bdné ttn%ﬁbr& Eichééﬁ if? E fﬁrg fl \ivnx%e aﬁ& ‘ir{d:'h?&]h & restnc ive orifice.
orifice Is sm an a oca
The estrigsterarfidevie smalldrithan @ hsak Bewtuba dianhgterf andghe fetstxwtws orifice
enflitd GEERE B IR RERRPROL QU it oy, T ow meter
of determning a VT'SCOSI T OW raterial is
pr 0}V dﬁ;damcﬂ)m\d umagett for detenminmy areistositly of Iaélqvnmnmabrs provided
vi brat o te ri.ses.a fir flom
acgeifint i 4f Cp i of Fie oy PR, THE Sitaiar Ay maRet §eiprises a firt
flofwitiilsd retdioitg aaﬁlsepmdnfotfa\ﬂoquafee@Easva figst Aoseae&chnd flowtube

or.tion of .the.flo terial sec flo and a
ce B R SerPng TS R POeGREEra [ S a Eothmdn driver
coﬁﬁg’ﬂib% wfw?wu&h%awy ﬁ_ifhrﬁilﬁnédiﬁlyf \h‘bﬁlﬁ the Q’M&tlf&ﬁ)vt?‘ﬁéi aﬁ@ﬂxe second
secon ow ube e Vi t or oW net er urt her
floggpbsy | Hecvibratry flow mst ‘&E&PF‘P%?%%F% o sRATe PiFHeff segsors

coBBRRERiEgehetdté & hirdt VibratibRd) #spbasRenehd fiRMbReutd 4nlta second
fl owt ube and a second vi brati onal response fromthe

vikrglQnwyraspemeBen theecond Hawsiby- flihgwibratosy flpw meier further comprises

a RPN Srific€ A3 hHR] HRPhRVRIEs bh a8julBBREkstilBle BHifivd Hes
an adj ustable restrictive orifice in conmmunication

copymupiqatien pyithsthe firghflqsube. Thbe adipstabla pestriotirerqrifioeiiy gmaller than a
lo&[ Hf)bvﬁﬁ)e' (ﬁarﬁ@i@l‘ ln?({ the %Htr@lle{b@&@ﬁﬁéé ﬁ@ﬁl#@lethgfe@g%teﬁgur@ﬁgltat the first

the controllable orifice nenber therefore ensure$ t
flomhis different fromthé secanfl filome nEhef qoptroll atle ouifion theimbpyis copgrollable to

acﬁ@@ 5?L+gﬂ%%f?5rgé .l S controllable to achieve

orrtrrce con |gurat|ons A met hod of
det ek mequg)faietﬂrsmmag taymwbsw o1 oflowahaeriallin iarvila'atory flow meter is

prowng rcggc%(r)qu %g)v%r‘l;rgmgédl 2nt crn‘otxé J?xﬁ/genﬁoglf. o’hq %thoa comgn ses partially

nventi on. ho
regpaetinigad figst ﬂewtubecw:thng restlﬁd:tr\&torfﬂoexl\ﬂlhb Eirsti ﬂd'wt&be conducts a first flow

tric 0 f ce. e r st wt ube nduct
of pERY plebF P eisFSn ivarb Fondns Bt A S R 4P s o anateriat.
Tlxe&edmdtﬂiova isSdi €areht flomtheffirstifiov. | The mettrxdi fahheerMprlses vibrating a
econd, fl is different fro first flow. .
Fefgubs o s aforbls fioSauetsT B fiy o5 74 PRI Qb virations!
restpbﬁse\/drﬂrs&b%ﬁtlzfllyosdhﬁﬁhﬁéouﬂyt\hb@tlﬂg b ¥&dond Tibvaebe 6 Bihk Ribratory flow

a first rati onal response subsfanti al
melprith Hwedawr §n($ gﬁ‘?eéi‘ﬂ“}?ga $feegr 8 FRHNBHESPRNSE Xf1th gethod further

coipbik @ didmiihiay aMaSRsitYoF thet ity fHaterRI fridffthe FRGVabiaflena response
second vi bratjonal response. The nmethod further

and dhariceerd VIGERHODA] TFSPRISS: vi scosity of the flow materia
fromthe first vibrational gyggaefn§e and the second

vi brational response.
In one aspect of the vibratory flow meter, the restrictive orifice is selected for a

predetermined flow material viscosity range.

In another aspect of the vibratory flow meter, the vibratory flow meter comprises a
viscometer.

In yet another aspect of the vibratory flow meter, the flow meter further comprises a
second restrictive orifice located in the second flowtube, with the second restrictive orifice

being different from the restrictive orifice.
3
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ASPECTS I n one aspect of the vibratory flow neter, the
restrictive orifice is selected for a predeterm ned

wo b@s/1m@sEri al viscosity range. |In another aspeCT/US$007/064007
the vibratory flow neter, the vibratory flow neter
conprises a visconeter. In yet another aspect of the
vibratory flow neter, the flow neter further conprises
a second restrictive orifice located in the second
flowtube, with the second restrictive orifice being

di ff.er f 3 Y r T e n § .
e85 TARE ol 300 LY BB ind Ao S BRI comprics
mefterrdlém:onmsrqonpleéfoo ﬁmtmteedussembb'mmds:ooﬁgp&eddo taxetviea first vibrational
confllglured to

red B PR Rl EBBMe Pk ot B ol Bytotss From tpg second

floavtales; and dwei&meutmﬂbwrxﬁaamsenﬁlwm)t the fiz@aedde flow rate (i1, ), and the
fl omt ube, and determne the flow material density (p),

second rhass Slowreass( i ofremahefi(styibratienatirashenssend i seaged vibrational
flowrate (n2) fromthe first vibrational response and
Te$PRBSSecond vi brational response. Tn yet another aspect

of trh ?,'et/mhiél@ér%yecﬁ bbtle mﬁirﬁfory Flogr thkteyy tH@Evafrf\éiEi fither comprises

conprlses eterm t he VIS Sit the ow

defegPGHRE hervissgsingl fe iy B b Tophe %Wv opierial gRosity (R the ficst
BB w18 1 310 the st Abw! BRI flelsBlorldl ks (RIWIrakIErn PSIARE second

nass flowrate( 2) of the second flow In yet another
flomspect of the vi bratory flow nmeter, the restrictive

o SR RUNEAROLE B ol B bl SRR Y,

I n yely afot &Y PR BEY
subeattraﬂlgtﬂmd mthefmetermserhbbmed in a rem)vabl e orifice
ect .of the v br at o

nme et an
ot R et b asnite bF s EPRRR L Pk oiEr dher e fERkp fsformed ina
reth6eible 6tifivememibket.ce of a control |l able orifice menber.
n yet anot e%@of the vi bratory flowrreter t he
)é‘f‘ vk r;ﬁseecfﬁﬁ?} &dbraforg Hogr metsf, é i)reémwe QEfig pamprises an
adﬁ@fafbldélﬂéﬁt@ién{r@ 086684 CortrdilabRlorifidemdhidial response
fromthe first fl owtube and a second vi brati onal

r es JBskanqthinaspret bt vdbrioswfignemetern themetaigstrapbly comprises

thl%é Be&lor® f)lckbﬁ seﬁ%'i'ﬁé fddaay JeRLBfe a fiRke vfﬁ‘it?dna%ﬁ‘dme ¥rom the
nprlses hr ee kof sensors Conflgure to generate

ﬁr@t flqwiybe gpgp a?qoeaﬁanlbrat«mﬁé respopsediomitee sacend flpwgmheube
and g y%{emﬂﬂcrvaspé&t)ramhbﬁa&ﬁp PIOHNEmELLThe BRtRaSQAbIy compriscs

fl om ube, wherein one of
three pickoff sensors configured to generate a first vibrational response from the first

flowtube and a second vibrational response from the second flowtube, wherein one of the
three pickoff sensors is shared between the first flowtube and the second flowtube.

In yet another aspect of the vibratory flow meter, the flow meter further comprises
meter electronics coupled to the three pickoff sensors and configured to receive the first
vibrational response from the first flowtube, receive the second vibrational response from
the second flowtube, and determine a viscosity of the flow material from the first vibrational
response and the second vibrational response.

In yet another aspect of the vibratory flow meter, the flow meter further comprises
meter electronics coupled to the three or more pickoff sensors and configured to receive the
first vibrational response from the first flowtube, receive the second vibrational response
from the second flowtube, and determine a viscosity of the flow material from the first

vibrational response and the second vibrational response.
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three pickoff sensors is shared between the first
fl owt ube and the second fl owtube. In yet another
wasweai1oed the vibratory flow nmeter, the flow PEL/E82007/064007
further conprises nmeter el ectronics coupled to the
t hree pickoff sensors and configured to receive the
first vibrational response fromthe first flowtube,
recei ve the second vibrational response fromthe
second fl owt ube, and determne a viscosity of the flow
nat g 3@! ar{g)ﬁl%m& %f I)# {hgviﬁllja&q'??"llow}‘ﬁ%tm[ %’E? %P e tf#é@ ougr? re pickoff
second vi brati onal response.” I n yet dnother aspect o1
sendoes wgisharad betyveeh dhve fimst Bpwhibieeantl|thesarend flovarttecher
CONMRY I SES r.QnR I t three .
ror A Bl SpeEt SE R ARy PR ek nd Ay E Hher comprises
sedandsontroliatdd onfied mesbpoise@nirmnomicétive &ith ghie dekowd flowtube and

. receive th ec vi pbrational re nse fromth ..
ingif A Set it OB A RieRh R R o B SEsar Histible respigtive
orifigt béiél@diﬂg‘d&rem ﬁrd;tﬁltﬁé adjuistublbradtiictval orff&ﬁﬁonse and t h?
secqnd vi brati al response, Tn anot her _aspect aof . .
t he 19°Bf afp&Fyot?tﬂsweﬁ%qﬁ fhe vsh@t%ﬁ%mm Delges agpunctive orifice
loqatsdiafthe SR0H0WRubeShal 18 6RdIIOahYe & TodahBoftubstdidrh&ét aldlewith the
and_the _second flowtube. In yet another aspect of the
resirighivesieciongfinethat the fst flqvpiy diderept fromithe secopdflovses

a SqRQAckhePHE&!dfik Srefioldf iheQ B oriffteGO STEAEE BirlaQftedetermined
with the second fl owtube and including a second
floygmgterigbyiscosi¥ r#ngt i ve orifice, with the second
adj UatePiR K@ ALFdcEbE 1@ mMéthdd, GRe Pﬁ;&zﬁgrly%&{r Bt cobdpPilts a
the adjustable restrictive orifice. 'n one aspect of
viscpEetast hod, the vibratory flow neter includes a

r estypivef J A i i f grgmg
i s s',I rrzlE % %n:rb%tléri:aa hgézf\:@ ?g{é\gﬁﬁ‘%tﬁgdv&tﬁ%gg |ofgr{fgltgtié?r ng n vvlp%ﬁ E%%Ed
restaetive arifiogdocatéd inghe sevond iftoy tubratwithibe f¢qond réstetivesporifice being

di?%%ﬁ%@ﬂg%%Ite?ﬁ}ctﬁbgoﬁﬁggnd flow. In another aspect of

e restrictive orifice is selected for a
pr edetyer arotisnt afparnofiticenéthdd, \desrminihg thearigpesity of thetflow material

angt her aspect of the nmethod the .vibratory flow neter
e s e AREGhaarm e TR RCarordtbhEb P Shbol YO PR

dete@inkitfly tHehdsoseity) rdnd aIflbWahateandensi®s (p), $A60Athss flow rate (71,) of the
restrictive orifice | ocated 'i n the second fl owt ube,
firgli flgw tand thesasnnd mass flpwirated reyiof ithresegendfowi f f er ent

TR S YRS Bt BB EPRGRA o
mdtet Bkérablyf rom the first vibrational response and the
e CE I e S R —
orifesndnhiseey rate ( /ML) of the
In yet another aspect of the method, the restrictive orifice comprises an adjustable
restrictive orifice of a controllable orifice member.
In yet another aspect of the method, the vibratory flow meter comprises three or
more pickoff sensors configured to generate the first vibrational response and the second
vibrational response, wherein one of the three or more pickoff sensors is shared between the

first flowtube and the second flowtube.
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first flow, and the second mass flow rate ( /M) of
the second flow. In yet another aspect of the nethod,
wo bmsnewss i ctive orifice is substantially fi XeBCT/IISI00B064007
net er assenbly. In yet another aspect of the nethod,
the restrictive orifice is formed in a renovabl e
orifice nenber. In yet another aspect of the nethod,
the restrictive orifice conprises an adjustable
restrictive orifice of a controllable orifice nenber.
In yet anot her aspeclt)e%;i 36 JFehE Plawh Vi bratory
flow neter conprises three or nore pickoff sensors
confEIGui eblows a eniotis flowt thetef Comprising p andtormsbemblypod secter
ol %Ergntcllgle second vi brational response, wherein one of
q hree or nore pi ckof f sensors is shared between
t h e HIGr 3tshéweatvitiretognflowheetereaoorlifig wdndebdbisent @itthe mvention.

rrd!rlﬁs H%"g Wgn%{‘%:‘ GE% %&%ﬁ%&e@é‘%‘% g “ecgflgbﬂf 3 flow material in a

Vllﬁ'hﬁry Roshawsr accerdin@todyethbaliment @ﬁthadzmhdomg to an

enbqdi nt of .the, invention. FI G is a fl hart

o S b e R o Briet s&orging fo &0 Frgittgans pf the invention.
i ]p @hm}i. BrsROWE ﬁlef\thfUtdi‘?tﬂZ)ﬁv %@&6 aebﬁia@nggo an eﬁmb]gslﬂmm Bf the invention.
(0] the i nventi on S ws t \A ratory ow

met dl0a6sBPW? ﬁ@oftt?"é% acfiyty ﬁé?ﬂor@flgﬁ%n crbadiac of the invention.

FI GFIG. Ra¥es iHteough midrfold AdYHilRichin aebadidicAdof fie@vention.
enbodi nent of the_ invention. FIG 6 shows a port.ion of

a f IE36k BsBowe e pPHIANPIithe AAVaREiSTRIFERTnS 0 h@ibodiment of the
invdayigpt i on. FI G 7 shows the output nmanifold according

to an enbodi nent of the invention. FIG 8 shows a ) .

por thlon 9 showp ther yibratory dlow metes perording do an cebpdiamens of the invention.

of 1@ '16%&‘6% R Qtralghﬁubg vﬁ;@@tﬁ@ A8 el &‘b&rd\fn% iooéﬂ embodiment of

nmeter according to an enbodi nént of the invention.
th¢rin@entigh-shows a strai ght tube vibratory flow neter

according to an gy ﬂbmgc'g‘;tﬁf@ih%@gkgﬁ Det ai | ed

Description of the nvent| t he
f ol KIGiSnd- Idesclrthe folrwidg pemnpspe depictspexdirpixemples to teach those

skblleeﬁ in tﬁeh %ﬁ?wlfl lelalg% \z}re@ Igeotﬁe % t nh‘c? tﬁhgarl(v%nfa&? F3Emk Burpose of
teatoﬁmgmngmvmpemmpms pusrna corplea&onasl canmc(sdmwe rveew siabplified or omitted.
ThoséJ elghgd Pnat\‘xg apte\%nl apprreomate var?atlons (%rr(r)]m %hese 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
clectronics 20. Mctcr clectronics 20 is connccted to meter asscmbly 10 via Icads 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 rhode of vibration. In addition, it
should be recognized that the flow meter S can alternatively comprise a vibratory

densitometer.
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Those skilled in the art will appreciate variations
fromthese exanples that fall within the scope of the
wo pwentioen. Those skilled in the art will appreCi/EE®07/064007

that the features descri bed bel ow can be conbined in
various ways to formnultiple variations of the
invention. As a result, the invention is not limted

to the specific exanpl es described bel ow, but only by

the clainms and their equivalents. FIG 1 illustrates a

fl O"‘li‘]g@trﬁéteﬁasgé}mry' ﬁ)' uﬂ&uﬁeé‘é gﬁgﬁ%&liﬁéﬁ%@%goi%@ﬁ‘él ', manifolds

meter el ectroni cs” 20 ni cs _
102 ondd 02 'edrivey 196t EFk@féwmly 106- 1953 ahé Hdw cb0duitpl03A and 103B.

DrPJe?‘i Qﬁng SR Jﬁ‘ 3B o' QW 1'%)?t e cXﬂé&fE% th lefV Edtits 103A and
ow, tenpera

t ot a i zed nmass ure
10BBf or mat i on over path 26. It should be apparent to

t hoslﬁ%glmlel ﬂaan%eql o1 t h% & lt %e a%gur«l: oﬁ) Igzrui%? Hg] i deo MManifolds 102

can BEUSeE ) any ype O
and elga'rddhdz:@&fﬁ:iedttb@ppuMnd@bf dispacer 306. pSpéceolmé saisansthe spacing
| ow con eratin vi bration

t .
belybRi ROt P Sl 02E o Rer P delet Rty % PRty 1034 and
103BGhR ta btpe[lﬁafcir\t&l ywaempbivsacter a!SsmeI)OI()/xs inserted into a conduit

densi t onet e w neter assenmfly. 10|ncl es a palr
SYSFpd PPthOW“éﬁ"d’é oSty “1*’(S‘imi biring mersHE E‘Etcé‘ﬁgc%fé How moter
as$bnbIE 10 WdugP tiekpipdlineFRimgo N 61, 1§48sekAbrougR Ml et thayifold 102 where the
condui ts 103A and 103B, Driver 104 and

totalyagwnt of mraterin is isecied (o g flosy gopduiys fIB' & gﬂ&éﬁt flows through

ﬂow&ﬁuﬁﬂg 1692 Bnd RO@B'a‘nﬂ%aﬂk A1@86t1d:Qdarafid 102 ' wiRELit exits meter
fixed to nmani folds 102 and 102 Mani fol ds 102 and

%leégrﬁhfﬁéglaﬂfeim@élqe@@%éghe ends of a spacer 106.

SpaqghwkOfdR 163 Ay 1duB %%elee&d%a%s%pﬁew Rblsted Winlet
and 102' to prevent undesired stresses in

mazoiedd; | 92 andoytled mepnifobisl QX so %tomyelsuh‘éarftmlldéhe Sappomass
dlgtf'xgx‘ﬂlcﬂp 21‘% &ﬁi%ﬁfmlgn eciaétf&sﬁf)cthﬁg%ﬁtmu‘? béndif tW--W and W'--W'

system’ which carries the material being
respgetivalpd Therflowr doakuishexseryd dutpardie fom thegearifoldslip an essentially

he pi peline flange 101, passes through inlet
pahﬁ%?r%f?l ‘1102 where the total anobunt of material is

di r ddowdonduignt (A ﬁmbwmmmrt\@nb@ﬂman 804 hdhpobitodisections about
thelr fﬁSg?C%V%%%%%ﬁ% re]l(%u' {Vsa ]dg%arllc? at WQ'%LS L 8& alal;férgﬂ%lﬂ )})f fBase bending
mdscter afithé flotvemptepeDriner f04angse cdfifptise érie00f marycwell kndw Arrangements,

St SRS TS i SR PEP SRR L et o v
cohdyie 163Bs Aanilicalatiyig chResteisPasyas shroig theldpbbsing coid ERgHuSe both
coRguiy BT LSBT VBTG IENHES P CaBEIEt SO RO, via lead 110
toQ@ubvargd.y fromthe manifolds in an essentially

Mcter clectronics 20 receives scnsor signals on Icads 111 and 1117, respectively.
Meter electronics 20 produces a drive signal on lead 110 which causes driver 104 to
oscillate flow conduits 103A and 103B. Meter electronics 20 processes left and right
velocity signals from pick-off sensors 105 and 105’ in order to compute a mass flow rate.
Path 26 provides an input and an output means that allows meter electronics 20 to interface
with an operator or with other electronic systems. The description of FIG. 1 is provided
merely as an example of the operation of a Coriolis flow meter and is not intended to limit

the teaching of the present invention.
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paral | el fashion. Flow conduits 103A and 103B are
driven by driver 104 in opposite directions about
w0 b@snivespecti ve bendi ng axes Wand Wand at BEEUS1087/064007
termed the first out of phase bendi ng node of the flow
meter. Driver 104 may conprise one of many well known
arrangenents, such as a magnet nounted to fl ow conduit
103A and an opposing coil nmounted to flow conduit
103B. An alternating current is passed through the
OPPIENY Sl o hidedh AUt o0 & 9&%@%% o b cAABGlhcA: B i@ invention.
suitable drive signal 1s app nmet er ectronlcs
The @netex ass¢rably 200 Gan eeplpdethe meeA assvimbly 1810€ EIGohirt:téle Fipratory flow
me:tgrgsg é%}%? IZ lﬁ{esrﬁk}ef ﬁsggﬁkygrc:@?)o%aﬁ?% féﬁ %J]dg)ctéé lrae'tca' electromcs 20. The
flosy @n@k 5 omclu@ag theleteh asshmbbumepms a Mistometer that prov1des a
.ascjllate .flow uits 103
visghibg 94

ernémat% fcglr' % 888 gterlgf\t ﬁ%da\;l'e?f ?ﬁl%ol\l/ﬁ((i ﬁ(e_) 8niler€tood that the flow
mes¢rgh@dnsadiditma iy pkovidd masneor meh&ﬁeﬁxedtslmﬁludm'g maskeﬂovtr 0

e Re s QD IRV DR el @) BIER fi?rgﬁxﬁ!yﬂﬁga%eremem (@) of
thd ﬁodv'?ﬁzﬁéxfuﬁc%s Ireghlta[@hcoﬂg\;v (Qér 9Eary\ﬁ&dﬁ1&{ah 8 é) gist EQfmermg

systems. The description o 11s pro ner el
dengitometencadior e Giriolisdloypmeter @ﬁh@fadélt@mi fa;¢w snefasmments can be

gcﬁ@%ﬁ:ﬁ af@%rd éltﬁ‘i?ltthé )E}{Pg@ %g ﬂé%%\ﬁgﬁgﬂ&n dddG14igRCNi ng of the

resent I nvention. nmeter assenbly 200
ac c drhgimegfert @lemnecrm?ﬂiinmntetrdfodtrh@t iimeanfiguoed toThlerateethe first

ﬂo?\ﬁtusﬁg"ﬁdé c\%/)lgg ?%r * AS% a‘ﬁ? egglﬁf Hg%vﬁxb%(%l?{) cgﬁcﬁictmg a

seass el wnﬂomeozabratmg be:mg petfednetcbb;t tlne cummxm ddivar 21 6niThs meter

net er ncl t he net
cIETmP 20 St Fecetls At i B PnedSt opORE Bt ovatie 210
redd@te’ larset@mid ﬁhraheﬁala'eiﬂoﬁw frainathe aécont}kﬂmﬁbc 210b, ahd détdrmines a
.‘be‘.ungel[ﬁh at . th fl ow nmet e$ ddltl naII
VISGPHEY HeMHEE rbI‘I EﬁbB?Fé’ﬁt‘&d t fhtficﬁ ol ’F%B%Ybe In
adﬂifel@ﬁulhe m&&l&dﬁmu@ t20imgl Rirthealetbindint ules ﬂbwlraw@ dnd BYensity of
E density nea rene t (p) of th fl ow_ma erlal§%§s
they eé@aman dithesqcry eovipCoRity g3 § ebqﬁalreﬂg? Reddrom a first

mabk oA RO AT OFRE ﬁf)wﬂﬂ)@/ 00a,2 {ebhPhiass ﬁ!)\QWat@Qtn?‘) of the second
O her additfi'onal flow measurenents can be generate

ﬂoartdbeaili)hgvand]thtt ﬂdven&m;aedeximﬂyt(p) descrl pt i on and
cl ai ectronics.

. .The neter
conf OB pB B RS RSP E a(c2pl Do PO BlF SFE rahde i viscosiy
of Claiibu dthengscasitty cat vdry by aantichiab faireorders € angnithdsm THeeflow fluid

Zloﬁ copduc sec nd flow, E ‘g vi brat i

ned B o SEPLER HBA BT EHEMED SO I/BP! DS Biepfan ggtigpiely measure

thehael sahyest 2w ldﬁ(hfgenrrafe&ﬁeﬂ the predsifre Idsdp thirddight the Addter is not
response fromthe first flow ube 210a,

excessive.

In some embodiments, the first flow and the second flow are in a substantially
laminar flow regime. A flow material of a relatively high viscosity will possess a laminar
flow during low fluid flow. As a result, the flow material in the flowtubes is substantially
smooth and undisturbed and the pressure drop is high. For laminar flow, the restrictive

orifice may need to be significantly smaller than a local flowtube size so as to have a high

enough pressure drop to cause a significant difference in flow rates.
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recei ves a second vi brational response fromthe second
fl owtube 2 10b, and determ nes a viscosity fromthe

wo poostiisdr at i onal response and the second vi bPEL/DS2981/064007
response. In addition, the neter electronics 20 may
further determ ne mass flow rates and a density of the
first flow and the second flow. The viscosity can
therefore be determned froma first nass flow rate (
/ ,) of the first flowube 210a, a second mass flow

r at §n ()gﬁﬁ}a {)oal{nenf D;h r%g”’l v\oﬁaHE?heszeggﬁd ﬁg&jf a‘i’pﬁ"\ Jgu%\ééannally

mat er | I'n heas
turbulsooBow yegaunes @sldw vistdsity fyxveatatdrahgell emlbltacmﬂmlqpt ﬂbw ata
flui The v OSI ty ar,
megpifafE Ao i SRR E R BOH VSt o R s ferttiatively tow
préshureugls atx’eaﬂn“eﬁeeﬂoﬁ&naeﬂﬁalgﬂ trenfirsgflowaibe ahd ad tHelsecorel fiowtube will
can neasyre the fluid, and yet at a |law .
b Y % WP g YR B0t B TESSEiu 4 Feakisbt g prifice. For
turbileADflow XBE SEsti i vel dHER ERilIGIBO & beoiily sliphty §rnilsdr thdrothe local
and the second flow are in a substantially | am nar
Y€gime. A flow material of a relatively high

Vi s Qﬁﬁbﬁt&na‘%l&' thE PPSEEH® cﬁoﬂ &Eﬁaﬁ@ﬁs fdr@hﬁé RefihdrGinld eurbhilent dow
flow As a result, the flow material in _the flow ubes

regiges ars<hiffercnt| TRereforwen optimal Hawdesivipion forhc {aminar flow rogime is

noP6RARMEr @k rbufenb SR refidte. | O BTe, §tl RAWbeddfroblematic to design a
restrictive orifice may need to be significantly

vissaui Beasurag meterobal canjasopramedate bethsowaandihigh aisgosity fluids and
fluidss bggpéégh pressure drop to cause a significant
erence in flowrates. Tn ot her enbodi nents, the
fi r Shefsobwonrtel therproblepuisdo pblamizerthe sat of patatsters s¢pardtgly for each

ﬂoW{egﬂlécgﬁdbﬂAv%\%n a?%h{ﬁ?igﬁéﬁl{;?\%%&gpﬁirtaydegﬁ g@é ?trg'o? stcosuy

at ow at a nreasura
rarrgt g, hesqbllmoasamncehudeeémplbymgy rhingkalflé onficatrembed Asdaesult, an

apﬁrao %af%tr \ﬁeictY %c%; A g?l%%l %MclAé tfroly gﬁ kﬂe s(e}1 cﬁgn ok Q\f\émovable orifice

ericar e an
mérhigastant eambda hsdalameeoﬁﬁgmieahe flewyndteny 'meeﬂmu mstmkrtoppxev&ies an
rictive, orifice.

i £ hout t he rese r
aftioflitimisife GRS 3 R Mk pRing G wreii adb b rpsoruiafil g the
dubQ)faCHaﬂ Rin&ld e:gbtgwof&nalﬂlum A hastriégthe dridicglof fshﬂll]éxehEmSteZ/el.ze than the
Unf or t unat e ressure drop equatio
coP ORI b NI PR A rese  Thapignts velocity i
dishiptedll dwnstradin @P tirbalentd. OVhe Sitsur€ 80D cfaﬁéedtﬁyethisadﬁbfgy dissipation
. flowregine is not optimal for the turbul ent flo

is the nBEDresIHEs dropyterm i ﬂﬁé%""élé@r?‘lﬁi‘%} IjiR f‘tpsmaf'é% P Kisgosity.

WMh&ﬁQﬁxb&éhﬂTﬁn@ [ For@xRRDRY, a tvBRriGARe ACSRUNGERICS, VIdobity cancels out
| ow and h gl:gscosnt b fluids and fluids in betweenty

O fiRDTEBIIR FBRUDES. (A2 ;5?%1!% Binfloy rgodpeimstsewithe vsapurign one flow
tubPEAHE FI8 G SreSBiRARS H S i¥e [sAhd&§RAHent of viscosity and cannot be used to

dcterminc viscosity.

The meter assembly 200 includes a first flowtube 210a and a second flowtube 210b.
The first and second flowtubes 201a and 210b in this embodiment originate from a common
inlet 212 and have independent first and second outlets 213a and 213b. The two flowtubes
210a and 210b can include flanges at the intake end (see FIGS. 9-11). The two flowtubes
210a and 210b include flanges 244a and 244b at the outlet end. The meter assembly 200
can alternatively receive separate input flows and does not require an input manifold that
splits an input into two streams. However, in order to determine viscosity, the flow material

in the conduits must be the same and must be provided at the same pressure at the inlet.
9 :
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fl ow regi me and have an appropriate flow restrictor

for a desired viscosity or viscosity range. The
wa@eloatiioess can i ncl ude enpl oyi ng a renovabl e orPET/U82007/064007

menber. As a result, an appropriate restrictive

orifice can be selected through the selection of a

renovabl e orifice nenber and can be used to configure

the flow nmeter. The flow restrictor provides an

addi ti onal pressure drop in the flow path. The

LiRhASS theo on#tﬁ? n{egegq%ﬁﬁiggbgé Qarl &ﬁngﬂ'tes%sai aﬁmﬁed flow stream or

ki net’ic en .rgyo restri ive orifice of
cag perhpese hamdepandsatAtow blagamstbatdoive dhpsamt prgssukevat thzeoutlet.

caugk %){15 Qﬁlbgg%e%t \éﬁ% ﬁgbvtg}f)eg 9 d)ep&r{cfefﬁﬁ) co }%ﬁ'rsg)éﬁﬁsﬁac’nﬂ?lly U-shaped

vel oc rean1as tu
ﬂopartdmsuasesh@mp As:@mam/el}y i lm embodingpnt dheyen palfliGor Oiand tdiseussed

re 0 in the ess quat.i o
vef8. hE RSS2 10l BB bR STRUPRR T HElb b
Hdvatves otngplshapes cdr Alsu be usét; heddreowithin the sddpe ®f the description and
VISCOSIty cancel s out of the pressure equations. As a
?%%ult the flowratio in a meter with a venturi in

one A b@mﬂoubmvas 2168 1btaved berebén tHel firgt A@wiube 2i16a and the second

i ndepe of visc S|ty nd cannot, K be used to
ﬂoa@%?%ﬁ'b?? fncsf@agpw Y4121t embEeei %}mzbwﬂélw&ggtcathc first

andl kécond fllowtibdae2 194Qad amgb.a second fl owt ube 210b. The
first and second fl owtubes 20l1a and. 210b. in this

enbodietFer segblyA% qepdisladctirrant fony vickoff sensaes Hay elhe pickoff
seﬂsﬁm '&b Véuea & thRRktSEAQMbnRs1d0asy5the 1da1s a 00 (R&%Hown)

The two ubes 210a and 210b can include flanges at
Comﬁ%memlﬁktbe sitgationabrespanses fromithe pidkeffisgasars aimrgemiked and processed

by 4O dI24BRick B6! ude flanges 244a and 244b at the
outl et end. The neter assenblé‘ZOO can alternatively
¥

r ecdnadirsieprabedimenty p sharpd pigkoHsanys 24 8 iplocated birtwecen the first
:\_ﬁ'@w 2 fmrﬂnthg sddaal ﬂ%thL'lﬂeSQ 198. 'T"Hé %haﬂeﬁ??ckto‘ﬁﬁseﬁ%ér%%qs configured
wev Ity, the ow

er, 1 n order term ne Vi scos
to genazate al shawdtvhleraummﬂ néspenseLfsem lyebrotien gfibagh ahﬂjﬁmn Howhbe 210a and

thelto %e&X%cgﬁgw%betﬂ?)RS hE sR&rgé §gasten§)8‘31 K Q;lﬁﬁ hge\’\é:lﬁ"l%‘r an upstream

ut of e neter
pid@ﬁftﬁensn‘t drlaodnvststreampmkoﬁéuenmn'prl se two i ndependent

but T Er IR ch AR AN 06 SRR R LA B0 R sk Hopryne 3108 andiis
configied mgaldﬁ&b arftrstahﬂgpehldﬁh a’ma’uiltqaobmspbﬁ@glr%ﬁ vsl’gmﬂl;]t:j of the first
Aoy 2T, K stinnd @D rdo pibal seaug 218y s poplcd fp e Second
ﬂo&?ﬁl@é 2R &idos ngﬂﬁgllﬁhdé 0 %dnk?t%h&z&dnﬂ\gft@eﬁdenkb%ﬂtﬁmal response
Frogh, Bibsetiph B Senm NN 26 JHa st d S5tbdgrRdgpt pickoft

serdsbbs 2 F8’h @6 @D €8 bk We 8tippdidityrdnly tharhet BbHgidlippéd diridiere (not

second fl owtubc 210b. The commopn driver 216

showR) MHISFER thotizst aRdl sosARd idepengdent piekoff ﬁ@sprsfilt% a and 218’b arc held

in a fixed position by the support structure and measure motion of the vibration of the
corresponding flowtubes. Each of the independent pickoff sensors 218’a and 218°b
therefore generates a vibrational response for a single flowtube, independent of the other
flowtube (and independent of the other flow stream).

The meter assembly 200 includes a restrictive orifice 252 located in the first
flowtube 210a. In the embodiment shown in the figure, the restrictive orifice 252 is
implemented in and provided by a removable orifice member 250 (see also FIGS. 4-5).

However, the meter assembly 200 can alternatively employ a restrictive orifice 252 that is
10
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and second fl owtubes 210a and 210b. The neter assenbly
200 can include three or four pickoff sensors 218. The
w@r@koifPssensors 218 are coupled to the neter PCT/US2007/064007
el ectronics 20 by the |l eads 100 (not shown).
Consequently, the vibrational responses fromthe
pi ckof f sensors are received and processed by the
neter electronics 20. In a first enbodi nent, a shared
pi ckoff sensor 218 is |ocated between the first
I T r
sulgh P Hued 7 Mo RERRRPIO. CHAIRE aoiany 8 EAF G Ean cmptoy
a opntypBdblonafice meprs290 (seenFIGSr &Biand tiof advotipatyieg téxtst
fl owtu 21 nd_t he cQ flowu 2 10b. The . . .
shar g8 TS LE bl BRI et B0 tadifine Wi restictive orifice
250p The ecsthigivelovifice 252 sopositiore dd@rwsdnr the flow [elsgigk of the first flowtube
ensor. A first.independent pjckoff sens 8'a.is
213551 tis PerepmmBCing LW PRoES BELLS POlPus RETEI A e dgmovable
orifice GRMBRLS0 dark bé Slanipad Sppda dr othdrinadd iMdibetve@s P @ans6tlet flange

fromuvibration of first flowtuhe, 210 econd
240,380 IR PR ?Qieﬁi%?u%&@emtg%vmafg&% 1§ phpwn at an outlet
of 8 gToWtbd, ittt Alderstsyd thet ®e RétgetivRbrifite PBNRAALE pdsitioned at
second i ndependent vibrational response fromvibration

any;poir & & Bewiborwhsreinghe rosiptiveiosificr 232 redvgessibe dleay rate in the
affeBdaprRdesd pi ckoff sensors 218" a and 218' b can be

supported by any manner of rigid support structure

( notOniK ewa putpyhEaifpld 3RO is shawn.dd itsbewddeiunderstaeddht both
flaRb &K 28R SarfdBach 188 81 Froke ?é'sﬁecgravte Quight fhabifSRA as long as the

position by the support structure and neasure notion

mei¢r ashembly F08tmaintaists, inthe twe meanifoldsi supstantieh bl upstrdam pressures
f ' t ARl f ! X

s dobifire BREAAED ARUEERTdly MEDRAS o A lerfibll £50 can be
regsiiveyll i ahy ovwnobeof reerptpdaidesketodtct he ot her fl owt ube

(andm ] - Of | . ). T f

oo oIS R a2 Gl frp Qb &Pk 6o B Y
prédecartiekd shapd eThe differdnicown silze c2d Baselémied eoadiig th chandcteristics of
shown i.n.t.he fiqur the restrictive orifige 252 j.s .
tng IS AR el s St e Someahial of s epfighie orifice 252
catrbaBelected or(spredetbsnined G5w datsyial VHosuite kangeh @ hevéstrictive orifice

25355 Pk 355 P £ leeSRARONBF org T e b DA frgotve

oritige I(2sxe ¢hdrdiore ﬁsﬂ&t‘sbﬂll(he ira&?cmsam\ivﬁmetzggi hxszﬁlaEé‘srthe flow rate of the
e oy contro orifice mepgber see F] GS. |
firgt ok CARHES ATPI5 Len e Ao Toip glite SheAblaw in the second

flovaapyaige orifice nmenber 250 including the restrictive
orifice 252. The_restrictive orifjce 252 is positiaoned
bet viRTestHENYS RNigRad¥atiiseta losgof kinstic enesgy e Sirgdlowtube 210a.

TIRNIstikMR R RnERSRR/APREs Ir Bl RRSIAIBEAS. TR kitdtRWhergy is not
mani f ol d 280a. The renovabl e )
rccovered, as is truc of a venturi. The term ventur as uscd hercin may be defined as a

section of a flow channel which contains a reduction in flow area followed by a gradual
increase in flow area such that most of the total fluid pressure is conserved, wherein the
static fluid pressure is converted to dynamic pressure and then back to static pressure.

The basic equation for pressure loss (AP) through an orifice comprises: -

AP:KM (1)

11
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orifice nenber 250 can be cl anped, trapped, or

ot herwi se hel d between an outlet flange 244 and the
wouiopat19sani f ol d 280. Al t hough the restricti vePOr/U§1008064007

252 is shown at an outlet of a flowtube, it should be

understood that the restrictive orifice 252 can be

positioned at any point in a fl owmube wherein the

restrictive orifice 252 reduces the flowrate in the

affected fl owtube. Only one output manifold 280 is

sho th i L, S | d. el St h flhan

24430018 22,3 S Gl i Ere R HTE B3 bitbe. ek K8 Bnrey
dissipapon coafficieot, pss e densigy abthe flownfitidr Vassthatfloyw 2€0city in the first

ot B0 g Do b R R b b TR o °1°

Al t dheabbvetquatibh eepressnwsadiotal présture eropedineto the Rinzdo ebergy that is

.received ipn_ an ner of receptacle, socket, etc. The )
dissipaier oveh G a1 EL S option FisBbyAs HoreliBaEihadhstiatie gocfricient
(K3 ixch ﬁﬁ&i&goﬂﬂhe i@riﬂce dednedtér ragel (Hhane orifite dirhéter L6 Q?)' &bmprises a
si ze can _be sel ect according to charactepistics .o
ratj @f thy GRER LEFICHT <3f3ﬁe F%ﬁuﬁa dismeter, (33&3 iﬂilfg/ftl@r PEhe 2 Re-
mat eki:ai_.o.'glag_t_gggni_qi%ye orifice 252 can be selected (y)
for a predetermned flow material viscosity range. The
I estThedtiasiceqoatidn foe pasaure rapniml d Bw itbeSdanet deddtmaned by the Darcy
p | ocal flowtube dianeter (see dashed line). The
ORE%rictive orifice 252 therefore restricts flow in
the first flpatube 210a and nmekes the flow rate of the
firsAPf+dws he first flowube 210a | ess than the (3
flow rate of the second flow in the second fl ow ube
210bwWhdregf)rie gter friction Gactori dfitkepips,A 19 isuhe dermpth oftheadibe, and (d) is the
kinetic energy in the first flowtube 210a. The | ost
tul?&‘ﬂ%‘?‘f’@r‘energy conprises turbulence in the flow. The
Ki Nefor @ 18ARaE luidSfleN0] the E6 R fekor &Z chiSbé Exireqbd as:
venturi. The termvcnturi as used herein nmay be
defi ped_ @4 a&éction of a flow channel which contains (4
a redlict Ren ig¥d | ow area fol l owed hy a gradual
increase jn flow area such that npst of the total
f1 ui ffﬁééghwéh? Rempldenyaber A dibihe ﬁ idspisgosty £ Thgrgfore, the
pr&¥ @R HEE(AP) i6ANBE fRdathMad 6@ BotnpiRiseSsur e and then
back to static pressure. The basic equation for
pr esgyr e=I66$ts_l_(ﬁEDP3 _t3dUgh an orifice conprises: Were
DP i's t"he ggpgge2 i prgdsure due to the orifice, Kis
the kinetic energy dissipation coefficient, pis the
dendiory terbutang fipidoilpw] the pressireidson @) ichp aeaialbgExpressad by the
Dérﬁ‘?ﬁfr}n'iﬂ: fl owt ube 210a, and Vois the flow velocity
t Afrough the orifice. The above equation represents a
t ot a%sﬁgrgslspr/é drop due to the kinetic energy that is 6
di ssTpateg through (and after) the orifice. It should (©)

be noted that the dissipation coefficient
But for turbulent flow, the friction factor (f) has the form:

Sy = 2316 7

Rc*

(5)

This turns the Darcy formula into:

1 3 7

316u% otV *
AP . = 316u l,so

wrb

B ®
2d*

12



(K) is a function of the orifice dianmeter ratio (b)

The orifice dianmeter ratio (b) conprises a ratio of
W bh@sn1i983 ce di aneter (do) to the tube di anet ePCT/UEI00D664007

the first flowtube 210a. K = 1-0.24/? - .52 2 - Lbb

(2) The basic equation for pressure drop in a flow

tube can be determ ned by the Darcy fornula: Were (f)

is the friction factor of the pipe, (/) is the length

of the tube, and (d) is the tube dianeter. For a

l am

exp rl%%élég gés gvc} haw: i)attlﬂeth?ﬂ[ugﬁ tt}llé)%e{egﬁg\/ﬁ\bg)t % Lg%q{}gﬁ'om a common
upgtRaym prsssuine am&wmhmcmumbe downstréam pressurbghé presshire drops through

cC f r r

SRS s HRFE ) R el S 5208 il b e’ P can be
ass‘ulnmd, totbheqpalas s dirst fthwpbé¢ PREsuwradrapg@EiM). b"ﬁhceﬂowestsmludn;gh the two

t f la: But for turbulent flow,
s noppinss )i ph®2 b & ohtiafihoviePh S st OB Pk Sihs sopsaing e
restii¢tingl aificet2s2. | d 4Because the two flow paths through
t he t:& assenbly 200 cone froma commobn upstream 9
pre dj oin at a commobn downstream pressure, the ®

pr e Coms&qudnp.equbtiGii(P) chh Be traBstbiroed d b Sarhia¥efldéw ré8me viscosity
equal . Thus, a second fl owt ube pressure drop (DP2) can
10RLOMAEY M be equal to a first flow ube pressure

drop (DPir), . ;khe IJrnwl,rz es through the two fl owt ubes
10 Zlow@nd[iﬁfﬁ a}qual, however, because one (10)
f1 owt ube \c 8 Vin& rlestrictive orifice 252. Pl =

it o VRN ! PR BT thh o Do RO 488 BBy

meastRMmeatsuptaingd by ihelrhetet[ adserhbly 2(01)o>vh&%e flow velocity
ternms can he derived fromthe nmass flow rate and
densTty asurenents obtained by the neter assenbly (11)

ZOO,Ih;/\Q%ﬁVZm 2 =p A2WR (12) (12)
15 The term (A) is the cross-sectional flow area of the flowtube. Consequently, the
velocity V) of the flow material in the first flowtube 210a comprises:
m
V, =—L 13
o (13)
The velocity V3 in the second flowtube 210b comprises:
™,
= 14
2=, (14)
20 It should bc undcrstood that the flow vclocity through the restrictive orifice 252, i.e.,
Vo, comprises:
d2
VO = K X d—lz (15)

0
Where d; is the diameter of the first flowtube 210a and dg is the diameter of the
restrictive orifice 252. In this example, the restrictive orifice 252 is located in the first
25 flowtube 210a.
Likewise, equation (9) can be transformed into a turbulent flow regime viscosity

equation comprising:
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The term (A) is the cross-sectional flow area of the
fl owt ube. Consequently, the velocity Vi of the flow
woradoeni®mB3 in the first fl owtube 210a conpri sesPCIES2007/064007
(13) The velocity V2 in the second fl owt ube 210b
conprises: V2 - (14) rA 2 It should be understood that
the flow velocity through the restrictive orifice 252,
i.e., Vo, conprises: Wiere di is the dianeter of the
first flowube 210a and do is the dianeter of the
restrictive orifice 252. In this exanple, the

restrictive orjfice 25p is located in the first

fl om ube ifikepkse, equation (9) can be

trangfpe i 0 bul ent flow regime viscosity (16)
equation|cgypiipsir Urb (16) Equation (16), along

W th equation above, can be used in order to
derive the viscosity’ in the turbulent flow regine from

t he Bipacox elﬁ)yaibm{g?ﬁ/ltﬁfeqﬁh&)nfs i(1 34 Sy#tesef Eamvbeniakd i orkler to derive

t he second mass. fl ( and the flow erj al
IR P Lo e B AR (R IS ol0s & the st mass flow
rat¥ i Bf, RchO82bnd BHRONSE rse(rj(m N SAR thb oShakReaVALERY (Hnal

r esponse fromthe shared pickoff sensor 218 and the

firdn thmb@:hdent shomwing thei fostavibratiopalrsgpdnso pemprsesithe shared
vi Ier(%l erEl? %egrtl %J shsa%hS ckonf g‘%sgr 2 d t%g ﬁfrltq %Sdent

? TRy Phas er ence between
Vlltrhﬁaoﬁalh &Ispdnsel fmsmthcoﬁa;t mdepqmnlna'emahuff Bhfsof 21&h. A first flowtube time

i n ndent. vi br,ati nse.
aelg BT PaRBtissha it Bt fkorss HRRLRF nd YL ititiopat regpopse and the
ﬁrﬁtdﬁ@é}f&ﬁ&er? nmbrhhﬁm eespmlsgl ﬂdepseadﬂrmbmubnftr??make comprises the
se omthe s N CKO Sensor
shiy S8 VS el FE B T P RB Ay B SpehigTEat fgm the
se&ﬁﬂ&ﬁdéﬂieﬁﬂﬁ{dt @tﬁ%@fmman 8t eA%B%UrﬁCﬂdwﬂgbahhﬁr&ﬂay (Atp) comprises a:
es Se a e seco P ent viI br | ONna
phpecdisace pepiens tircthags VB€ ErAremorss 1 e Stond infrRRdent

vitstafibfdl eRpenRetAVBETE ElayUAT) ﬁx@ﬂ:%x‘é'r@ﬂ@dté ) Pﬁ&scr&ﬁ&@ﬂ&ebctwccn an
and a downstream vi brational respgnse of a fl owt

upstrear vibgatiqoabigspenseanda deamalyesrpyidrationdl responss b gflowtube. The
ﬁritI PMtube tlﬁierﬁ%lgﬁdﬂ aﬁ@tﬂ@ seledhd HSWHﬁ)%%Qy dct,lli'f (AEY &h be used by the

el ectronics 20°to determ ne various flow stTeam
metpragleqtranigsAQ tedetesminenarions Spwasireamptharaptaistipyfor the meter assembly
208 ggg 1%%32 gfrs%tﬂJ t&\% HRE delaFRALS LAY teRebdnPAGWHIBE time delay
(Aty) can be used to determine first and second mass flow rates (,) and (72,). The natural

frequency of the vibrating tubes can also be processed in order to generate a density
measurement (p).

The first flow stream of the meter assembly 200 must differ from the second flow
stream. As a result, the first mass flow rate (771, ) can be restricted to be less than the second
mass flow rate (#1,). Consequently, the flow through each flowtube can be measured
independently of the flow through the other conduit.

In one embodiment, the flowtubes 210a and 210b comprise substantially U-shaped
flowtubes, as shown. Alternatively, the flowtubes 210a and 210b can comprise
substantially straight flowtubes (see FIG. 10). However, other shapes can also be used, and

arc within the scopc of thc description and claims.
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(Dt2) can be used to determne first and second nass
flowrates ( Tn 1) and (W2). The natural frequency of
W bh@saitsat i ng tubes can al so be processed i n PCTER200D064007

generate a density measurenment (p). The first flow
stream of the neter assenbly 200 nust differ fromthe
second flow stream As a result, the first mass flow
rate ( Th 1) can be restricted to be |l ess than the

second nass fI ow rate (/W2) - Consequently, the flow

measur i
t he PR st AR e o R b ort G RERR G Aol (Phshed tines).
THehecdrldaeimobalsie ditifiae areehhel 080 am)mbhﬁe atsbedxﬂrrbstabthwe orifice 252b.

U- shaped f.l owt u .t I
The ek earis O 25PB0 i Habmeebtamss dhprosirayely the same
sizelak dhegdticond floiviide2106eThisl dan kaﬂDone k@ﬂﬁ‘i&ﬁim aQinff¥m spacing between

th;%g %2%%%” a%@(gar&?@u%ﬁgw@% ﬁéduﬁtogl gqﬂtaag y. t(e):lpneatlvgly, the second

ref@pid e ahﬁ&@ﬁn@ﬁl@ef 230WAR BrfPrist 086 cHRPERInt A0 thcf RS BEh the
lines). The secaond renovable orifjce nenber 250b can

restHeFoRrificeoL e thesacpnd restrictiyeionifice 253Bh. The second

r estyk sdully Be hderit68d tradthelsBeditrefitiRR BBfte S$9D¥Anib3 smaller than
approxi mately the sane size as the second fl owt ube

thosqgpnd figwsubezd] Ope Hogrrarcr, sharidcand restrictiyaionea2a Paesnngt gencrate a
s SRR ARETELAD) ARSI R AR AR AULTYE Y Egbaueny, e

or exanpl e
semnﬁmaﬁcﬁﬂr&eﬁcm g be ﬂmreﬁte&@ﬁeh@mﬁanea bnﬁbaizsz

i ncl.udes both the restrictive or
L oc EproRet 1aleatioy of 1A TeIMOYEIS spifice plate 330 dhiytor sssembly 200 can
beWodfipic@adcdriial td B AeSEUIOMNG MRftérid] C Fo¥ Ex@Miplé, i€ theAoAP material has a
can be smaller than the second flommube 210b. However,
relapkely dows yascpath f-p e thaflovy material hess low sesistance do, Bpy, theg the

reStAERR b2 D! 1@%6s@h €0 b&Plath ¥ sikfila@ ke mhtrpga:& kd fHe inner

mass flow rate (m). Consequently, the second

digraeter plcthe flowgiher anddho grterwssambly 200 5 epeatted i G tarhulent flow
reél?n%t f(t&{fési&«?ncﬁﬁgl&' @%@v’igcosg% 1%%[%9{ e.SBL 8ol RABteRhI ﬁeﬁea high

eorlflcepatez e’ meter assembly 200
reszetnn@etom ity thel resraasivgiondioe @53 cae e chepen tohe relatively small in size

(1?2 %r?@l:hangg in Séﬁ%rfcoﬂﬂlﬁargctf@o {ﬂeqwgﬁﬂét@rl ofﬂﬂé ﬂ@wtube as a large

vely lTow viscosity, I.e ow mat err al
changeoiy flave rat¢ thmoeght the fr¢s@mt1\termﬁqer2é2rve@the| r@t:d&ﬁemcnrdeﬁn to greate the

dergfgéda%%eﬁgg%?gy Q.be relatively similar in size with

Inner dianeter of the flowtube and the
met eTheansensymBBRO200scanpaeastah fitst ttass flowlratedmt, )fdnﬁhe first
regime. Correspondingly, if the viscosity is hig
flgwtabe 2{ Greartd capy indapendlentlyiagasured %ﬁ@onemag& ﬁn\yéatled"le) &qy, the second

ﬂcp‘l)trlge .E\Y,@i y S:Tral fé‘ %m%[ £(2(5: t%kgss gdv%%{elg f &ﬁ’ s a%e- ﬁke(? loopofa
drddeaim@r&hm Riepinivedl gdmﬂlnh&ah ﬂmfkrthel phmetlﬁtwm drlee)f the pickoff sensors
and tﬁmﬁnve 31gnalaus|u{1ﬂgr th% phase-locked loop configuration. Conveniently, the shared
pickoff sensor 218 can be locked to the drive signal for simplicity. By taking advantage of
this locking feature in the pickoff sensor arrangement, it is possible to have a single pickoff
sensor locked in phase to the drive signal and have two independent pickofT sensors,
allowing two independent vibrational responses. The time delay (At) is measured between
the locked pickoff sensor and each of the two independent pickoff sensors. In addition, the
locked pickoff sensor can also comprise a reference feedback signal that is further used for

generating the drive signal.

15



10

15

20

25

30

change in flow rate through the restrictive orifice

252 wll be needed in order to create the desired
waeovetiiwsener gy | oss. The neter assenbly 200 CEEIT/US2007/064007

nmeasure a first mass flowrate ( 1) for the first

fl omt ube 210a and can independently nmeasure a second

mass flowrate ( th2) for the second fl owtube 210b

The neter assenbly 200 takes advantage of the

phase-| ocked | oop of a drive algorithm The drive

al 9 %I*I}ongﬁ ‘ﬁ?enﬂé)vgcf ?ﬁ epéﬂlal%gvtgﬁé mﬁﬁep%QQerﬂf thteh'ﬁeasurement of mass

ensor s and the drive Sl gha
phiasme|flooitsbe Isowp irclepéndyut of the ﬂ.O“O(hml@hl the bthy:r ccbrh:but A flow
k S a e

thr%u%% ﬁg $ g:aug mdu[cgpggﬁlas?eég t}? (&hgr €O gégnggégus%?? tﬂﬁ Ig %ﬁ(ﬁage, anew
maso Hbvregubtiern mnxsed tbrtthetvm ﬂbwﬁfbes efitherthme packepEheentor méter assembly

208 e 8RR o e Gy, R A® REVE b Ror RO SR Gbr oo the time

delay ekpdrienseh B@ bsth f&i\bﬁﬁ%mml Gavindi2nde peangdantandiAig)at i onal

respons ured betwe
| ool A itiobif aal et Corffis Sl msfer | BhANG4° PG, Hefecn two
flokitGtgfahd Aghasy &ffefdhca(ihjctdlmﬂzﬁed bbvebAelecki@é FicRbATs and outlet side

sensor. can al sq conp (gs a reference feedback si gna
Pigkglfs of thermeten efhig Qeesor ferare oKy tadiatap pipgle time delay (At) and is

us&d @ HRkerMidPHBR driiGunt (R16h b b QMEH N8]CHAL JQWbt&Rine), by employing

i ndependent, the nmeasurenent of mass flow in one
the ¢quAtioMe i s not independent of the flow through the

ot her _c . t gh one conduit induces a
&h CRARFU '%t% P(\(i;’n gg"x% (17)

phase i n the othe Because of this linkage, a

newmsa anH OWeRAs Adprédant alibsdnfa0H abiiRerit Wempérambré/BRSsurements,

t three pickoff sensor met er assenbl
resge%veiw thi SOHBLT PeTRRLS Fiea e Pl diag d <f1%86m Gan be used to

m&gmtﬂow STR¢ BmB AR (A1) ik A8jukledBydaiaY dempar L&B¢AEL)PY he time delay
both fl om ubes 210a and 210b (i.e., Dt i and Dt2

at gerp (At cPBREPesR Galibration fagipr et is defesminag; wyder QOﬁ'?%@ndltlom
I S TGRS, C{hmfamai massf OB %aué}{lﬁ i@ anﬁ{%ﬁu%te for the two

difference is cal cul ated between'inl et side

indepandant flewtaieg ef fiechusipiclett sameorraeter assqmbly Hieste roason is that in
théjﬁlyl ﬂo@ﬂ&&a'&‘ t}?eglﬂt gﬂtﬁcﬁld tﬂenljlc?’r ?ﬂ(ﬁllcéLgblO%lJ HiKe grﬁ)@tl’l f{o%t)lbes This is

IS use ermne a ow amount such as a ness

trueleyon péiee there isffbow ax amiyloap of Bie temﬂlcwﬁuhgs. thnethe traditional: flow meter,
bc?zlusg géoémgcﬁt flow cS tt{rh?%h ﬂ-&h)ﬁé)wtun% cT{E@uc-Ed %‘ﬂgsc-ris idcntical in
enperat ure

s represent “calibratron an
cacheamdugneyst zsxesule,stpe utduvexl phasé dotshuﬁ apgmtais e/phase @ﬁagﬂme between

asur f ti 0 neas

th?ano cor%g o Pis né)é gg"acq ng/ca cDQt axjg an rteSu t. e(%e{ore a saneg £ Bme delay
caabe md:nn(tﬁ)b pl)lor ahin dmdBEtoCk&ltﬁ;mm a ﬂewcra(eﬁh a)trachmmrail ﬂew meter.

C onglfllt B{r}ﬁt It 012 ea Prltventlct)nhﬁ‘llt lerst anceitsgcrorxrlld oqv ls”ltrl]'eams are méependent Asa
consequence, phase induced by the two flows may differ between the two flowtubes.
Therefore, a mass flow rate equation based on a single time delay cannot be employed.

Flow in the three pickoff sensor meter assembly 200 induces phase in both
flowtubes 210a and 210b, even though flow may only exist in one of the flowtubes. The
two induced phases may differ. As a result, two time delay measurements are required from
each flowtube 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:
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However, this traditional nass flow rate equation is
not adequate for the two independent flowtubes of the
wo boosa1psxkof f sensor neter assenbly 200. The PEHBESI007/664007
that in the dual flowtubes of the invention, the flow
i nduces sonme phase in both flowubes. This is true
even when there is flowin only one of the two
flowubes. In the traditional flow neter, because a
common fl ow passes through both fl owtubes, the induced

phase i s.identical Jn.each condui aresult, the
P dticad Ghd 16&225‘111"0&1_gp%p’ég‘f"sagF?Fpﬁééé—d}tfl?iﬁgﬁc}ézXT”’Z) (18)
betyeerrdhe Ao apNduid S 7and7i,S) PRCR (ARCLOKel Bx (1 - Te, x Tm,) (19)
cal cul ati g a’resuft. Thereforé, a sihgl@ tine déel ay

wheanthbaubsseigt | nefeisgo ha st flowhibe 2008 end tie aibs@ipti2irefees to the

seqand s 2 1007 M Frond o it sRiARE: Fland FanE  Rirune P2 of the
FOPepanfie skampie) & requitiodieno ehe fabehat floadubeighwyné flow tube induces

wo flows nmay. differ. between the t f 1 owt uhes. .
a DPASh B116F 6thentbas EaRF iRt L) fhbesadn O ractes elggtepnics 20
forl ddtE AR Yn 8 ABGL raks ie BEthadyRetubdd DMIal andtA1ebt hr ee

pi ckof f sensor neter assembly 200 induces phase in
bot Mereigeftern s tmodelanvalpaf the ferm ¢ Neugthefsupeuserins A denotes

onl exi.st. in one of the f ubes. The t i..nduce
KRR s PR e TS ol SR g U second
floVRASLE FOFE e the BmE W1y Naliel Wil eshe FdaW AKZS. Mhe QukkeHipt B
to neasure flow. The flow neasurenent can be for one

denptes the fidvgube th@he vibratignial respanse af beihg seasemd framme hherefore, the
ustrate I1o

R 5 LRSS 8 0 8 it g o s

oMyt g T i BT

first flowtubd 2 10ai@hersinithd Flowli® Yhroigh thetsbeorfddiewtubp1db. A supcrscript of

refers to the first flowube 210a and, the subscript 2
zefoedeaptes paiot flew seaditign s weseintsae valop (Arhedesetes adimedety measured
B AP A o el B rver 21
untiérad zérd onnd-fodwugdnditivn. f | ow t ube i nduces a phase in the

?TLP ovtéelfjvgg,iar %ﬁ:fl)@etg Ifgtgg og c:‘,l'qsl)atigrrl]sd( 1%} g)ld f 139'3 cgg bg %seéjd %o? dctetlglemining the
flow stream characteristics. Equations (18) and (19) do not take advantage of any
symmetry. One possible form of symmetry is in the time delay. If the time delay is

symmetric, i.e., if:

A, = A (20a)
At, = At, (20b)
Aty = At (19¢)
At,, = At, (20d)

then equations (17) and (18) become:
m, = FCF,(At, = Atz,)x(1=Tc, xTm,) + FCF,(At, — Atz,)x (1-Tc, xTm,) (21)
m, = FCF,,(At, — Atz,)x(1-Tc, xTm,) + FCF,,(At, — Atz_)x(1-Tc, xTm,) (22)
The T terms represent temperature measurements. The Tc, term is the temperature

of the first flowtube 210a and the Tm, term is the temperature of the first flow fluid.
Likewise, the Tc, term is the temperature of the second flowtube 210b and the Tm; term is
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for determning mass flow rates in both flow ubes 2

10a and 2 10b. Hereinafter, for tine delay val ues of
wo b@sfiores (At ), the superscript A denotes whiBEI/US2007/064007

flowtube is conducting the flow. If flowis being

conducted through the second fl owtube 210b, then the

time delay value will be of the form (Atl). he

subscript B denotes the flowube that a vibrational

response is being received from Therefore, the value

f t-he s S
thegﬁnhe abtﬁrg \/(Jlt"; El‘r?ee%en t HS#V%%J\}V HrF 'fsl‘ﬁ%:J L?%Rg\%ﬁl%ehlg %%el %g(? ﬁgw calibration value
forf the first flo vt a2 104 andrtha(Ateg)l waluet ik ¢hovziro Bofv datibfatipnivelue for the
[ u

seigh o Eph 2l G TR Rititellon b By FY L B E 20 AR FoPm are
cawbmtima cwﬁbipntsohatm deteltemnedaby donote$th and subsdguiendy are used in flow
tr E n thet va ) denotes a tinme delay neasured
S ?‘8? W@CtFP?éﬁcﬁ“hl ?Xioﬂllﬁe 210a wherein the first flow ube

I s \AddidéeatlyDthetfiev calitirmivndfattoey colldalda e bydneai® Wirthis case,

nofl co i on Ver, .a Sj er, form of ) )
catings (oPang 187 S Rgyiessyi DRt iEEly fs Stichehths Apmgpalibration
fadtre rhdyove spredmatdipkpainetrical,iies FORURECR)S Tﬂegéynﬁﬁétry of the
(19) do n t take @?vanta e of any symetry.

capgiins pyaulq BrcBec G5 CARRTAGOR BIACRSSt he tine del ay If the

ti rremé%mt% itS e §0PB kWb Enash fiBw: raleh masxt dlsodhlle #t pEMNIbILId Beasure

At2 (20b 11 (19c) Az22 Az2 (2Qd)_ then equations
dd%hj:_l?’lalamacqbs Ysljldlﬁgt]mn Juyi the twepgdbb(fmmtes ﬂ)mggané:g, if one of the
flowkubes Cohlatis R shidtide orifite, zﬂe ﬁm()l)f thEtwho Now Fks Eanlde {ellﬁed to

= FCF22 (At2 - Atz2)x (1 Tc2 InR) + FCF2 1(Atl- AtZ)
dynarpm viseosity. Ampthep poterpa apph@qtm wagd bg élmm@@#mqm @f goating on

Then r r

B S ot H et Sy OB RaLe dllfbalanced
mase iptheaystem apid thisamnpalaneediasy thayubeldete¢tiddaitlyeush & eatipcof
S WA SRR 65l B SR TRA B LRLNEE #8ls o
exéunpled of Whet By be feasdilewiths: fldve meterchitiroeusumk itwo ddependent flow
value for the first flowube 210a and the (Dtz2) val ue

S™'he zero flow calibration value for the second
f | O\IHIGbG i24 Olowclisne 300 ofia eadthdal aft detarndimiag @véschb&iknof a ﬂow material

2 are lib on coeffi
in pilreiory Afucnetsy AR P Sfmenl & b8 fudhion: 5 01,2 firs
flowaabk isredtioned 3i brizAtCAaKaah afile8dveted Rinetdt adr@y foss through
turbulence generated by the restriction. Because of the restriction in the first flowtube, the

stre

first flow rate through the first flowtube is less than the second flow rate of the flow
material through the second flowtube.

In step 302, the first flowtube is vibrated and a first vibrational response is .
gencrated. The first vibrational responsc compriscs a responsc to the vibration of the
flowtubes of the meter assembly 200.

In step 303, the second flowtube is vibrated and a second vibrational response is
generated. The second flowtube is vibrated in conjunction with the first flowtube and
substantially simultaneously, such as by a common driver, for example. The second

vibrational response comprises a response to the vibration of the flowtubes of the meter
assembly 200.
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Additionally, the flow calibration factors could al so

be symmetric. In this case, equations (21) and (22)
wowwsditees further sinplified by the fact that peEUS100%064007

calibration factors may be approxi mately symretrical,

i.e., FCF 2 ~ FCF2 . The symmetry of the equations

woul d influence the calibration process. The ability

to measure two nass flow rates may al so nmake it

possi bl e to nmeasure additional process vari ables

bey I t g

one 1B ptcpi Bl B <8 BARG Mo MnaEp bl aS, A iscblity can be

detehreined tfran dfe fisevibratiohalowspoaseand-the sbeondetibtatidnalgesponse. More
sp%c\{P ?agfg %’é’éscg’g béga%n bAnc?ette rmér)](P E’rgnt | %eétex%gﬁed ﬁgr ng%l? \A%gciggslty (),
froid a deemhinedffiviidow &ue:hm{) éiww ﬁest €loat, afd a \detekmindd yecondflow rate

unbal anced mass in the systemand this unbal anced mass
(rmyypf the sdeandciioyn| Ehe ﬂpwgmeaalrmi@y o), teirsttflaye satof i hend the

twg resulting fl be VI tio aI response These
secgnd *1‘{%?1 W Mg)e‘}@?ﬁﬂ efmm pmths T1Et apd seeepfl & “XKP?‘?P"%\TCSPO“SCS as

JJiQ gg[ that measures two independent flow strearns.
erI 3”& £ (?I owchart 300 of a nmethod of determning a

vi's diiﬁ! ﬂyh@\ffs thefretor apaereblyal00;agcerdirighipansmbadimentrpdtles invention.
El%gél?r&E ﬁia&g?{ng{. ?&5 HESRG U B m. 8& Wife ‘n%}‘élee%é ﬁgmbéﬂgo%‘hg I5:’neter

Fowt Uba 18 Testrict I'n or
assembly 26¢ ot hieembodimentineludeyy C¢msmntﬂamge| g#d .t Bothuthe rﬁ'rrs; ﬂowtube

218:? Q? 1 C?sgccmé fﬁ&v?tﬁf)g ?563 %Ie t?r@r\\/&lﬁgg %J?% E: 524 he met%r assembly

on TPF &t
200 lof ¢hig brnbbdinfeint edn ﬁxlmhm mbhlde snloagsit htaarfotdm%(sthetocrmhnects to the

flow rate t,he ro the se
oot fifeS 4. & Sgoyable Birkeiofiee 250 PP hupRSGRTS gphggwise held
betwtdnahé ﬂmsge M4bfnﬂtth@6‘abuf ®aNfsIe 280 s The ramavale orifie plate 250 can
. first vibrational. ri.s res eto ]
indipde b id45h 088 FeSRRtirf SR EDL82-6f Praviowt BishRSBE RS predistyly disclosed,
thd RstrictiPe 3Hfice LieisIe3ahsh fhe dvdallbendust dhfert.ed and a

second  vi br.at sponse _i.s ner ated. The second

fl ovﬁ%@wsmﬁl%ﬁawed&ﬁ ﬁe‘BBYﬁ‘lB%E’E‘fe g plfer 490998 coppaynicate with only

onk FRWHRE 1AGWe e 08 Siilld Bé LiNderitBbd AP BRUSvasiE 6ifids phiYe 250 can
a common driver, for exanple. The second vibrationa

alterpaisely ancledan sesend grifige thgheemmynicates Witk the oier Sovteke. In the
altbin@ ! Qﬂﬁc@%laﬁchﬁclﬁﬁﬁ&rtw@mé Yoné QPR nifsEBc g’xgﬂllcrttﬂﬁl the other in

Vi scosi t |ow material is determ ned.
ordgrde e@iatqﬂléfawnbﬂowéﬁf@ﬁ hetiegn theofiva fawviubest i br atl onal

res lﬁﬂﬁi?f‘ Hl% RhEo BAly }{ﬁcp{h%td @(gﬁ mcffent?%pir)n@%gc n'\ﬁ:l[:l%de a chamber or

spec e viscosity can froma
cou@tpgsptﬂq 2ﬁg3dthﬁ1 rsoeives the irgmovidigs prificq plpte 250. Consequently, the removable

orifice plate 250 is retained between the flange 244 and the output manifold 280. The
removable orifice plate 250 can be at least partially compressed between the flange 244 and
the output manifold 280 in embodiments where the removable orifice plate 250 is at least
partially compressible. Alternatively, the removable orifice plate 250 can be clamped
between the flange 244 and the output manifold 280.

F1G. 5 shows the meter assembly 200 according to an embodiment of the invention.
In this embodiment, the restrictive orifice 252 is non-circular. In this embodiment, the

restrictive orifice 252 comprises a semi-circular orifice 252.
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froma determned first flowrate ( /W) of the first
flow, and a determ ned second flowrate ( / 2 ) of the
waewmendiosd ow. The flow material density (p), ther/U57081/064007

flowrate (m ), and the second flowrate ( /2) can be
determned fromthe first and second vibrational
responses, as previously discussed. FTG 4 shows the

net er assenbly 200 according to an enbodi ment of the
invention. Elenments in comon with other enbodi nents

shar, ..
t  dPeHeRl b er PRl any Bridt b APRItMIGEE Phe oply condition
onfther sstrictiveoribee 212)55 thatit produesscomi-fecoviratile eadi@ly lasse

ClGUqU R Gt Iabirldioe 3008 524840 T B BALLE +BR58 TP bt Iuriction that

ent urt anh outp
recoausftiod khnéﬁé)endrgy and norectts 1tth;1ckln®presmn fl ange 244. A

ot nai 830t nPRaiche s REPF 2N aSoRERR et R Bt of e

inveatioh O lthaBémbddimen® aRsBbY blobiifitcMembai ES(E&Q)oeﬂlﬁned inside the

|ncI | east one restri ori.fjce 252,
A 20 Phneureaiye BB Mt 230 oS e aeapivs grifice 252, as

pré@&tsly distussed ! Thd fetnodaBlel o¥iflce BSerhibia250 kan be e@tal k@Al adnd removed
dianeter. As shown in the figure, the renovable
frogp the; P&£L0-250 can communicate with onl y one

f | owh UbRe cHDOBIBENLs, ithe FAIaBlcRRifHRGREHER230tAAbe hBR in position by
removabl e orifice plate 250 can alternatively include

2 fgatyecditbe Bpriybee? 10n dior exsmplsi bgremovibinonifies Bember 250 can be held

in pbQMENBE a bEAd hhﬁe&i&vﬁﬁ!&@iIO/GARéﬂnBﬂl@&y,Rhé‘¥&n6ﬁ‘Blé&§iiﬁ& member 250
Wwo oritices, one orifice nust be smaller than the

cap bp beldjin pesitien by ¢ narmeatieg ef ehaage in shapeaf thetflosviybe 4 nin another
altEHﬁu{'eWi’hé J‘c%v‘d@ﬁsbnfgé%é}ﬁbé}%h cQIn 8E lﬂ@ldflhzﬁngﬁoﬁ%‘l d@‘l‘[&ﬁl fasteners,

he output mani fol d 280 can inclu
mqimung eprsrigxslormrtbhmng wembyrssetehEor exanpldl the pmmdvable orifice

m%lgérf%Sg%Qn C&ﬂg‘égﬁy E’Jﬁs'ta){m{1{:1 ﬁ?lF Al e%?j}a%%zﬁ i Bh %E ‘it least

is retain et ween e out
parthiﬂlliyfr@dlidllﬁ Sélnpféhwdrfbmamoa omlre:xhowé i peten@BEr elaaemueve the
east arti d between the flange 244
remo‘éabt %"‘gg mﬁ?‘ manl (?oafr%)beg%ggm PESY e n@n%s Maher e t he
r emdu ahbtheocmbodnmept ahereﬂﬁﬁabls aaifick emfrannalsolcah keymprise a portion

or GR350 08 bt 6 BAELHt nob AP RSl e i
250 h&n Oompﬁizeozgﬁ'lélcf Idad e%&ﬁhdldﬂ dBleast ngﬁa\ISBy i‘ha?mﬁ @iterior of the flowtube
t t L
Rty e Aty ARl B it boyStngs heresictive
or&‘ré?, chib b @indeidrif btk walyB. t hi s enbodi ment, t he

restrictive orifice 252 i ses sem - Ci | ar
or i {10 7 SROWTTheSHIR IR AR scopting fragn podiFent efehe invention.

In $Hi3 BRIbEditnde, tREPIsBIAIe ofifiRe 252 ¥s forRed il e r@dfh1fdlk!3280 and comprises
restrictive orifice 252 is that it produce

a gonrolahle pEfige MembgE Pag, Hgwgver, it should be undcrstood that the controllablc

orifice member 290 can alternatively be formed in a flange 244 or can be positioned
between the outlet flange and the outlet manifold, for example. Other controllable orifice
members 290 are contemplated and are within the scope of the description énd claims.

The controllable orifice member 290 is movable to create a restrictive orifice 252 of
varying sizes. The controllable orifice member 290 can be actuated as needed and in order

to create a restrictive orifice 252 as desired.
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Consequently, the restrictive orifice 252 cannot
conprise a venturi or other restriction that recovers
wo bmsliret i c energy and converts it back to prEGSEUSE®NT064007
FIG 6 shows a portion of a flowtube 210 according to
an enbodi ment of the invention. In this enbodinent, a
renovabl e orifice nenber 250 is positioned inside the
fl omt ube 210. The renovabl e orifice nmenber 250
includes a restrictive orifice 252, as previously
di s¢ C
st g rp e BRAEY AEhBeR290 e RRIEBRImcrEhGBH jonfigured to side
in gusiee tcembbcj thegestactivenerifieeridd2dbiger or srthalbes. ﬁkxmﬁr 2AxOcaipliable
I e owt ube 210.
n%% H?n%er?gﬁgﬁﬁéi?&%xﬁq%%% Slcogﬁ?ren‘% 950 can be
hel dr hercopn'ellable) nrlfiye mehbed29Mirt the efﬂbovlhnm sRdwWn includes a curved

e AR 5 SRR SRR 220, SO e e

255 leen fﬂdhwletdmg sBdjfk andrdozs abliedveab hetimain &/ €irculdr@estrictive orifice 252.

re vabl e orif.ice nmenber e held in position .

RO TS T Bl iR qerabor JORGAR b Srigally
acﬂﬂiﬁfmﬁtvhereﬁ{ the CEQﬂi'olﬁib@éT&hﬁce BRAbEEPI &dd e 186Vdd toenlarge or restrict
rrenbe{ 250 can conprise a substantially helical strip
thotizggt e restrigthigio 258 i sy CIB%?"(IF’QPW %%‘Q&FYQHFWC °nﬁ°°
m&RFE 208 %8l bk HovabR Yyt the e M 20! WhiRin BB MdI& clectronics 20

alternative, the renovable orifjce menber 250 can be
cap, gponally s98irel the sizg apdiog shaps of ithe reBictie cBfisna? hrent |
t he FIERREWS a QbitfonCst (REFRRY adthRN06 980V dins t@an embodlment of
portion of the flowtube 210 or can be fixed In
the inygptigse Pheofigyre shawsprperamontflange 2t jagd ppertinmn; qfu C@edlwz?-SOa and
2868 QorC RticF hrafififl 2%0? @&ﬁxe‘é{%‘d% G 'Farile i4@,aii sh%ﬁ[cf b3 dérstood that
around an I nterior the flomube to formt
altemativ¢ly the/metsr p$scobl2B00 canonelude separats lonpes lb’éa and 244b as shown

“in Ff@% S*rﬂ@ﬂxeié?%.ﬁx%‘?y %%h{ ﬁﬁocﬁ&eﬁﬂ 1?181u‘&9§“? Pcfiglt gfggﬁ:donﬁce

I n other ways e out put nani
memlmrrwl)nglch@s arvabreb tdierempleofT Iteh@ntmugbie joofice tm:mbler 290 can be in
252 | f.or
co%mumcaq%P \Tnah gtgjags?gaé Cﬁ %p \rf‘lﬁosv&e{gf)ez:is O r?tcroofrP lce ogﬁc? member 290 can
bersetdaerd iR @oder it peowide, (ahd nsdulofiyl) dldlesmmtiees enﬁo:d_Z.‘zZa at t he

| | abl fi v b
For gt RS s bl onlac e Ributed by e

mdtérecletttdnids 2d. éﬂ’lganélﬁdelbhmﬁcd I(Etaﬂmllbci @ lcEntréliable onﬁce member
controll ahl e ori ers 2
POE%‘ﬂPé‘ﬂglt%"tr@g“eaﬁEF“&Pé’VﬁP f5Bhe 10 Gseraecaics 20 af selecta
cofl@s14b1Pbiifite BRthbet pbsifion Jdied of rahraaht@bdea 0P ptd- dé?s@gnated flow
menher. 290 Iﬁ'ga abl to create a rg(?trlctlve orifice

magRal fiscosity i therRe Sk ElRE TIPS ] EArpT IR er of
coRVégEide él’@)rﬂﬁfn%ﬂﬁlﬂeréﬁ)r@ eateu a8 thd ddnoUSHle orifice member 290

according to an actual or anticipatcd viscosity of thc flow matcrial.

Advantageously, in some embodiments the controllable orifice member 290 can be
moved over a substantially continuous range of valve positions. The controllable orifice
member 290 can move to a fully closed or nearly fully closed position. The controllable
orifice member 290 can move to a fully or nearly fully opened position.

FIG. 9 shows the meter assembly 200 according to an embodiment of the invention.
In this embodiment, the first flowtube 210a includes a pair of first pickoff sensors 218a and
218’a that are positioned to detect vibration of the first flowtube 210a. The second flowtube

210b includes a pair of second pickoff sensors 218b and 218’b that are positioned to detect
21
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to create a restrictive orifice 252 as desired. The
controllable orifice nenber 290 in the enbodi nent
w@e bawsn11983 configured to slide in order to nakePth®S2007/064007
restrictive orifice 252 larger or snaller. However,
the controllable orifice nmenber 290 can be confi gured
to nove in other manners. The controllable orifice
menber 290 in the enbodi nent shown includes a curved
end 255 that maintains an approximtely circular
vithr&st r{ H: g@coﬂ ' o'vﬁﬁbgé b. hﬁsfgef\fr%g] 1cf($‘r‘? s@tﬁgrszf’l%acﬁﬁ 218’a and the
I nc e any s ape and does not % to mantain a
semndmlqﬂ seosrs 28h grd 31§ bicen be Sﬂppdmdévwmyemxmm aEngid support

strh{l'ﬁlé @IBE %1%%:)‘% erdin tz]é Y) V%g?t’g@ﬁ.{ ) ‘E%Qegg %F? %%F% Bf)seition by the support

stroctufd and rnmsbms r@l@’@ve:mmlbm oﬁtlmsdbnatmle of Eheg:ermspcmding flowtube.
the size of th rest e o ﬁxe 25

HSsh EnProt ARG fos Pl aSRCanaind g e the same
or ﬂtfﬁe&krltehbytht keppuet grucaire (ehrplxsyedsfomc s&‘dteﬂqndfkdfflﬁnmfs@l 8b and

roni.cs .20 n tj ona C rol .the. si and/
21§ S BViBR0h oL Bk S0 iBene] 0 B8 S8, i pgir o Fi gkl sensors
21 Sﬁgﬁd DIR’ ﬁ)fgeﬁe?rae ey chsraewtibtyc Medkubaaait (ﬂrbﬂ’tge fostdowtube 210a and
emhodj ment , of , t he i nventi on ure shows a commpn
thg Paah@éscsaw @ﬁhotg SORSPES &?b@dc?&ﬁﬁwq@%e &hﬁl%ﬁ%r
meBuretichefor B ictondifid@fbecanpect ed to the flange 244.
It should be understood that alternatively the nete

ass &t 0 sy raight b metss assembly £AR gecording 1o aﬁhambodlment of

th@AA'bmﬁﬁl Sh NS ehmoﬁﬁﬁ‘em Zthe TR tHBYs @1 Oﬁﬁﬁ&MWargggbétﬁhnally straight.
his enbodi ment includes a controllable orifice menbe

It szwld lag renlegsgoqd that the matesrasasiably| 200 OfFFBS eEhpdignang smemclude one
she%ﬂ fpi&%ff’%'ﬁ?ﬂc 2@91. Eﬁﬂn@ﬁ:dh P& %’HE’HEB&%H ée@@of%ﬂ:ﬁb@ as in FIG. 9.
| east one of the flowtubes. The controllable orifice
menbidie Vigmtars llowemgier ard egthod ageerding to the myiriéoy eancbe employed
3 | . . .
s o A PR 90e L oy f o T
wmmwmmwmmmmmmmmemmwmm@mmmMnme
vﬂgjaﬁgg% hSQJ et 129nd:rﬂgth§)? eﬁ éaa %%Qétog 1’]8\9 lrr?etgrr t'ofnl:é: ure the viscosity of
posi Fi 0N and Chererore a restrictive org

a fiow mate“fhada et eibratbecflow nmet& dhd roethod ehabids z’awscometer to be quickly

ant. bl e ifice 0SI.ti e
and S onPigyRgRons pETicURE RS BREHAL, The B Ry Nl pgier gna method
enhbicaa elistometer tois: qutidy aal eatilyoriafigired dor paew diow ma;enal
manner of convergence algorithmand therefore can
actuate the controllable orifice nenber 290 according
to an actual or anticipated viscosity of the flow
mat eri al . Advant ageously, in sone enbodi nents the
controll able orifice nmenber 290 can be noved over a
substantially continuous range of valve positions. The
controllable orifice nmenber 290 can nove to a fully
closed or nearly fully closed position. The
control |l abl e
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orifice nmenber 290 can nove to a fully or nearly fully
opened position. FIG 9 shows the neter assenbly 200
wa@ewendiosy) t o an enbodi ment of the invention. PeT/UBI087/064007
enbodi nent, the first flowtube 210a includes a pair of
first pickoff sensors 218a and 2 18 a that are
positioned to detect vibration of the first flow ube
210a. The second fl owtube 21Cb includes a pair of
second pi ckoff sensors 218b and 218' b that are
WSt Lhngdist 0 detectvibration of the second flowt ube 2
1. The first pickoff sensors 2 18a and 2 18'a and
1. t he A wiboridrypilek tsterd Sh i dstepmgng a rispedtyoicafiowenaterial, being
by any manner of rigid support structure
Ch%gagﬂkﬁﬁ%h wherein the pickoff sensor is held in a
fi x@dngosassmhlydyoe}@né‘ugpmdno gsnermtmsiam tp)ref adlovematerial,
relative noti

ot ube SREREUA s pies HmsB ) vt R ARG e o sccond

pi ckof f  SENS oS BlBEH ) r 2 sd@nd FARMBE(1106);5a0E Or
di fferent than the support structure enployed for the

s ec andstpctiwodrifice@52Y bcﬁ&& i e dir@ B viube)ir0ay,iviratin oine restrictive

of the flo 210a a 2 t he
o cicor f SSSBE DR 4 18R 0o RuP e Bla gt in the s
char act erflsitube (m@amseummhaxf mecbh]da floimrate ¢f thevflobvan2ital in the

and the pair ckof f sensors 218b and 218'b
gener at e S‘FFgé? §Fg€k |stic nmeasur ement for the

second flowtube 210b. FIG 10 shows a straight tube

met assenbl 200 ac t.o an enbodi nent
2. nvereivarratory to @e@ﬁﬁﬁdﬁ?ﬁ%ﬁ? 1, tﬁ? SRS 02%?5 <2§?a being
seldd6h far Lpreubrsinintd Aobymatetial \@imosn& tangoul d be

understood that the neter assenbly 200 of this
enbodi nent can i nclude one shared pickoff as in FIG 2

3.0 CcaR Jiktaldtd elotwWRele (’ﬁﬂﬁ%ﬂﬁ'ﬂtl %ﬁ{hsthefw&ht%g)@ﬁf)&/ et (3)
FIG 9. The vibratory flow metér and net hod accordi ng

comprising 2 isOmeteln can be enpl oyed according to any of
t he enbodi nents in order to provide severa
advantages, if desired. The vibratory flow neter
4. accorhdi vn@ratwy flesv inatee fiadislatmnl , Hertheg spmpeigings sgeond restrictive

on\gfcé g?’f%t) ?cfc’at Iir{ﬁ tlYé wc?{lcg f¥ Dléwh b%V(JZ [@r}) e&/ltﬁ@ﬁc ﬁhg@ gCStI‘lCthC orificc

és’a vibrat or er to heasure
(252t b@mgtq;ffgtfentafrbhmw nestriativalorifith€2524)br at ory f 1 ow net er
and net hod enables a visconeter to be quickly and
easily configured for a particular flow material. The
5. vi brEteoiyrafdrp flomemeter £ frvidimold fettadylcompaisingsuetnetlectronics (20)

coliileie e riptay e mpp AR popro o RSN} Fioet Bl el i tioRefrosponse

fronb Jhef fixist ﬂl@\tzﬁibm(’m 0, racaives & e&iohyd vﬂfraﬁbt‘fall esypondecfroralthe second
bel g y h %(eir zed E% ggﬁéngégl{l%}%eﬁﬁeltn};g%p%dgg %gghmass flow rate (m,),
ﬁ% {ec?l{ld 9&%@%&5\?%%83)WI l)rfr% Hl%sfﬁ'stf\llgﬂu{)ﬁlqegp\éﬁge grﬂf th@ second

a seco
vibrational response.

6. The vibratory flow meter (5) of claim 1, further comprising determining the

viscosity of the flow material from the flow material density (p), the first mass flow rate

(m,) of the first flow, and the second mass flow rate (71, ) of the second flow.
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mass flowrate ( 2) for a second flowube (210b); and
a restrictive orifice (252) located in the first

wo bastiutes (21 Oa) wherein the restrictive ori fPCBEUSRDB2)64007
ensures that a first flowrate of the flow material in
the first flowtube (210a) is less than a second fl ow
rate of the flow material in the second fl owtube (2
1Cb). 2. The vibratory flow nmeter (5) of claiml1l, wth
the restrictive orifice (252) being selected for a

7. PT €G§ SR ﬂfoWetmasﬁrdf %ianw B CAR thy rés@rrl](gﬁre orificl {852) being
vi bratory flow neter ) ldim1, wth

substantiatly eﬂll@thermﬂelras(sﬁf)lbb'dﬁﬁe) sing a vi scorret er. 4.
The vibratory flow neter (5) of claiml1, further
conprising a second restrictive orifice (252b) | ocated

8.i n tThe vilratony flomometgh €5) (02 thiin, 1, wriththe hestsasberdifice (252) being

trictive r|f| 252b ing different fromthe
forme marfemovaﬁ f%elr 125353 T%e vi bratory flow neter

rictrve oriftice
(5) of claim1, further conpr|3|ng nmeter el ectronics

(20),coupl ed t0 200
9. ¢ onifTHG A s TR BR BT o PR PP ST G gpifirg 252 comprising
anfadjultableerebtrictive btifivd (252) 62&6@)trolra6[eaind’&:eanaﬁbﬁl’(d90)

vi brational response fromthe second fl om ube (210a),

and determne the flow material density (p), the first

108 STHel \BMYa’fcﬁSl Elow Miter (DA cldid § eGEa e MREEr dsbitbliy 2@0) comprising

from first vibratjon response_and_t he
thr, §%85HWT%P’8¥‘%§ SERFS (248 Eﬁ&éé%“ %J togeaCRA Gt ﬁfbmbrft}oeﬁ} response from
thérﬁiseﬂoévaibeq&1od)&hmakecédarﬁbﬁiloﬁarmgﬁ@@ﬁoﬁiﬁh@ kéBonl Mdwtube
he viscosity of the flow material fromthe flow

(lfﬁi’terlal density (p), the first mass flowrate ( /W)
of the first flow, and the second mass fl ow rate (n2)
of the second flow. 7. The vibratory flow neter

l1g| aiThelvibitary flomemetss {iaficlapm brvith e mctgrassesably 4%00) comprising
th%ﬁg E‘rseﬁéclrg 3i 1'8’} ‘égnﬁ%lxrr&'ﬁ) 5%@1%?&1&: Qﬁ?&'{%ﬁ{u&%@ QésRoﬁse from the first

atory flow mete claim1
ﬂorvasbfr (2d0a)/=mdzﬁ $ercpn<év1(b282>)lab@spsg15ﬁ Grome thei snccaldrférmahb (210b),

Wl%?él o?ig ﬁ{:eeﬁ)g(?%ﬁ’ se%s r-s“afl 95' ? gl‘ﬂatr l}fetwe%ﬁlglg%gtr ﬂc‘v?g.lbc (210a)

["ar m Trict Ve  oritice
anddmasacemdlgowtulac(jzb@h)abl e restrictive orifice (252) of
a controllable orifice nenber (290). 10. The vibratory
flow meter (5) of claiml, with the neter assenbly
12( 20QA vitoatpry Howgnéthr @©¢ fardeamdnipg (al«dsfclésﬁseofsmﬂew(rﬁéx&)ial,

co?x&gl%in%uﬁreggr ﬁgﬁ%gm éec(eﬁ‘ffég% ﬁ\é%.}g)ro Ti(lgg(g o%ggv?f%?aqgr?zﬁ as a first flow
andl ial3eédrdofiiad tube $ DI eedeivang & Becond portbd dfatt Ab& material as a second
flow, with the vibratory flow meter (5) being characterized by:
a common driver (104) that is configured to substantially simultaneously vibrate the
first flowtubc (210a) and the sccond flowtube (210b);
three pickoff sensors (218) configured to generate a first vibrational response from
the first flowtube (210a) and a second vibrational response from the second
flowtube (210b), wherein one of the three pickoff sensors (218) is shared
between the first flowtube (210a) and the second flowtube (210b); and
a restrictive orifice (252) located in the first flowtube (210a), with the restrictive
orifice (252) being smaller than a local flowtube diameter and with the
restrictive orifice (252) ensuring that the first flow is different from the

second flow.
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(210b). 11. The vibratory flow nmeter (5) of claim1,
wth the neter assenbly (200) conprising three pickoff
waensorwsg 218) configured to generate a first PCT/US2007/064007
vi brational response fromthe first flow ube (210a)
and a second vi brational response fromthe second
fl owtube (210b), wherein one of the three pickoff
sensors (21 8) is shared between the first flowt ube
(210a) and the second flowtube (210b). 12. A vibratory
flow neter (5) for determining a viscosity of a flow
material, conprising a first fl owube (210a) receiving
13a f iThstvilretary Slewohetar (3) @fichaimndi2; atithgbe gesfriatiye ofifiop(2520 being
econd portion of
Seltg ﬁ%&? %‘%ﬁ%ﬁ%“:ﬁgﬁd gé&ggétgéo %ﬁg‘?’oﬁﬁ%r %t h the vibratory
fIOM/neter (5) bei ng characterlzed by: a common driver
(10 conf i t,ja
1453 paleiBetny eH R S asshmrie ML ipkeo iy meter ©
coﬁ@esmgmoﬁdmhkmmiube (210b); three pickoff sensors
(218) configured to generate a first vibrationa
response fromthe first flowube (210a) and a second
15Vi britieivibatory €lopomnser {9 @Ncldig 192 ﬁﬁnﬁérﬁbmphs&hg a(s@d(ﬁ‘ﬂ)restnctlve

oriic A7 seserin b PR ot g ) ek ety S ppicive orifice

(252) BBhhefdiffédeibRoMmaAhd fR)rictiB Grifick €33 lctlve orifice
(252) Focated|r1the first flommubén(210a) with the

restrictive orifice (252) being smaller than a | oca
16f | OV\FHéR%ﬁt&ST%W mafRel(3)dfie1diier o, @grielr Qbmpﬁsﬁﬁkﬁét&%lectromcs (20)

(252) ensuring that the first flowis ferent from

coupled dxthethree pakoifFensone (24i8) pad senfigurediorseaire ths)firgk vibrational
res"f)bﬁée@r&% théNﬁI'Jt‘ ﬂt)ti@uﬁee@tl )¢ 13c'c¥ie/c @hd {dc6Rd {#HrAlondBle8fonse from the

Sel ected for a pre etermned flow material vi scosHy

secmdgfbwtyhe (21196),\an dateoninefy ﬁquﬁv ef thegjowy maggrial foppthe first
vitthdiShal thé%f a‘ﬂd%%sefchﬂ v{E“r‘Et?Jna¥ fie)sa,&%pr ising a

VI sconet 15. The vibratory neter (5) of claim
12, further conprising a second restrictive orifice

17( 252ﬁ1? \118 r?q'lok;pmggﬁ (él Tt & rélfsllfgwlglb&etér%}rg B% the v1%&1§ %}%f the flow

second res ctive ori erng difreren
madtérgal fegh thedﬁust/abmtuohalaes;(dbsa)md the.seddrel wiblatiatdmyspgolnescomprising
.m 12 furthe | Qi

aeEFEEP e ool FEBLLNRH TR HE PRt DR S GRESRS (1) of the
Feb 4R, % G20 B b 1) YDl b1 brat T ona

response fromt recei ve the
second vi brational response fromthe
18. The vibratory flow meter (5) of claim 12, with the restrictive orifice (252) being

substantially fixed in the first flowtube (210a).

19. The vibratory flow meter (5) of claim 12, with the restrictive orifice (252) being

formed in a removable orifice member (250).

20. The vibratory flow meter (5) of claim 12, with the restrictive orifice (252)

comprising an adjustable restrictive orifice (252) of a controllable orifice member (290).
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second fl owtube (210b), and determ ne a viscosity of

the flow material fromthe first vibrational response
wa@eastinwssecond vi brational response. 17. The RCDUS1007/§64007

flow neter (5) of claim16, with determ ning the

viscosity of the flow material fromthe first

vi brational response and the second vi brati onal

response conprising determning the viscosity froma

flow material density (p), a first mass flowrate ( 1)
2190 U0GwHESind) fbe G flrd RRAAN IR SRbBYLA P %4\/&) L

of the sec%d eﬁg Tewb?%g cf1 owme?‘gr (9) 2
compriging |arﬁr§1_12ﬂowﬁut>h (20e) ressivinga figse pgmolm of @ flos Mateywl ag)a first flow
anq;ggé%/ | trﬂe(l)?\%‘)tlrx%e ﬁlﬁ&fﬁg@lgﬁ q5§écf)§& {) 1{3#0%??& %Q@tﬁna]l%s a second
flome sitithi the vibeatoryi flowandt@s(d) bbimgchahoterieetl by a r enovabl e

S]EI E:cgmm&rggnver E&B)con%gmierg:?% ?l?ﬁ{/%gangl%.lﬁr IXléréul%?g S ywb(’a@: the first

conprl Si rfgw&nba@lﬂs)ahlthelsmdlﬂﬁwtulec (:?rl()b) ce (252) of

troIIabIe fice 90 2
71 ofsR PEFRrieRalF SlPer (AR rry Ao et Pt Rogiionst
ma]tc eri al regpoms ﬁ'Sl:cnr’tge ];ﬁlrsftlﬂo&ttulﬁd ((Z\Allt)al)hﬁld(aZ?jeG&)d f/fcbiea&iovlal’hgsponse
a first portion o 0 ial. as a first flow an
a second%f \551"1;9880‘( \ﬁcgthet@r?fﬁi a second portion of
t he afrbmow4aBit Brifiad m’éﬁ'lb%r BE300 NstafddawthMditsh fibheube (bn@et)aml including

fl t 5)..b t dDb
(104) "CoMTPYTFEY PRRRSPR AT HLAHF J AR EGUaF ) bein smaler than

vi brate tahgcdliflowtubd @okieRe ahd Kb the RebtridiR e VRFRBY252) ensuring that
fl omt ube (210b); three or nore pickofFE sensors (218)

confi gur ébe figst Jewels differant fromthe, sagpnd ﬂ@WaI response
fromthe first flowube (210a) and a second
vi brational response fromthe second fl ow ube (210&; )
22and Thervbrateay fleworeter 6 afsibar2 1 pth)the eskicsiycionifich §252) being
efestrictive
selfg?ti%? ff%‘];d ‘%ﬁé{p’%’l{‘g& ﬁa)”h‘g&?re‘?tn‘?‘%%? R (252)
bei ng srml I er than a local flowtube dianeter and with

234 ool VUL FET bt B8 drehh A i Bhr g s

compbsiagarwsdongernet er (5) of claim2l1, with the
restrictive orifice (252) being selected for a
predeterm ned flow material viscosity range. 23. The
24vi brEteorilyratary flowemeter (H)ofetainml i, forthet comptibing esecond restrictive

wfe8 G178 i e it et o aiPedr TP ey A S 2P fiette orce

(25211)%&1@ dﬁﬁexansﬁﬁmrtﬁe ts&idtive torifiee (252).

25. The vibratory flow meter (5) of claim 21, further comprising meter electronics (20)
couplcd to the three or morc pickoff scnsors (218) and configurcd to reccive the first
vibrational response from the first flowtube (210a), receive the second vibrational response
from the second flowtube (210b), and determine a viscosity of the flow matenial from the

first vibrational response and the second vibrational response.
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orifice (252b) located in the second fl ow ube (210b),

wWith the second restrictive orifice (252b) being
waoledoBeiwet fromthe restrictive orifice (252).pr@BUSINBI64007

vibratory flow neter (5) of claim21, further

conprising nmeter electronics (20) coupled to the three

or nore pickoff sensors (218) and configured to

receive the first vibrational response fromthe first

fl omt ube (210a), receive the second vibrational

res f D& ithdetdini ;O]
26det E{?{&mﬁﬁ%&g i sggrgléft%f/e%?) ftcLaS%#é\% t(er'wzadt eria mg ?}gerrY t %oeS]ty of the flow
mdténial fropp Brefiisoyibraticaslpespoasaenil thhseeaslonibratiphalaesponsg comprising
aeleFRRRE s rcs g et b Skl eRBhElo ¢ B pabL Al () of he
firft TR, (A8 af debSiid Mb&I AW, P& /i, FEPRBIEcoHATtIde second

vi brational response conpri§ing deternining the

viscosity froma flow material density (p), a first

mass.f | ow rat / f the fjrst fl.ow a second .
2Tme e Aty $‘°§”r w%le} 6P Iﬁ’ga@gclo WE“’F‘P‘&W‘@ ghthege or Hore pickoft
sensioly @11 8) is shhied beaven thJirsofloottetien2203) andahe setond lovtube (210b).

the three or nore pickoff sensors (21 8) is shared

between the first flowtube (21 OGa) and the second

28f | oWk sbeatoRAf16W)met&8(5) fordebsrmiriny aMisositpo L4 flow)miterial,

deteerm ning.,a Vi scosi of .a flow material ., conprisin
comPriSIg s HP WIS SR FoLiEs & FRY PATHIT &2 e epBraes 4 frst flow
anfl la@BCITRIL fRSW iabe €51 0b) tddeBling & oAl PoRticheTARE flbWanAtsRE as a second
(210h) recei vi n%oa second . portion of the flow materi al

floge vtisthe yrbratory owmistar ¢ deieishatesicized 8% meter (5)

bei ncorhabratioéd (é@ﬂj) ONfigAred A RBBLtaHtHaNG sithd@fheously vibrate the first
configured to substantially sinultaned

usly vibrate the
first floigwike (2Hoxnding seerndstargnbe ﬂ]&b}/;ube (210b);
t hr §BreRlor MYrE pRIKGEQEAS0RE (E‘:IQF Sorfeutdd tocékrﬁgfagéjﬁ ﬁ?’st_tv?or?tional

generate a first vibrationa reéponse romthe firs

f | owt ube Tespmay frapythg fsstdinvdubs GrlAer) anthd secend aibsetidnabrpsponse
t he seco R e 2 . ontrollable orifice
menber (rz]fg%él ttt}l]\%étégg? g\%i des (an éljglllj(gt abl e restrictive

or i fa @atropably orifice oremirer €220) thatprevidesem ddjusablé restiatiye orifice
(210a), w ' = teictiv rhfd ce -

bei ng srr;laqz %g)rﬁl{l% zraf %Qg&i?%tg% ‘sﬁ %\%\ﬁ%’%{éﬁ%@r@t(ggdag’nvé&%mﬁﬁ]adjuﬁablc
t he cont rebtriableonficd (262) ban emnall@3Bin & hemkflowabe diameter and
ensuring t the first flow is.dif nt fromthe

Second 116 g Aol QAR L [ B Hrp oL i poas the et
(290) i s ftowmis diffeadyit Erotvotha G omdelcaw, phheraini thy carftrollable orifice

05) ' of crarnbSHSh) BionmaTab Wachisv S a6 e Sonfigurations.
orifice (252) being selected for a predeterm ned flow
20T O A bk S Mo theted (st claim 28, with the adjustable restrictive orifice (252)

being selected for a predetermined flow material viscosity range.

30. The vibratory flow meter (5) of claim 28, with the vibratory flow meter (5)

comprising a viscometer.
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30. The vibratory flow neter (5) of claim28, with the

vibratory flow neter (5) conprising a visconeter.3 1.
wabmsaitesat ory flow neter (5) of claim 28, furpdBUS2007/064007

conprising a second controllable orifice nenber (290)

in communi cation with the second fl owt ube (210b) and

i ncluding a second adjustable restrictive orifice

(252), with the second adjustable restrictive orifice

(252) being different fromthe adjustable restrictive

3107 | fie& ikhrdR%Y flowZmetEP £5)\UFRIAMAIRY flrtiW 5% ﬁgmé Q)se&fn)d controllable

claim28, further conprising neter el ectfoni

orifisa preseber 6290 én eomprnisation raththe kesond Slemsetres(2d OBAndsngluding a
se@ﬁﬁfdd?ﬁfa%?e teBeric 9@ bﬁﬁ%é @?s%i it the! sg&ﬁ{d' a‘ﬁ?\ﬁsltabrléercbg&%%%e orifice

I rst Iovvtu , recelrve e Ssec

(233)heintg diffatent frepche edjﬁls@hietrhsns@mmﬁcfd @%Rube (210b),

and determne a viscosity of the flow naterial from

the first vibrational response and the second
32vi brEtei \dbtatory deopomsier (5331f c]laim 28, urétten cymbiising mettarel¢cionics (20)

with de

cofpigh EEL R o* el PEkERFEPR T ad SiSikreBsrecde g frs
vitiratorsd egspansel feora theofist ﬂb@ﬁﬂ;@l’(s 00 OrEpeiive thegsed@idevibianiongl response

the viscosjt r flow material. densit
frop e FreLnV ik R dofersmng fisf R orFi, 9w ghageriel from the
firsteabratofd $&spbheundahée s¢codyl virafiora® épendel ow. 34. The

vibratory flow neter (5) of claim28, wherein one of
the three or nore pickoff sensors (218) is shared

33bet viERR/iblatry iflost m@ie@(\s)l&fe:laﬁ&l&a)mﬂar&térhﬁmﬁg mndscosny of the flow
fl owt ube (210b). 35. t hod of determ ning

mafprig] Seqnp yleoﬁrsfawmaé\ﬂp#erﬁmqna? apchthg se?qzxda\tlbqayomlcmponse comprising
def@?ﬁlﬁ{m% E&%I%EI{E}Q ﬁ'oﬁp:pﬁ&{v%ﬁgnal%ﬁgﬂt)a dt)}’a fifst h{ak.ﬁhlt)\ﬁgat% (m,) of the

first Tlowube Wth a restrictive orifice,

firbti fi@l, dnldaveudrel masdUsl cag (&, § of SedohdWlosf. a fl ow
material and with the second fl owtube conducting a
second flow of the flow naterial, with the second fl ow

34bei nﬁleds}lf)%lf%r? Mow ity H’)%ff c;lcﬁﬁltZSf lvﬁ\grel?{ b{?{]@f th8 $hie bt fn%'i'e pickoff

f1 owt ube he vibratory tlow neter a driver an
senfone(2d 8) isghareflibetyeonithe ﬁrat Seatube@d 0nznd theibrsond ﬂparltllltye (210b).

si mul taneously vibrating a second fl owtube of the

vibratory flow neter with the driver and generating a
35s ec o dnethdsk et detaraining spusresity afalfldeteatarialiing vabratory flow meter, the

Vi i .of the flow material fromthe first
m‘%‘%@éﬁ?@%ﬁﬁé'r esponse and the second vi brati onal
r es pantsaly r8érictiinea fiedt {lwsvtolhe withiame8bctive dritfideh with the first flowtube

O e UL SRR SR i v
t he fl ow comtiectirg) a §econd flow of the ﬂow material, with the second flow being
different from the first flow;
vibrating a first flowtube of the vibratory flow meter with a driver and generating a
first vibrational response;
substantially simultaneously vibrating a second flowtube of the vibratory flow meter
with the driver and generating a second vibrational response; and
determining a viscosity of the flow material from the first vibrational response and

the second vibrational response.

36. The method of claim 35, with the vibratory flow meter comprising a viscometer.
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the first vibrational response and the second

vi brational response conprising determ ning the
woe@sasiosy froma flow material density (p), apE1/1S1007/064007

mass flow rate (/Jil) of the first flow, and the

second mass flow rate (n2) of the second flow 38. The

met hod of claim 35, with the vibratory flow neter

conprising three or nore pickoff sensors configured to

generate the first vibrational response and the second

vibrational response, wherein one of the three or nore

pi ckof f sensors is shared between the first flow ube
37and Theemetbed pficlrim i utith dggrminies thetvisasiar otthaiflovamaterial from

thé’\ﬁ{s'f'ﬂ yﬁ#ﬁrdﬂapf SHs¥ aﬁh it §5€5§({ bt oﬂgf r'%%mcﬁls% @%gh&hh \i€termining

orifice located 1n the first Flowu
the estositytfrone adlow materiabdenyityg i), b dirsttrhass flow mta( 72, ) of the first flow,
fl owt ube dianeter and with the restrictive orifice
and e jecprd mast flowaatei(rig of thsvjerandflewer ent from t he
second flow. 40. The nethod of claim39, with the
restrictive orifice being selected for a predeterm ned
38t | oW ‘rrmhelhbdi bf viago 6§j with nlmgjbratdry]ﬂovﬂ' heterebimpdsof three or more
' nd restricti

pug(ro?ilf' sengorF 88 f{' ! he F]O % ;ast’:é t:hoen cfStf Y‘g{ﬁ%(’%al rewopﬁe ?‘h&/ t%e second
vilsratiomd respohnse, mhlemn on¢ 6f the three bgmoird piekefiicerdsomnis sh@&ed between the
trictive . orifi The nmethod of claim39, with
ﬁ%@ ﬁ? PRt qe\)ggc%}(f@?‘?fébﬁel ng substantially fixed in
the neter assenbly 43. The nethod of claim39, with
3o SR el S it e T SR Sective o
lod¢a@&d il thé Fiys ﬂb‘Wtﬁbé} QvifhOD ke st A e i fRE bemlgdBlaBler than a local flowtube
restrictive orifice of controllable{prlflce nenpbe
diameter and with the restrictive orifice ensuring that the first flow is dlfferent from the

second flow.

40. The method of claim 39, with the restrictive orifice being selected for a

predetermined flow material viscosity range.
41. The method of claim 39, further comprising a second restrictive orifice located in
the second flowtube, with the second restrictive orifice being different from the restrictive

orifice.

42. The method of claim 39, with the restrictive orifice being substantially fixed in the

meter assembly.

43. The method of claim 39, with the restrictive orifice being formed in a removable

orifice member.

44, The method of claim 39, with the restrictive orifice comprising an adjustable

restrictive orifice of a controllable orifice member.
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