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DETERM NI NG VI SCOSITY | N A FLOW MATERI AL Background of the Invention 5 I.

Fi el d of wbeodsnaesssi on The present invention rel aceasta7mcionbdr at ory
flow nmeter, and nore particularly, to a vibratory flow neter and net hod for
determning viscosity in a flow material. 10 2. Statenment of the Problem
Flow neters are widely used to neasure the characteristics of flow ng
fluids, including gases and |iquids. The characteristics can include a nmass
flowrate and a density, for exanple. The characteristics can further

i nclude a vi scosi f I Vi | ' i as a
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It can al so be thought of WISEGOSEFTYSINNACELOWMAWERIAL fluid friction.

A viscosity nmeasurenent may be needed in nmany. situations. A viscosity
measur enent may be needed when the end product is desired to have a
predeterm ned viscosity. ExanpBagkgro@ndof lie livieatiand ot her | ubricants,
where the viscosity of a produced or refined petrol eum product may be

r equi Ped to fall within a predefined viscosity range. A 20 viscosity

nmeasur emntFw%Qﬁemdg& or required in the production of syrups and ot her
food products. viscosity may be needed in order to control aqr
characterize ah$ PRESEHRENtigR srlates to a vibratory flowk sterepnd worepartieHarlystge of

Vi sconet efibiatord floW Alete? And nftIER eteWRRIIRS ViscosROGY a PlowsRAR @RIt is rotated
ina fluid. The force required to performthe rotation is neasured and 25is
used to derive the viscosity neasurenent. The rotation visconeter has
drawb@cksz SOWEYEE of 6Pkl 1S that the fluid sanple nust be renpved from
t he process pi Fel ine in order to measure its viscosity. Al so, various
fluids may exhFlemt mgtegy eratvidelsigeed to mpaapsthegharagieripiesipf{lowiag fluidsder s of
magni t ude;, | : r | L r |1
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A rotati of chn?&o%;l?gé‘ﬁn ARG ?fl%Q Pitsﬁs@&fc:e RraRRlid Pcacﬁéi 3t et L‘@he%:?"i ce

needs to be ¢l eaned and cannot retaln e ow material, such as In the

f ood liSndusttesy. Idrcan also e thdveght obias oressemce tnflee tooa fluidi frsdtiones. WO

2008/111983 PUAlJV%SZCOOg]Z{’ %Ge%QLPerent may be needed in many situations. A viscosity
measurement may be needed when the end product is desired to have a predetermined
viscosity. Examples are motor oils and other lubricants, where the viscosity of a produced
or refined petroleum product may be required to fall within a predefined viscosity range. A

20  viscosity measurement may be needed or required in the production of syrups and other
food products. A viscosity may be needed in order to control or characterize an industrial
process.

Viscometers 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

25  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

30 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.



Coriolis neters and vibratory densineters operate by vibrating one or nore
fl owt ubes that are conducting a flow material. Such vibratory flow neters
advant agewobys/dmsgot restrict a flow during operation. pcmadai7iosmn; such
vibratory flow neters conprise essentially snmooth and uninterrupted
conduits that are easy to enpty and easy to clean. 5 This offers advant ages
in many flow neasuring environnments. Summary of the Sol ution A
vibratory flow neter for determining a viscosity of a flow naterial is
provi ded according to an enbodi nent of the invention. The vibratory flow
meter conpri se I - I (p) of a
T ow mater! al  CoaniPhBErARaialors QBhyplrCof ol BB L pfiEBIYE (|
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t he fl.ow te%al in the .seconch)f | owt ube. A vibratory flow neter for

det er i niﬁg‘sg P adyantpeeSip many) oy Mg CBVEOBP§HSyed 15 according to an
enbodi ment of the invention. ThSuwihaet ef thefSobwtioret er conprises a first

fl owt ube receiying a first par ion of .a flow m‘aterfif‘al3 as a f.jlr.st fl.c%, a
second fl owt ub® FRRErY IRy BeEh e M5 tSTmimrg 4 VO ROk 4 B Pattenalds Preyideds e ond
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si mul taneously vibrate the first flqwtéjpge and the second flo%be. The
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second vibrational response fromthe second flow ubé. One of the three

pi ckof f sehswory flosv sieter dakthos tcompris¢sherehiricsive brifiee ldvatedna thehfrssBowhude. The
flowtube. The.vibratory fl erafurther. .conprises.a.restgictive.orifice
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| ocal f| dessuthen disecontidlovarate dfithe flest matiial/m the sédond flrvaubes t hat the first
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fl omtube receiving.a first portio f aflowmterigl as a first flow, a
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vibrate the first flowube and the second fl owube. The vibratory f]ow
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The restrictive orifice is smaller than a local flowube diameter and the
restri ctifiest 8pwtybeand feasesend Aawtutise Fhierdbratary fopsmetief fusthen compuasthe

second fl 2W¥rictive orifice located in the first flowtube. The restrictive orifice is smaller than a local

flowtube diameter and the restrictive orifice ensures that the first flow is different from the
25  second flow.

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

30 configured to substantially simultaneously vibrate the first flowtube and the second
flowtubc. The vibratory flow mcter furthcr 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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A vibratory flow neter for determning a viscosity of a flow material is
provided 5 according to an enbodi nent of the invention. The vibratory flow
met er corpoi2e@s11a98Bi rst fl owt ube receiving a first portipamuskooa/obdoow
material as a first flow, a second fl owtube 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

fl omubc. The vibratory flow nmeter further conprises three or nore pickoff
sensors 10 configured to generate a first vibrational response fromthe
first flo QPQE I | e fir. S ube.
The vi br aét,\%ﬁ%%? ?Ig\%rﬁié:tg Z’? ur ﬁ?}%&%ﬁ#ﬁ?hg%g%%natnﬁ dﬁ%gﬁg aorrglﬁﬁ?{i‘éﬂr)r@ Yer
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orifige nenber is contrall abl 0. achieve_a ural i of orifice
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mat eri al flowtaby rdeebliny ¥ fitdt portive effa flew piadstidl asl a deadiod, RGetondflowtidedi ment
of the inventjon. The net.hod_.conprises rtially . restrigting a first

{1 owt ube ERKIE 3rsgEen RATFIOR 06 Fer o MAfarial 1 ¢ Sgcobe SIAb Had & SREMARITVE | ¢ o
flow 20 odonfighte@uo BRstimitRally 3fiflultdiRossy Ofbdatt ki fidbRow RN WaH Shescser@Nd 1 ow
of the flow materjal. The second flowis different fromthe first flow The
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et erjo tdynfiglfed\s eRdttteGEMBT FbtdiBnal delfonke ol At iRG3HoWEELMBEL seRdd
substantially sinmultanegusly vibrating a second fl owtube of the vibratory
f1 ow net eYibigtippalirppogss frem thedeed by Eheswubaveryflayy mets further copprises

The met hodododolIBBE ofiFc® FHrh e ShA &V s Mt llj @t & FBidte Ofificb® f | ow materi al
fromthe first vibrational response and the second vibrational response.

ASPECTS communigaiopnwith shealanst Bewiubs. Tihediustaple regtiicties erifice isemalist thar e ve

orifice il%cé‘i?io%o%%ﬁétj%i et aH&‘ﬁEjeeéc]ﬁxI”u‘ShQﬁg oﬁ-ih%"tnﬁﬁb‘%} kl?éref\éiré&%ﬁle%%&t@ﬁ@ﬁrst 30In

anot her aspect e vibratory ow neter, vibratory flow neter
conprliSsesflew s differamt &pm the second flpw.e The pentirdiableapilide mémbérds vorgradlableytof | ow
neter, t r [ a second restrictive orifice

| ocat ed ra(r?hg%gw ecoﬁ%’ é%ﬁvﬁgggﬁ%&{ahéfie second restrictive orifice being
di fferent fronAtrhahodef détetminmgar vik¢osay of ¥\loR0Mm8letidll MEBHETA iSABRT 26t 7
[0 yet anglhorgasREhedt o B5pEhRIal 8FHChOWAIR! Ghe idlfod LLIRL Bh L L her
conpri sesP ELET Y€1 CIPONAES c8up e ot RE e er Ssserﬂ) y ARTEeR BAT gﬁr ed to
recei ve aehtrictihg ¥ fipstdlowanbd withspestsietive atifide) €THd first flowaibe tbaduates first Elosy
seco vi brational res se from.the . second fl ow uhe, and, determ ne he

¥ ovi At ef o) SRR R sergsd hbwR R Eo 88t 5 e Fowy 9t g Fo ReRRabcona
nmass f| ovlliedeeond flow)is Hiffutreritteorh ithiesfirsy flowatTihe madth S EApthis ordprses Mebratepad
vibrati Onﬁtl'st hgvsvtpu%gso?ﬂle vibratory flow meter with a driver and generating a first vibrational

response and substantially simultaneously vibrating a second flowtube of the vibratory flow
meter with the driver and generating a second vibrational response. The method further
25 comprises determining a viscosity of the flow material from the first vibrational response
and thc sccond vibrational rcsponsc.
ASPECTS
In one aspect of the vibratory flow meter, the restrictive orifice is selected for a
predetermined flow material viscosity range.
30 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.
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In yet another aspect of the vibratory flow neter, the flow neter further
conprises determning the viscosity of the flow material fromthe flow
mat eri al weneistymi¢sp), the first nass flowrate ( ) of treTfiseart /06400y, and

the second mass flowrate (rit2) of the second 10fl ow. In yet
anot her aspect of the vibratory flow neter, the restrictive orifice is
substantially fixed in the neter assenbly. In yet another aspect of

the vibratory flow neter, the restrictive orifice is fornmed in a renovabl e
orifice nmenber. 15In yet another aspect of the vibratory flow neter, the

restrictive orjfi C i.ses adi ustable restri ive ori.fi.ce of
Cont 1ol ] ant e ol et EnSREPLPEEDr ML ARl FhoP mlefeh dhe Fo/ Bl bleed cShoflees |
fl ow et emnetet blectra@iies capbeinblte metpnsseably Atideordigunal © rpéeikod firss @itgaticnal

configured to ?ﬁ_ner{ﬁtﬁ.atéi rs% Vi br.ationaldrebsgtonsiz fromthe first f& owt ube
and a sedSPRPYT PG PSARP L PBRHIETYOHITRRS SEETHWA FSRRRE OB H1Go5Y

anot her af@efibe Gindtdeteriity it Glow thRyia@rBity (H)) thefRisEmaSaN Bty (6:0))Rhd 88
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f rom the secomt masoflew nite (and franstbe dwst whistiandl gesplonseayitths sedond vitirhgorsd cond
fl owmt ube, wherein one of the three pickoff sensors is shared between the
first flJdKERESand the second flowtube. In yet another aspect of the

vibratory fl ovingrit @hethbN@pbdt @ tHEEBFatdry fIdR mcth e RS meBIBlr@ler b@pHEaNI CS
coupled to the three pickoff sepsors and configfiéed to.receive the first

) firs
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vi brati onghssBSP RS €ril ¥ St ﬁ%t%@@ﬁﬂdﬁﬁ@é@cmma%ﬂoﬂ%t‘ér(mz?‘%fﬁle‘ébé&ﬁisi ty of
the flow material fromthe first vibrational response and’the second

vi br dt0i onfddwr esponse. I n yet another aspect of the vibratory flow neter,

the flow meter, further compr.i ses 30 net el ectronics .coupl t.o the three
o ror o o ekt 1 S plEhet RTRG o R i o B BRIt ot | ol
response dubstantidlly fikedsin the mstaslassenmibdgei ve t he second vi brati onal response
fromthe seconld fl owt and det erm ne Vi SCOSj t)éeﬁ(%f. t he flow gat er.i.al

be
from the first RY%ARPHEHAsPertRs thswbratory Have melerothy rosHrtis WHigS 5 lmsAdna

WO 2008/ 1eb#R%3INCirifod demure 4007 In yet another aspect of the
vibratory flow neter, one of the three or nore pickoff sensors is shared

bet wéen the filisyetepeieutwectid thihubeatery{lpy msigruths restrictive orfiipe,compRses #br

aspect of adjiieablé BEs@licivg orifiRw ofBicBhtrolldbee briffvé MeM®Er.f Urt her conprises a
second control ] able orifice nenber_in comunication with the second

f1owt ube and 5ITxqtgapthgr aspeeicditkr wlraienydinve metar thearstorassembly cempRiseh t he
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restrictive orifice. o
first flowtube and a second vibrational response from the second flowtube.

20 In yct anothcr aspcct of the vibratory flow mcter, the mcter assecmbly compriscs
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

25  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

30 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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In one aspect of the nethod, the vibratory flow nmeter includes a
restrictive orifice located in the first flowube that is smaller than a

| ocal fI| owmotodsziidisaneter and with the restrictive orifi eeTassaviongot hat t he
first flowis different fromthe second flow. 10In another aspect of the
met hod, the restrictive orifice is selected for a predeterm ned fl ow

mat eri al viscosity range. In yet another aspect of the nethod, the
vibratory flow neter conprises a visconeter. In yet another aspect of the
met hod, the nethod further conprises a second 15restrictive orifice | ocat ed
in the second he. 5 n strictive ce bein er ent
fromthe rest rilc t{ ér %’,SMPEJ% otf ewgpa??l?{ﬂr %mgkeg’t%ne Ofgéeé% eor'%?ﬁ:gp fﬁ

det er m ni segsdrhiés shlasm:ldzetwt;endheﬁhﬂ ﬁdvﬁubermtchﬂheaécdhdd‘mvctthbe first vibrati onal
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Vi se0s ty fromtyed FEHPTRARRY 2 HORLTA R sy BE FIORCmET: st spppisss oy

the 20 figesébnd émw;ollaﬁd otrifeemﬂmi 1msmnfulnmuummth(th&1 Qe)coﬁﬂ flobeutseaand f | ow

I n yet. anot her as resfrictive o

subst ant .laff@mrg.%c 8°‘Fdna‘{1}‘r8a tr %%‘?é%‘r’ﬂf%? Sith the secppd Q%P‘taWSE‘Fﬁé‘F“S%ect of
t he net hagtifideeingediffetent ﬁ‘éﬁlmélaﬁjtﬁ&blfﬁreﬁt@frcﬂﬁﬁohﬂc@ rempovabl e orifice

menber. 25l n yet anot her % f the rrethﬁ the restrictive orifice
conprises an adjWEtasPFL OF p v@e ratepetley meterdReindey afsEcsve pridse

menber. jocated id fhe YRt fai%&hb@ﬂlaafsmlepfhah heos@ leWdubd fitméicPbad With th OW
nmeter conprises three or nore PI ckoff sensors conflgq ured to_generate the

first vibicaricBraprifiespsngae dhagthoferssBew g diffosms fioantic sceandfi@e, wherein one

of the three ofy HRkRr RigkPSf ths SRSRSE thSreshRli®d o RALVRRBILRA f3Pa f)%e'aétfemuned
fl owt ube and the second flow ube. WD 2008/ 111983PCT/ US2007/ 064007

Descri pt i oW gtaterid vicasifygage- FIG 1 shows a Coriolis flow nmeter
conprising a ngi&h aﬂ&tﬁ@ﬂmbé'qt%@%@ﬁkﬁﬂbd?%l@gﬁﬁﬁ{&fﬁ eter comprigeSa 2 Shows a
vibratory flow neter according to an e ment o e | nve%tlon

viscometer.
In yet another aspect of the method, the method further comprises a second
15  restrictive orifice located in the second flowtube, with the second restrictive orifice being
different from the restrictive orifice.

In yet another aspect of the method, determining the viscosity of the flow material
from the first vibrational response and the second vibrational response comprises
determining the viscosity from a flow material density (p), a first mass flow rate (71,) of the

20 first flow, and the second mass flow rate ( 72,) of the second flow.

In yet another aspect of the method, the restrictive orifice is substantially fixed in the
meter assembly.

In yet another aspect of the method, the restrictive orifice is formed in a removable
orifice member.

25 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

30 first flowtube and the second flowtube.



S5FIG 3 is a flowhart of a nmethod of determning a viscosity of a flow
material in a vibratory flow neter according to an enbodi nent of the

i nvent i onwoRbés/114983hows the vibratory fl ow neter accor dipog/useocanssobodi ment
of the invention. FIG 5 shows the vibratory flow neter according to an
enbodi nent of the invention. FIG 6 shows a portion of a flowtubc according
to an enbodi nent of the invention. 10FIG 7 shows the output manifold
according to an enbodi ment of the invention. FIG 8 shows a portion of the
fl ow meter according to an enbodi nent of the invention. FIG 9 shows
the vibratory flow neter according. | of the invention. FIG
10 shows a straight tube vi bra?jos%éﬁ?%@&n@@gﬁ?ggr ding to an enbodi nent of
15t he i nvent i ORIG.DethawsadCadisl srilgr imerer ebmiphisingravmater assembly andan&@8r 1- 10 and
the foll ovi/i qlg{Ndescri ption depict specific exanples to teach those skilled
inthe arf°AOW'®o make and use the best node of the invention. For the

pur pose of t eaElg.rgshomsantibratorp flowcmptee accosding ta anembbdibmalt ofithedatentibay e
been sinplifie r,.omtted. 2QThos killed.in the art w.l |, appreciate
vartadl ons. fr oRIG eS8 sl sctiod of fetGirinite 4 Hscstry SEaion ReraL B § on
Those skiVibefory fldwitet lac¥drtiingad Rh @fibatiEndut of tHeligvétdnur es descri bed bel ow
can be conbined in various ways to formnultiple variations of. the .
Cnvention. As BIG-dsbows thewibrtomilow et sgeardieipidng dingntqf & Yo gntion.

exanpl es descrried da%he Pibratory flow Yndtdt@cebrinBtoantnitiimeRMfitNain®Britfon.
25FIG 1l illustrates a flow neter 5 conprising a flow neter assenbly. 10 and

net er el ect r onF¥& xxhowgapartien gt flgwivbes aseordingteamcakadiment ffths inyeationy| y

10 vigy | eads 1f{§ t0sHIWRUhEBupShhifold FBSSTdingQY ah ¥hfbod AL B8 tid BVertRne,
totalized mass fl ow, tenperature, and other information over path 26 It

shoul d be appaFKht8 shewstigastian pf thedlovw,metes aggardingde ap smbgdmseniof theyent i on
can be usgdeitihndany type of Coriolis flow neter regardl ess of the nunber of
30drivers, pick-off sensors, flow conduits, or the operating node of

vi bration. | n BH&i%shoms the vibnaorydflowe meteragaordins totpatembpslimpahofitee mvesiamn

alternatively o Vi RE AL feasiL 9 ino t iment of
5008/ 111983PCT] %gglgo%’%%z?o%‘? bt BIne iRy A0 vy ?%C\é%fé‘ Joyan ebodiment o

pi pelisne theamgmeod01 and 101', nmanifolds 102 and 102', driver 104, pick-off
sensors 105-105', and flow it 0 .ver 104 and pick-off
sensors 105 and 105" are coﬁ%gagtégﬁ%ségﬁ lggv%gg%%ﬁﬁeg beA and 103B.

5Pi pel i ne fl anBK3S.11010 andithe(dllowing debériptma depiatapedifid esanifles rtdachGRose

Mani f ol ds

]

sk]ﬂQeZd in the art how to make and use the best mode of the invention. For the purpose of

teaching inventive principles, some conventional aspects have been simplified or omitted.

20  Those skilled in the art will appreciate variations from these examples that fall within the
scope of the invention. Those skilled in the art will appreciate that the features described
below can be combined in various ways to form multiple variations of the invention. As a
result, the invention is not limited to the specific examples described below, but only by the
claims and their equivalents.

25 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

30 drivers, pick-off sensors, flow conduits, or the operating mode of vibration. In addition, it

should be recognized that the flow meter S can alternatively comprise a vibratory

densitometer.



and 102' can be affixed to opposite ends of a spacer 106. Spacer 106

mai nt ai ns the spaci ng between nmani folds 102 and 102' to prevent undesired
stresses wo 2bdsomimendui ts 103A and 103B due to pi pel i neptwrusess/ov¥een fl ow
meter assenbly 10 is inserted into a conduit system (not shown) which
carrics the material being neasured, material enters flow neter 10 assenbly
10 through the pipeline flange 101, passes through inlet manifold 102 where
the total amount of material is directed to enter flow conduits 103A and
103B, flows through flow conduits 103A and 103B and back into outl et

mani fold 102 i i I ] ihpe!l Lhe: nge
101'. Flow con%ﬂ@e{fgg%)&gﬁﬁl %@Euﬁgaggﬁgtpé%@ggﬁg pr]ygﬁngt]@ﬁ)?%bﬂ(gd to
inlet 15 HRmrdol02', Hoi@ea i, pirkt-eff sermnisf 15d1 A0 2ndSlvasortduitt d02Aswdd03Bt i al | y

bendi ng. e AP B SRORSL Aot B Cefec LD Ao Bbhul Ao

out war dl yl3Bom t he manifolds in an essentially parallel fashion. Flow

about 20 t et rPgueaerye 108 and 0 At i mmieils 80 02 M FEET e
first outandf 102heschbdafficled & oppdeit©Endshet of dpavermd6e ISpatdril 06 malMinale sitiig Se
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al t er nat i BB did B YipdlcHares dWHh AU mche abfpasy N0 ickértddintadicsndagt h
conduits to oscillate. A suitable drive signal is a(i)pl i ed by rre{ler
el ect r oni Y§teap(nof shownhigh garmss fcfpateeial bayng measured, mypteral cicsHlewMEter 20

receines £88a6ly 19 BRAIgh tROpipeRASAddek W1 pdshds thr&%ﬁﬂﬁfe? mugif¥ld M2t Where the
el ectronics 20 produces a drive signal on |lead 110 which causes driver 104

a | g .
to osci | | gt smoynl efgRuarinkis dyspied iRjenterstiow pepdiitsel 186y #shl B8, Slovsribrovghes
left and fi@RbndGLsOM3W arki B3H $nd RPN Mad@HAA03' Whdte ¥ kit QReterd N OF der
to conpute a nmass flow rate. 30 Path 26 provides an input and an out put
means t haassemblynkd) thequeh the pipeliemflergel®lt.o interface with an operator or
w th other el epldu iy $084%na 109BARSCIddd By Borddibitel] dohnBladiigiefl mer el y
as an exanple of the operation of a Coriolis fl W reter”and is not intended
to | ikt mheifeldd®Riangd ovflethenifirldd 8 'tsojas e hayeosubstayiinlly the same mass
2008/ 1119 . [ . e‘wb‘! % '
accordi ng&?%%gﬁ&g’ﬁﬁg%fgngé? %{t P ﬁneld ielﬁiegérlﬁogﬁl.é%éﬁr@%l glﬁhgéggﬁﬁl_ y O&ngrY
repl ace tiespevtively. d3wdhiw yorkinits ExtehGoutvardlyt fnemhdmanidolds il avessentenlys,
wherein thaeralr]'rgtferhigssenbl y 200 can be connected to the neter el ectronics
20. The fP8W Teter®b incl udi ng the neter assenbly 200 conprises a
vi sconet er t haFlogr oiduéts 1034 aud 408BIatey ddedrnetyridrinadri 104 if oppasite |divactimisaaboat .
However, jt.should be understood t th | ow neter. 5.can i.tionpall.
or ovi . rineir PSPt & ond 0 o af el TR e 60 Pufaes T ot
i ndi vi duainofit efhielfRey frictdr] Dafidr 1 02 magrdnipride ba¢ by maaasueliki®in drfahgements, t he
flowmaterial. As a result, the flo m.?bgr 5.can additionally co i se a
vi br at i ng*¥§84S AIBHRELMoYREgA &0 SwesSRABH 103A 86 A apBeSme e AL FoRledt 0N 11 ow
measur enegdiluan3Be AWalgehsin! @areand paksedwhiduigh thd\eppospolfto tige both

description and clains. The, neter. el ectyronic 0 in one enbodi t is
confi ggr eﬁpqd&}p@%?sﬂléat?.hé spjtalle drive signal is applsle by meter electronics 25r,e an lead 110

25 to driver 104.

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.
30 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.



fl owmt ube 210a conducting a first flow and vibrate a second fl om ube 210b
conducting a second flow, with the vibrating being perfornmed by the comon
driver 2180 20sz11mwBer el ectronics 20 furthcr receives aPCirnustooziobrat i onal
response fromthe first flowtubc 210a, 15 receives a second vibrational
response fromthe second fl owtube 210b, and determi nes a viscosity fromthe
first vibrational response and the second vibrational 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 dgigr al t

fl owt ube 210a, a 38'@3@@3 nT%és}? &hﬁ ate ?é?{%&q? e ?ﬂg@gg%{g@{gﬁ‘@\y\%ﬁ e 210b,
and the fThewnetet esssfmblmamyeplp;te the meter ass@felyd@mfdﬂGprlobﬂmmbmqmébwl ng

oo Bl SR G 908 chlodLSRSHLYe Bl B .cpfe)
t hr ough tﬂtce)v meterS iatluding thé nmmmg&aml&y éOO kamptibes ares@meatarthatqoovidesh y

the fluid d I pah, rat e
hr ough tREmt arerEmaud hud A il Hv 8, fshoB - dRgBRRRaEE & R
first fl anetens caleddigeomilly grovide aiass ﬂawansasbﬁehmms aidlwdxhgma@aﬂoivl ow regi e.
A fl terial of | at h | f
during | CRPAETREES ru&?né&%éhﬁ%»%b%ﬁ%?é@ i i AoR eI GUTRRL &
subst ant L g hwrg%hm a0, g f5'chE aBEBRRMIPAR AR S\ iDlaBle. :jzor

| ami nar flow, the restrictive r| I ce may nee significan
smal | er tdeasitemeterand/én oGoribls ﬂwzenescr aéthmaddawaéﬂhwgne@nmmmmr e

drop 0 C i ank. tj: e

2008/ 011 SFIBRI I “7}')6@? %"i%é&mﬂ%g‘:gc RL&?%%@%I rrents the first flow
and the secondTh¢ mmealebctrqmas 20 bsomnembddimentuss sohBgured Itcowbr@gthveﬁrsw\ | ow
V|sc03|tyflo er| bi t ur bul ent ro t y le flow
oo, sutho e dTo tdhentte s pREROR Indbir oo el PUBRRRE £
pressure. seécsnchﬂowswith thet hbrafnthengtwrfoaﬂned by tlimeadmmsn dtiven Lﬂoérlwndenen t he

second fl owt ube I have a rglative 0 e hout the
o coance St ey RGyd Bt vinsichal Bipdhe Rtk e HREaREEBe Ebfve
orifilse Webélvmﬁ:cbﬁd bidratidngl ﬁ:lspcgh'e Ifyons thel seesnd flantubb @ 10l detepmintsa si ze.
Unf or t unat eI sur. equations. for the.lani nar and turbul ent
flow reg i Phediah fibrathetl spioaee S s Stcanll r T EePRic Hnf or C he

| am nar fddqwldxemdmeﬂes elkbtrotits 2PiaFhrthe@detn@idetthiis| fRIW rdiésOadr£@indRy of
Therefore, it has been probl ematic to, design a viscosity measuring Feter

that can the fshilraand eseeqndfloynd The §ﬁ°‘?ﬁ"§’c°6§|tli‘%fequ‘EJP?i§et5’H’almF‘il frogsa

bet ween. The Rl Wik e, § 8 hD &R HRRHERR 5 f0al § sl TAAS floNErabllm Of ofRRE HBBHET S
separately for each flow regime and have an appropriate fl ovxfrestrl ctor for
a deg0r edflowsibo2il Oy, and the ﬁowsnzttynéll&'denat}g@))The solution can i ncI ude

enpl oying a repopvabl e o | f)l sut tﬁl% P ¢
restrictive or P& CHA 153 S%‘I‘Eé?eea&““‘%ﬁ 6‘6&%‘?@5‘% ‘f‘%’é‘tug ) raag?g‘“s%"&fé
orifice r’ﬁffﬂlﬁds amhk ciacosiig cas edrytty asaniictoasr fout brelefd af\ma@ﬁmde The flbivaftuid

restrictaor Vld dditiona essure dr.o

b essur o sap How e B Gilar o & biderRpeh st o8 il e S mepige
fluid. A mesmﬁd ,Ghil wet &iral IbwCogh sdi@iHaethediréd¥icadrop trbupin ez rhéter ot
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vel o ty ‘?"é:egsi“é"sl pat ed downstream as turbul ence. The pressure drop caused

by this energyificysd &abodimens, thBFir@ow i@ EWeCordl D@ bRy i d Subklastifryessur e
equation that is independent of vi scqgsity. Wthout this term (using, for
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in one | ow
smooth and undisturbed and the pressure drop is high. For laminar flow, the restrictive

30 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.



25 tube as the flow restricting device is independent of viscosity and
cannot be used to determ ne viscosity. The nmeter assenbly 200

i ncl udes wofnesstiigsBowt ube 210a and a second fl owt ube 21@bT/USb@7fo64081 and
second fl owt ubes 201a and 210b in this enbodi ment originate froma conmnon
inlet 212 and have independent first and second outlets 213a and 213b. The
two fl om ubes 30 210a and 210b can include flanges at the intake end (see
FIGS. 9-11). The two fl owtubes 210a and 210b include flanges 244a and 244b
at the outlet end. The neter assenbly 200 can alternatively receive

separ ate | nput foltther em (ahrgen%g tng¥'mt$|%UI r%t esca: BH or\;vaglrlefl sulgs ?ttlaﬁ lits an
lnput lntOtWOS , I'n or O determ ne VISCOSI flow

mat eri al turbuldne ﬂowndgnmes Alew vlmombeﬂs\anmtemd wiillsixhibét lvulekﬁdlcm attzhe samne

Tt 9 WO 2008/ 1 Us200 t he
Lt put | oraraserania B st ge Sooriav e hgr o8 ¢ e%fﬁﬁwféaar? S oe can

conpri se Iirmurmdmaafvdﬁn,tthé flow mittetiahim théfitst fleweutbdemdsianke $Hceﬁ($ ﬂb@ﬁut&twiﬂlhe
the fl owm ubes 210a and 21

outlet. In one enbqdine conpri se.

ubst dnt I3 TeIRRE MG PrSTGEED SYEe N, eATERRAE! §EF S ICNS B8 BB ment
shown i n thifalent Qo) thetesEidt 6 6rificd@iIDHécdith Be bhBVElipAES sthbllar @nal thzligbalcan
conprise substantially straight flowtubes. However, other shapes can al so

be used, ZOVUBF 8ZGi thin the scope of the description and cl ai ns. A

common dri ver Bifortufiate RS e@%ﬁ’é’\&‘r%g ehBftidnls 16t thE hamhebamPdtriandidshe second
fl owt ube 210b. The comon dri ver i's configured to sinultaneous|y

vi br at e tn§8inqgsrazg difigreptd Theretore, an m%é@wzmﬁl%@lzmdmnar flow regnGst er

assenfpl Y £f@phiAal fof ittt SfovP et BET TRECHKRE fit ﬁ&rb%%ﬁixr&lénaﬂ_@ﬁ s Qiff
sensors 218 gre coupled to the meter eiectronics 20 the | eads 100 (not

shown) . Casesiiy) ewmrmarnetemlm g1l gsammasiaisdipsie ow ﬁ%mgﬁémffpélvaoﬂmds é@adors
are recelﬁlﬁgsﬁp% “essed by the neter electronics 20. 15In a first
enbodi nment are ‘pi ckof f sensor 218 is |ocated between the first

f| owt ube 210a Emisalitorstodhe groblamis ioeplinGz: thiset efiparaetpisskpiratebiefos saclp18

bot bt ne ¥ Ledite AR RREL 5y BpiORARE nbWicBhichher { SSRERTRA AR O
pi ckdfsf sengorTiRI®ldam mnpcluéeemptdymg awntm@bbemﬁqmmmbér MGSularana
downst r eam ?I Cka?c? ?eg%leglvg b fl} [ getle r}pt%Po gﬁﬂé seﬁec of a I%Ir}l%géblg %ﬁ | r

coupledté’ PR R
i ndepe ndemémbeﬂ:mﬂltdaﬁrbalusece&pmm‘gufd thnflombimatet. o’mheﬂowhestfwtos prdvidastanbe 2 10a.

AR T RN e R T e ST
response disgipatvd kinali¢ ofergy of the fhed OAdrektrioit LIbEficlthsmallee dfaniesdr/starcthsetdend
nengient BLEkEL! 120 RRISS R1A A AN 210L0 con B supeorLed by ey
i ndependediksipitedk @bwnstfoaiDisSurblBerite A THe Piddsire Aép L€l by this energy dissipation
is the only pressure drop term in the pressure equation that is independent of viscosity.
Without this term (using, for example, a venturi instead of an orifice), viscosity cancels out
of the pressure equations. As a result, the flow ratio in a meter with a venturi in one flow
25  tube as the flow restricting device is independent 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
30 210aand 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 :



in a fixed position by the support structure and neasure notion of the

vi bration of the corresponding fl om ubes. Each of the independent pickoff
sensors 2Av®2008ans218' b t heref ore generates a vi brati onacTrssponssof or a
single fl owm ube, independent of the other 30 fl owtube (and i ndependent of
the other flow stream. The neter assenbly 200 includes a
restrictive orifice 252 located in the first flowube 210a. In the

enbodi ment shown in the figure, the restrictive orifice 252 is inplenented
in and provided by a renovable orifice nmenber 250 (see al so FIGS 4-5).

or 111 oo’ 280 % P STATBGe 588, 2Ry R Ak kB s R AL BAIER ik 87 e

in a fl owanlwendiide (weendepdedt fora strhams thao hipanthi sgme prisyures atdhcloemﬂ oy a
control | abl e ifice eF heaco n t)
The figure shgf\}\lsonaeernébﬁ\r}glg téglggll ce rréelﬁ zgggﬁcoman%e nﬁ)ﬁpe{s{ts‘rﬁlé (?(ve
orifice 2idwvtubbs as slsdwi.cAitemmatively) men%ﬂaoldﬂnﬂﬁshbmmﬂl@et@m&fﬂ@mﬁd ow
passage qf .the first fl ube 10a and the corre I assage of
Phe” od: pdrcldrinr G isod 0¥ AB Pifio et Frbatanbor o bt c: anped.

t rapped, Iedswe\tdiedsthexsﬂlabed ¢hnbidoRAIed andUird Qlithid fieGeoptAd the dedchiption hpdit

mani fol d 280. Although the restrictive orifice 252 is shown at an outl et of
a flow ufe®™t shoul d be understood that the restrictive orifice 252 can be

positioned at AryniEdmdrivdr 28 6fid waﬁtu@@et«o(f&hewﬁishﬂowerzmlaﬁ@ﬂwset:bﬁcﬁ 252
reduces thc flowrate in the 10affected fl owt ube. one qut put

mani f ol d BBYUPE 240 whhe gemmop deivex £ 1 sconfigwrd fosimultasousht WgTaF%ﬂ’@é'EStZMa
and 244b fRNeaddPEIwtBeOPE0LIndM0B, F €Spective output nanifolds as long as
the meter assenbly 200 maintains, in the two manifolds, substanti all%l‘ equal
upst ream pr esstReMELE ¢S THRNS 20@ean pelude three or fqur piakefli spasaps 21heThepiskal
orifice nRARRS 228 QrLUphA t&@t’i@&@!ei’@l@ct'r&hléﬁi’o H?m@éad)sfl 8PLHRWLS. SOCket
etc. The restrictive orifice 252 can be of a predeterm néed size and
can be ofCensgaeandlyethei vilrational sesporries fmni therpipleadT senseis aze regnivod and prasessgd

accordi ng,J fe AL AGL& IS /s of the flow material, including the viscosity
of the flc?; fcmterlaf' HES restrictive orifice 252 can be selected for a

pr edétser mi ned ol ofirshamépdigtentiasthesidipyckodihepasorihd is deatdddictweenghe firge 20252
|1 I. h
estr otV e pie iEReRel o B | 8 Srd BRIk R EerBP R dolidred 02

and nakestotgeaerhteoa/\slraad:cbvmfatbhel respomse frbowibratiphef bbthsthe fﬁlrs)\ﬂdmhbe 2]](1}aaddess
t han t he Iowrt f flow,n.the s Wtub

oatri ori08SHrebortn Do R raloy Rk i Sa PO R ook Bind g fosim

fl owt ube ;ﬂa:lafffsé{ﬁoﬂ'hlea H@thtiﬁaﬂﬂixbkbfﬁﬁﬂfsgly conprises turbulence in the flow.

Th t t t nt The .t
vont 9 “as useh Mo BRRPRsRCkeEt fmeer D8 Sissabbled fo Bre o fnmeRdine s cn
cont ai ns conffigdie!tb @enératefd fist Avdeperidehd vibetiohy raslgmad&ain ViBEMiOADE thefirfst ow

area such tha f the tqtal flui essure conserved, wherein the
Le I}?Sa R second independent plcﬂ(o%: sensor 218 b is coupled to t dhe seconcf

flowtube 210b and is configured to generate a second independent vibrational response
from vibration of the second flowtube 210b. The first and second independent pickoff
25 sensors 218’a and 218’b can be supported by any manner of rigid support structure (not
shown), whercein the first and sccond independent pickoff scnsors 218°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
30 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



static fluid pressure is converted to dynam c pressure and then back to
static pressure. 30The basic equation for pressure |loss (AP) through an
orifice cwopnissases3Ay: vi2 AP - K 2 WD 2008/ 111983PCTPUS2BM706400D7
Where AP is the change in pressure due to the orifice, Kis the kinetic
energy di ssipation coefficient, pis the density of the flowfluid, Vi is
the flow velocity in the first flowmube 210a, and Vo is the flow velocity
t hrough the orifice. The above equation represents a total
pressure drop due to the kinetic energy that is 5dissipated through (and

after) th 19 AT oY Yoy b 8 h e dissipatio oefficient (K
"L EpRahiuR i o RS 100E D Bk IR A Rb BRI cuh shiBly )
(13) conr cagmllableatrifce oferbliee 200 i($deddGH. drfedret th¢ dodommanying tbxthe di anet er

di of the fi t .fl owt ube 210a. =1= 0,24fl ~_.52fi..2 = .1 3(2).
e basi o equal e fiyd Fhapea 2endvanit ofied membsr 210, e e aRt e dhifiven,
]E he Dar cy2520 Thmrre?tﬁatri]veéqnjﬁce‘ 25211is !p\iﬁtiﬁné’(} '()éﬁve?]n thfe flow Page cﬁftthg iﬁ(sSgtﬂapvtubeh
riction ctor, O t he | pe, s the engt (0] t. e, . .an S the
ibe. a0 ot o carrpRidis b nesaet o, gupymeniin 200 TR plovhnte®
expr essecorifice fiémbér, 2501dar belBtarpddyttadped, or otherWibehéld bBEYeehantdudleRRyiRl ds

e A e 8605 1 2L e M PE SRS B0 SR 1

of a flowtube, it should be understood that the restrictive orifice 252 can be positioned at
any point in a flowtubc whercin the restrictive orificc 252 reduccs the flow ratc in the
10  affected flowtube.

Only one output manifold 280 is shown, but it should be understood that both
flanges 244a and 244b can attach to one or more respective output manifolds as long as the
meter assembly 200 maintains, in the two manifolds, substantially equal upstream pressures
and downstream pressures. Alternatively, the removable orifice member 250 can be

15 received in any manner of receptacle, socket, etc.

The restrictive orifice 252 can be of a predetermined size and can be of a
predetermined shape. The difference in size can be selected according to characteristics of
the flow material, including the viscosity of the flow material. The restrictive onfice 252
can be selected for a predetermined flow material viscosity range. The restrictive orifice

20 252 is smaller in size than a local flowtube diameter (see dashed line). The restrictive
orifice 252 therefore restricts flow in the first flowtube 210a and makes the flow rate of the
first flow in the first flowtube 210a less than the flow rate of the second flow in the second
flowtube 210b.

The restrictive orifice 252 causes a loss of kinetic energy in the first flowtube 210a.

25  The lost kinetic energy comprises turbulence in the flow. The kinetic energy is not
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.

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

___Kp(V02 —-Vvlz)
2

AP 1)

11



64p | pV2 32,ulV (5) APlam pVvd d 2d2 For a turbulent fluid
flow, the pressure drop (AP) can again be expressed by the 20 Darcy

formul a: wopws2ii#83= f - d2 But for turbulent flow, thePCmiuskéoamesoartor (f)
has the form 0.316 Lab - RC 4 This turns the Darcy formula into: 137
.316p41/ 341/ 4 WD 2008/ 111983PCT/ US2007/ 064007 Because the two fl ow
pat hs through the neter assenbly 200 cone from a commobn upstream pressure
and join at a conmon downstream pressure, the pressure drops through the
two fl ow paths have to be equal. Thus, a second flowt ube pressure drop
4132) can be S u A firs ssure_drop (APQ
gl'he fl)ow r at esa}t%ﬁyeg%ghs@ﬁ ﬁ%n 3 ﬁpﬁsg W 8§° %fémqwe d"%'cneé‘fr qual ,
however, dissipa®e confficidnbyvg isbhe damsitsiofi shet fhww flast, M,ds theeﬂcmv ivElocity Bbthe AR
AP2(9) fi'%%tggegiq%angq}jat{herho(“?)zelgcaﬁnty&ro pARRLakgd i nto a lamnar flow

regi me vi

The above equation represents a total pressure drop due to the kinetic energy that is
5  dissipated through (and after) the orifice. It should be noted that the dissipation coefficient
(K) is a function of the orifice diameter ratio (f). The orifice diameter ratio () comprises a
ratio of the orifice diameter (do) to the tube diameter (d;) of the first flowtube 210a.
K=1-0248-52p3%—-.16p° 2)
The basic equation for pressure drop in a flow tube can be determined by the Darcy
10  formula:
[ pV?
d 2
Where (f) is the friction factor of the pipe, (/) is the length of the tube, and (d) is the

AP = f—

3)

tubc diamctcr.
For a laminar fluid flow, the friction factor (f) can be expressed as:
15 S = 64 _6du
Re pVd

Where (Re) is the Reynolds number and (w) is the fluid viscosity. Therefore, the

S

pressure drop (AP) in a tube for laminar flow comprises:

6du |l pv? 32uV
AP, =K P K )
pvdd 2 d

For a turbulent fluid flow, the pressure drop (AP) can again be expressed by the
20 Darcy formula:

! pV?
AP = 6
f— 7 3 (6)
But for turbulent flow, the friction factor (f) has the form:
0.316
fmrb = 1 (7)
Rc*
This turns the Darcy formula into:
137z
316u4lp*V* ‘
25 AR, = 2OMTDTE ®
2d “'

12



equation conprising: Pian, - Kpd 2 vj,r2 (10) 64/ V2 - ) The
flow velociy terns can be derived fromthe mass flow rate and density
measur emewoabtizisaed by the neter assenbly 200, where: PCITitS2607/p6M0vT ( 11)
612 PA 2 V2(12) 15The term (A) is the cross-sectional flow area of the

fl owt ube. Consequently, the velocity V1 of the flow material in the first
fl owt ube 210a conprises: rit V =1(13)

Because the two flow paths through the meter assembly 200 come from a common
upstream pressure and join at a common downstream pressure, the pressure drops through
the two flow paths have to be equal. Thus, a second flowtube pressure drop (AP,) can be
assumed to be equal to a first flowtube pressure drop (AP;). The flow rates through the two

5 flowtubes 210a and 210b are not equal, however, because one flowtube contains the
restrictive orifice 252. |
AP, = AP, &)

Consequently, equation (9) can be transformed into a laminar flow regime viscosity

cquation comprising:

10 U, = Kod” ), Vo - (10)
fam 641 v, -V,

The flow velocity terms can be derived from the mass flow rate and density

measurements obtained by the meter assembly 200, where:

m, = pAV, (11)
m, = pA,V, , (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:
m
v, =2 14
2=, (14)
20 It should bc undcrstood that the flow vclocity through the restrictive orifice 252, i.e.,
Vo, comprises:
d 2
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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pAi The velocity V2 in the second fl om ube 210b conprises: 6 V -12(14) 2 pA
2 20It should bc undcrstood that the flow velocity through the restrictive
orifice 280,2008/419831/ 4, conprises: V =V x V0d2 d2 0O(15pCcWusc@70d400s t he

di ameter of the first flowtube 210a and do is the dianeter of the
restrictive orifice 252. In this exanple, the restrictive orifice 252 is

| ocated in the first 25 fl owt ube 210a. Li kewi se, equation (9) can be
transforned into a turbulent flow reginme viscosity equation conprising: WO
2008/ 111983PCT/ US2007/ 064007 4 Pturb

4

501
Kd*p* (Vg =V3)

/’llurb = 3 7 (16)
.316I(V2“ —V;*J |

Equation (16), along with equations (13-15) above, can be used in order to derive

the viscosity in the turbulent flow regime from the measured values of the first mass flow
rate (), the second mass flow rate (1, ), and the flow material density (p).

5 In the embodiment shown, the first vibrational response comprises the shared
vibrational response from the shared pickoff sensor 218 and the first independent
vibrational response from the first independent pickoff sensor 218’a. A first flowtube time
delay (At;) comprises a phase difference between the shared vibrational response and the
first independent vibrational response. The second vibrational response comprises the

10  shared vibrational response and the second independent vibrational response from the
second independent pickoff sensor 218°b. A second flowtube time delay (At;) comprises a
phase difference between the shared vibrational response and the second independent
vibrational rcsponsc. A timc dclay (At) thercfore reflects a phasc difference between an
upstream vibrational response and a downstream vibrational response of a flowtube. The

15  first flowtube time delay (At;) and the second flowtube time delay (At;) can be used by the
meter electronics 20 to determine various flow stream characteristics for the meter assembly
200. For example, the first flowtube time delay (At;) and the second flowtube 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

20 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.

25 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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5 Kd 4 p 4 (V02 -V) .316(V24 - 3 (16) Equation (16), along
with equations (13-15) above, can be used in order to derive the viscosity
in the tuwbubentiifsBow regi ne fromthe nmeasured val ues ofPCrrhus2607/06400TRSS
flowrate (nil), the second nmass flowrate ( tii2), and the flow materi al
density (p). 5In the enbodi nent shown, the first vibrational response
conpri ses the shared vibrational response fromthe shared pickoff sensor
218 and the first independent vibrational response fromthe first

i ndependent pickoff sensor 218 a. Afirst flowube tine delay (Ati)

conpri ses a ph di ff rence bet en t he shar,ed br at

ChePi Ter 2 RORRE nle SGPEF &Y BRI ool e ROMH  od it R Or R sl GR R Tn8R s e
cpgpr i _sesT]h&mecaaﬁki Ednﬂd\faﬁle\brfﬂoatmmb&r 2565 pRan Méﬁ&h §ebezl1(csﬁaﬁrwve bdﬁgﬁgdﬁm R
vibratio res nse rom C I ndependen CKO en

Cocond 11 Bt dERRE PR R R S Bs EPORRRAS bt PPErRAR LUEARER ( he
shared vidizais maaécdhe:fmﬁﬁ'@e 2000, s sackdonetdenandiind qu&hﬁﬁﬁa@ﬂ@between

response. A tinme degﬂ % t herefore reflects a phase difference betwe
an upst r BAmEtEasteahiY20P aad ap cutryh magifald a0, forrrmpls: Altonativele dhosrean f a

f1 owt ube. refldR abrelorifitt nidnt¥r IO cdd EBinsidcehe(cBipbnéMdnitNicla8&AHih fleoWt ube
tinme delay (At2) can be used by the neter electronics 20 to determ ne

vari ous fieswWictve erfirehad and 1Be peond sestaptivarifies B2bassenbl y 200. For
exanpl e, the fiirBbulh!beWndbStobl at Ml SbohddslridRe okifie §§§@B&h ﬂié Qb endd me

delay (At2) can be used to determine first and second nass flow rates

(till) antcpeqong)flowtybe AHh rEpwoever, the seepndirestriefiva ¢reficg %ﬂhtciawg)ttgqb@rgtqmn
|
The i st PEERER ho Bt Sl R © e ERSHY ol RAGHOC CRllieduBialy. the |

fl ow st r e@ond\festidtios dlifice 2HEL fuktHe diffefent ﬁ@m thatr&stifdthie orif@reske restricted

to be less than the secon
By proper select?on of the removable orifice plate 250, the meter assembly 200 can

be configured according to a desired flow material. For example, if the flow material has a
rclativcly low viscosity, .e., thc flow matcrial has a low rcsistance to flow, then the

15  restrictive orifice 252 is chosen to be relatively similar in size with regard to the inner
diameter of the flowtube and the meter assembly 200 is operated in the turbulent flow
regime. Correspondingly, if the viscosity is high, i.e., the flow material has a high
resistance to flow, then the restrictive orifice 252 can be chosen to be relatively small in size
(i.e., a large change in diameter) compared to the inner diameter of the flowtube as a large

20 change in flow rate through the restrictive orifice 252 will be needed in order to create the
desired kinetic energy loss.

The meter assembly 200 can measure a first mass flow rate (#1,) for the first
flowtube 210a and can independently measure a second mass flow rate (1, ) for the second

flowtube 210b. The meter assembly 200 takes advantage of the phase-locked loop of a

25  drive algorithm. The drive algorithm can lock the phase between one of the pickoff sensors
and the drive signal, using the 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,

30 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.
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mass flow rate ( riz2). Consequently, the flow through each fl om ube can be
nmeasur ed i ndependently of the flow through the other conduit. 25In one
enbodi menyo 2068e111988Wt ubes 210a and 210b conpri se subst apciraisbyo7idsmbaped
fl owtubes, as shown. Alternatively, the flowtubes 210a and 210b can
conprise substantially straight fl owmubes (see FIG 10). However, other
shapes can al so be used, and arc within the scope of thc description and
clainms. WD 2008/ 111983PCT/ US2007/ 064007 The figure shows an
optional second renovable orifice nenber 250b (dashed Iines) The second
renmovabl e orif | u S nd ve 0

2525, The secoliPatine fpf Ryttt kel HEERNUEh O TE nEbubin i or 1iSs
appr oxi nefled yn odreflewtube 3§ a@ indepchders of dredldw dwbuglethz her cohiwit. cArﬂdye done

to maint a, uni f or CII’I etvvee 5.t he ter ase

out put | B s s ERAE A TEN R Pe Bt FolTyC R AR s PaBl RuRE
orifice rmaﬁse‘rovf&ﬁhnoﬁms mﬂﬁ‘m;] the twnelmnmm“mlhe mlna-tplbla?ffudtsgr gﬁtdﬂ abdembly |
restrictiyv ori lCGZZa t he econ tri t|ve oriti , . t
roul 5 b et hA iR et S Thene el Fiavnbe s hs tis Ssahon the tise

smal | er tduddy éﬁwrxmawH&EMMeZIQbaam\mwe TAhlearﬁf)&Q)'ld restrictive

orifice 252b cannot rate f]:Os,e d nmass f wrate tii2) that is
equal to the finyastrady 1‘1}‘6%“ S f-enp f“feyl“‘E‘Hé“@g(l?S PeEPricti ve

orifice %&%bmﬁbbsandbeptms& terashcefis ealbmaedrbeabédntheveldeﬁﬁéuoﬁ@ ag@dutlet side  BY
proper selection of the renovable orifice plate 250, the neter assenbly 200

can be cdiekaffirefdhametirdiThip Rhysqdifesencads ¢yartpsinde painglegme delaydAD) andfis t he

f1 ow jgat gfdeako Basmfink 8l fRf ¥@b¥nt (QVENVAsSCARstow tat i , IR CxAMPIY), BISAHI8)inpasS a
| ow resistance to flow, then thc 15restrictive orifice 25215 ¢chosen to be

rel ativelthesawationr in size with regard to the inner dianeter of the

fl owtube and t e r ) 2 operated in the turbul ent
PeL &S$ g ry

regi ne. Correspondl ngly, VISCOSIty is high, i.e., the flow terlal

has a hi gh restgd 2naR1 T terblsQ¥pretdif @alhfi@ﬁdrﬁé‘ﬂddrﬁ&'eﬂﬂeﬁﬁybidﬁﬁ% madureARRnie
chosen to be relatively small in size (i.e., a Iar% | change in di arreter)
&

conpar ed tegpachEely n b thigipaption,a %}flgkeﬁeeaﬁvr@weph%mae ay {Ahecap beaeth
f1 ow jsat entLALAEW! NBe ks dd18Y LAMS lﬁdjﬁgmv@o}z&anw delaybft zeﬁﬁ@%zbolﬂeqrxﬂ@aemp

create the desired kinetic ernergy |oSs. The neter assenb can neasure
a first nEgsro (A7) qomnsises ¢ caljbragen faﬁ@rﬁhaﬁ 48 defwmw%en@m@—%@m cengitions.

i ndependent |y e t
fl owt ube 210b. ﬁ?ﬁé%ﬁe%hg}égcgge 1%@8&%&%@53%%%%@&%{%&{5 ﬁﬁ:ase | ocked
| oop of aindépq;idtmélcwtgbﬁra afithe th'rb@pldkoﬁf gemsbymetar hmemiﬂy R6ek The eeap¢ma§ethat in

bet ween BE g o 1ﬁ$19ru8é C&AhE iRRREOH z%é‘ﬂgw ll?cﬁ{c]%i Lé(rfiﬁgh&{]%%’ 8&?11{5:\81&% € Thisis

phase-1 oc cont I guration. nveni en ared pi sensor
218 @&n breud mlneadldnctheﬂees tioinvie omlygorl offtbe tvgo ﬂpWﬂthe’s yIn &,e ttailitiimgl Hdwanttage
of thIS|OCkIn feature in the o§3|ble

f SNS0 [ ange
20 have EruGhLRRh Ao hd:08 RiER i AR RS HERARER ek s EnBEPR ©
have two ¢acHepadidenAs piresuttf thesmhmd sphas’é(noah hotdppgart asta plixde pdﬁﬂleme between

v 2t OBk SRR ot ol e Mol e TR0 U550 dgadgy e
addi ti on, cdnlte dsed lﬁedlemrmk aftfin oades 06 detatriniak adloeomw Iisetraditiohd e meteeedback
i gn32I5 that | SInf éjorntcrggtr int g(iIn\];eO I’10 eﬁ]ettlr%% zla.rpcpsecond Hg)\l’vvs?regl gare independent. 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
30 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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WO 2008/ 111983PCT/ US2007/ 064007 Al t hough the fl ow t hrough each fl owtube is
i ndependent, the neasurenent of mass flow in one flowtube is not

i ndependewD 2008/t1ie83f | ow t hr ough the other conduit. A fl eaeTtuse@agbioone
conduit induces a phase in the other conduit. Because of this |inkage, a
new mass flow equation is used for the two fLow ubes of the three pickoff
sensor neter assenbly 5 200 according to the invention. The new dual

fl omt ube equations are based on the tinme del ay experienced by both

fl owt ubes 210a and 210b (i.e., At, and At2). In a traditional dual

tube Coriolis.fl , I bet t | owt
e o by b HRe 1 B DR I o B e B R LA 1% 5
pi ckoffs of the NpERT (AdhLphpsg -did kehenGer %,e@tg,vsﬁzﬁgxl(m%,& m,ggdl@)

time delay (At) and s IO us€d to deferm’ne a fIow”anouit (such as 4 hass
f1 ow r at evhere thef subs@karpke)s totjie G floyitoig: 2102 aguhe buncript FEFerx td e - At z) *

{enper at urboEAR TR 2108 T pescsBhd Tl <Shftons oLt B dbe i gpest e

ol 2y ALy o o ot od Ty ot e el oy Bt sero (Aay Ehe time. del ay ot
Sor o (s o pha Bt 6 0 el spiafons (1phtadif1of fat bf b linaReimisisn CREORICRR 1 ow
condi t i Orepr dblemkmaly mhddi ffow FaEl ihiverahowabes DI oyakdt Bbequat i on i s not

adequate for the two independent flowtubes of the three pickoff sensor
met er assenbl yHowmatten dor @ms dalay yatugs of the fora (4ea). the werssapt oidengies

i nvention,, t fl ow i nduces. some,pha in.bot.h flo bes. This is 20 true
even whor ViR Ao s SR TR T RE°TE Aoy 1 oipe pp Siicliront g istold

t r aditipi On@dwiub®1 0B tBén the eERUERa v AITRINDE bW eTBaS €3 s 1 NI HEbRRAPE B

fl owmt ubcs, the induced phase is identical in each conduit. As a'result, the
i nduced pleastes dueBowtybe dimb @aribrational péspersedis bt mgancmavistirome Thetedorendie
conduits and js,not,a factor in calculating a result. Therefore, .a,single
(e del agPisin o b time pefyamrsine far fhe oo AF e yeheainrareion if ot o
in a traditi te iy 2R - } i | and
second fﬁg\%vhg%l?iggjndé%\g%@ réi%%é%%% %A‘éa%zé {:%}hg é%ﬁ‘g’r%%’g%@%[ﬁ%g{e&%%%@ééﬁ%y t he
two fl owsfilBflowtubt @1 0d @theRem tHefow Wahfdughithibesond AeReily 21.0ba Avggpsrsctiprof at e
equation based on a single tine delay carnot be enployed. Flowin the three
pi ckdPf szene denaies no-Jevetamditiongwheistube yahied A, ) densdesp fimgelayancasugd and

b, h f Ly.exi i f th | bes.
ndueed paLRaROoREs 378 RReltif ! Sodfife Rt e ksiondier k"

requir ed drder eaolorfnooftéwi kenditionr der to measure flow. The fl ow neasurenent
can be for one.or two flows..One.llustrafjon t hi neasur enment . schene
o be i1 ot rHbusve s RHE PERS S ons GLDARA19) dinbe e Yor AL mini S BAE

flow stream characteristics. Equations (18) and (19) do not take advantage of any

20 symmetry. One possible form of symmetry is in the time delay. If the time delay is

symmetric, i.e., if:

At = At (20a)
At, = At, (20b)
Aty = At (19¢)
25 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

30 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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tht -FCFL1(Atii-Al1z13x(1-TcixTnj FCF12( At 12- At zi 2) x(1-Tc2xTnR) (18) th2=
FCF22( At 220A0@24)98X - TC2 X TnR)+ FCF2, (4121 Atz 2,) XxPCIAST@7/08400m 1)
(19) where the subscript 1 refers to the first flovvtube 210a and the
subscript 2 refers to the second fl owtube 210b. The second termin
equations (18) and (19) (i.e., for the "2" of the 5 FCF12 term for
exanple) is required due to the fact that flow through one flow tube

i nduces a phase in the other tube. Equations (18) and (19) can be used in

t he neter 34Ni es
210a and tﬁ%ﬁ%{é}ne nai4 %(Sa%&% g@%ﬁgﬁg Jgﬁg a(y %J]{étgygog‘ 9%%% 40% Qalbiﬁég %H‘?
super scr i fiot th fashidoetibe 210a andhihel{Afd, pvalue tsehe seto(:ﬂnducahhnglddmhﬁd fowthd f f1 ow
i's being can g S en | me, del ay
val ue w I1° Ig&lﬁ‘%wﬁ‘r?tegfl g#m%i?% W Cfﬁgraglﬁgsccrtlopt enot‘é’s (% afnfirlﬁkt& &% hat a
vi brati onaﬂlbrmp@nsﬁicnentdaﬂmrme decemited biyrftow tekisamdfsabsequéndtly aralused inMowy i S

t he t| me ggcalﬁfr ttéhe second fl owt ube wherein the flow is through

the first® fHWatively, the value (At) is the tine delay
measur ed for tAedmonauy,fther fowichibvatibe f&i&acmﬁwraworbetdyﬁuﬁétﬁw Isthide8gh t he

second fl ow-t ube t ro, denotes a no-flow .
condi t i orPI% e(lzﬁ}t‘?ije(zéé Bﬁ{ @r@@ﬁ ii‘ﬁégp'ﬁlée g’é‘f}é&? %J&W ‘é‘?ﬂﬁﬂonc he
first fl optiebemay 88 aphekihatelyRgmindibitalf 10VEOPS ~ BCW), bTak spmbietrd/ e tkommon
driver 216 under a zero or no-flow condition. However, a sinpler

f orm of éiﬂ&éﬁ‘?%%o‘(lﬁ!S?ﬂ‘éﬁ?ﬂc theopalibEAtioR PreResY f or det ermining the flow stream
char agt eri sti CPhe SHA! toGASashASvodRsks (Y rAQ HLY alts@krf‘akéqlt\c’fﬂﬁﬁlﬁgzeto%eéﬁﬁé 20

symetry. One possible formof symetry is inthe time . If _the tine
del ay i s «ddifirma} process variables bemnd(Jzﬁatye Iya masy Hoyratgs. nFora}nbtA@ce( ifrne ofdhg 22
At 2(20d) fbeRbESHEAIRDS re(s%r?&tw%’lﬁllﬁcl'%e l?ﬁ:ﬁ?@fethe Twh 6w rafeflcan be @élét’eli t€§ ( 1-
Tc, x Tm) + FCF12 (At 2 - Atz2 x(1-c TnR) (21) riz2 = FCF22(At2 -
At z2) x ( 1dyrmganc Xisqparty+ Aagtizer pomntial apzpthcat)og(wpgld becthe megsprymentof coating on
the interior surfaces of the flowtubes. Such flowtube coating will induce an unbalanced
15 mass in the system and this unbalanced mass may be detectable through a ratio of
amplitudes of the two resulting flowtube vibrational responses. These are just two
examples of what may be feasible with a flow meter that measures two independent flow
streams. | _
FIG. 3 is a flowchart 300 of a method of determining a viscosity of a flow material
20  in a vibratory flow meter according to an embodiment of the invention. In step 301, a first
flowtube is restricted in order to cause an unrecovered kinetic energy loss through
turbulence generated by the restriction. Because of the restriction in the first flowtube, the
first flow rate through the first flowtube is less than the second flow rate of the flow
material through the second flowtube.
25 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
30 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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The T ternms represent tenperature nmeasurenents. The Tel termis the
tenperature 30 of the first fl owmube 210a and the Tm termis the

t enper at uwe 2068/t1ins3first flow fluid. Likew se, the Tc2 terruosca7iob@or
tenperature of the second fl omube 210b and the Tn2 termis WO

2008/ 111983PCT/ US2007/ 064007 the tenperature of the second flow fluid. The
(Atzi) value is the zero flow calibration value for the first flowube 210a
and the (Atz2) value is the zero flow calibration value for the second

fl owt ube 210b. The flow cali br ati on factors FCFl11l, FCFl12, FCF21, and FCF22
are calibrati o) §t§ e§64| She 1%cos1 Etharf?ovg a?enml lnsecget %n];el:cp Ny tee\%%cosﬂg%an be
subsequently are dsed”in ¥ ream-c arac eristic cali ions.
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process. 10The ability to nmeasure two nass flow rates may al so make it
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Vi scosity, ntial application would be the neasurenent of
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304, rlli.%he v@?c%@?t%m S pw@lncru%grzrag%é &EC%’.? erm ﬁ%g@@f’r%ngltlhg% (t)hscl (t)t%&clgn be
det er mi neerdér toraredie different flpinhratasitstragenrtbs umélewaitest he second vi brati onal
response. More i r.o

determ ned fl O%ﬁ@ﬁ%f%é@%?'ﬂé%%ﬁ%&? 4\(46)%8?% {’)]#Pg é&ﬁ(}l?ﬂ%ﬁ@ | rgfdce {)ch\l/ﬂlrbﬁ & (M
) of the dauntarsifk 383 than decaivide thermeimowmabls ecifiae pfaltea%(} aCenEuently) tlmfremheable

ts ﬁc ond Tl g¥fice Jlgtef%a % PRlifed ﬁ‘ém‘éa{‘ﬁletf)’an&é’ baa bhE ule Ju%utfnlnﬁlwfo'ic?ﬁgo SV

25 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.

30 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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second flowrate ( th2) can be determined fromthe first and second

vi brational responses, as previously discussed. FIG 4 shows the

met er asswohbes/@AdB3according to an enbodi nent of the i neemtusesnzo&Eloerents in
common with other enbodi nents share reference nunbers. The neter 10
assenbly 200 of this enbodi nent includes a common flange 244. Both the
first fl owmube 210a and the second fl om ube 210b are termnated in the
flange 244. The meter assenbly 200 of this enbodi ment can further include
an output manifold 280 that connects to the conmon flange 244. A rem)vabl e

orifice plat eu][%p qu@e%$d€§@§8ﬁ§$ﬁ%gﬁﬁgég$ ciﬁbggmgéoygﬁ“’%%gfé@ con

244 and the o mani FERDVADI ori ate
15i ncl udeorathe Iresasfcttiv@rumﬁoe%ﬂusthava pmmdlfchsenaﬁ-zecoasrapteeanerg;slbys di scussed. As
previ ous!ﬁ)f di scl t(iileresqg restrd 25 e orifice 252 is |ess

0 % t.hte It cgl
condui t RETE 2 ‘hrbwﬁ’ Phe° f°|°§“d’|"éea"ﬁ8 PSS "JFSS%‘? R 2‘8

pl ate ZSQeWermHMmm&hergmdnki oon{r@ftsanbadldto\ptrmere However, it should be
under tood th e.renovabl.e o e 25Q.can alt atively include a
Cacond ool L3 Anogirtich 86e hPFRR D Geraing 1 A oot oS the

20al ter nalhtrMﬁldﬁr iTh kigie embaaﬁldnncd I@didivgblb\mmé ineniles 250 rsep&mcfﬂea gndidsthebe
snmal l er t SgtTﬁ in or o .cre i fferent flowratgg bet ween t he
two flowt © FSTROGD °o<ail gpeny %r%ﬁ ARG mTes e ivR QUFGE pof> 4tani f ol d
280 can i Hédﬁ AiseHENE The reBOWHM €65 EkmedBet T5U can@felhieled At éﬂﬁéﬁﬁﬁb&
orifice plate 250. Consequently, the renovable orifice plate 250 is

retai ned ‘B@P\Xb‘éﬂowclelgnge 244 and the output nanifold 280. The

25renpvabl e orjf dopfe RhBEEMERQ, BBRetSvMe bisASE mPALE! 24 yan%mi&ﬁﬁ&sint&tween
the flange 244 and the outgut mani fold 280 in enbodi ments where the

r enovabl e future ebthg|flantube§1Q. sFerexpaply, theemoxpbly opiéiep mesahes 280 can be held
Al ter nat i melo¥itioh b rlf‘éﬁﬁ\{ﬁ'&leeﬂé’&fufbh 9@0 pAfhfeﬁla%@Ql Che r@ﬁo%tﬁ%ﬁﬂcé’ﬁ%e%%ﬂ 25he

flange 244 "and thé output nmanifold hows the neter
assenbl y m@ed@hbmmqsgmdayamnmmgm nharm% in hbanemféhn ﬂgwtubsolllﬁ ihprother

embodi me ”zhterﬁ e the trérh&%b‘f@oﬁﬁ&% fn%ﬁlb%zg%sd San' ¥ hefd I aﬁﬂsﬂ'ﬁon li){‘r f%steners

enbodi nent e restrictive orl nmpri ses sem ofifice
252. MO zmcﬁtﬂmlsgaa@mi oIBA0RZ$106 a@dbers, etc. Folrtexsmplcrl tllebemond:éq: Qtlﬁgfd t hat

any .Or i f szég xa%ﬁ)a(fa?i%oglg)n%mlsggﬁgntla-ﬁx%eﬁg ystrci\’p gfi xlngfeggl t?l t%alég%e.ra(ﬁéars{ ctive

orifice uces a no covera
Conseque npdryally ﬂ'adlaﬂlggmmpu:essmb farrindertden @S2moaalndh yet)ﬂmtheretltanma'm tthe or
ot her restrl ct inetic engy% and converts it back to

Ny Ie i er Coéspc B eldh 1 1
pressure. BIE'E°E 'ﬁS\W%"éeﬁ ah o5 held 17 PSYiEeR %% cording to an
enbodi ment of Inhaothey enibodiiment)tht hérfoetbookifids e mber 200asalbompeist hipoetisrenber

250 iﬁ) pogfi t'ﬁl: ﬁgsvgublerbsllodo% ctan %e fixed in the flowtube 210. For example, the restrictive orifice
252 can comprise a weld bead extending at least partially around an interior of the flowtube
to form the restrictive orifice 252. However, it should be understood that the restrictive
orifice can be formed in other ways.

FIG. 7 shows\ the output manifold 280 according to an embodiment of the invention.
-25  In this embodiment, the restrictive orifice 252 is formed in the manifold 280 and comprises

a controllablc orificc membcer 290. Howcver, it should be understood 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 and claims.

30 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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fl owmt ube 210. The renovable orifice Menber 250 includes a restrictive
orifice 252, as previously discussed. The renovable orifice nmenber 250 can
be i nst alwedoesntiowsand renoved fromthe fl owtube 210. 10PoTaso®7@sdmodi nent s,
the renovable orifice nmenber 250 can be held in position by a feature of
the fl omt ube 210. For exanple, the renovable orifice nenber 250 can be held
in position by a bend in the flowtube 210. Alternatively, the renovable
orifice nmenber 250 can be held in position by a narrowi ng or change in
shape of the flowtube 210. In another alternative, the renovable orifice
menber 250 ca i Lt t. 2ner s, 15.in | SPI.Ngs
or other bi asﬁ]gee?r(g’ oglra sl?' ogﬁ??%—%ﬁbeg?ggﬁﬁg{e ‘{rﬁ%&ﬁ@r%ﬁtvsggrvg 1%)I(’x|9 f@ég&r)rté) 'éiF
250 can conrpdérge nmksulssteatnictiat byifibeP 2 brgatarismatiér. nddweevea) tht battraltablde at

| east partiﬁclelrx I;lgdiﬁol%n%oc Irlgsse(gii for i rilgehti on.or renoval . In yet

anot her al ternative, “the refovapre Sroved Ther 288 can be held in

posi ti on by frThé camnrollableaitifich eerstydr @90 i thie, erhbwiimenmshatvindndudés ceurvedrber
250 can co ise a portion 20 of t flowtube 210 or_.c fixed in the
1 owt doe FHGESsBr mBaHG PRemetely il BTt O585 iz HoMpYT s aidel o
]E)ead eﬁt €755 3@ in¢lui@ast shape tahcghdées rEitb ﬁHMto&ﬁgithilﬁﬁic?gul@f rekﬂid%tif/é aviﬁu@eﬁz.o )
ormthe restrjctive orifice : r, ..t sho e understqod that the
restrictive orl¥jom¥ %W‘{S@e?%ftgéﬂo?tﬁg@{ﬁ%?“% e F@éj()?‘:@‘:]r'&ﬁéect“ﬂ%ﬂyut put
mani f ol d 2Bt Gtetdin thd On&B1ISHIE QEIdE Rlenter DO chl ¥6 Rdved to eitargB ok Réstrict
embodi nent, the restrictive orifice 252 is forned in the mani Tgold 280 and

conpr i sesthg stz @f the Teatpictve P> Zrdiistiph 99 ombpdigeaps the ponteghighlcprifiec
undert 0agetBat 260" GnAA s bl Ay theQhéibd QecHEHTRET0, 23 GAMAMLRF BREkMGEY 20 e

formed in a flange 244 or can be positioned between the outlet flange and
the out | etanmpiiopaivicontinl thesizgime/orohues oibarestietis ifiseiZdPce nenbers 290
are_cont enpl at £ aichoRfst pUrfich B thB i GOREerbly 00 E5AloRb R Rnfbdirhth!IJTE -

30 The controllable orifice nenber 290 is novable to create a restrictive
orifice 2bgimvfentignyilhg/fighreshowFhecomunen Bangedid andi & pastiomehtnduity @8¢mandye

t uat od ) . o
dosi red. 2B BHOEPAddnirli] DD o GiGE TR AaRRL 214 o VA b bidertada B
290 1% t hdteemtod]yntbame¢rassenildy 266 fchy irchdict sspatatedanigns 344keand; 23 4ivels sho e
restri ctiyeyer b ;131% h8: AsSERGY 280 i g{ﬁ% ler?l'iabdi'f'r%%i’n%?lhdeg D& o012 lrﬁﬁéee
orifice nmenber 2 can be configure 0 nove 1 n other manners. e

cont r ol | alnkmber 290, sechhasdenlvg 36r ¢éxanipie Ehdcalitrdlablesdrifive memberd®99 can barived 5

end 255 that nmaintains,an, approxi.nat el ircul ar restrictive orifi 252.

Cocoor . | qittmaRaba i 3P AR O IR fayuibel SRR Eortiable e rfamtariBo%at
circul ar Besdtidted Inv@rder tofprowd@ fehid modify) the festivtive @iified 262Nt s, t he

controll able ofifice nepber. 290 can el.ectricall ct uat ed, rein the
Con P 1 anl e ol encmEhBeD: Begonanuate fubet Gt bl tin 6 StuediPriid e

si ze of thetef eRtirbhits €. Thé fictet eBlttonich 20 ah sélBcteddattolas1e orifid€ member

control | abl e,orir;‘dége %0 menber . 290. can . be vabl e bg t he neter ?I ectronics
20, wher &Y ErelQIP @ TR A CLOTHEPESIAS- ‘ifBFFﬁTF'f} EIHeT ot canriglect 3¢ and/ or

shape of ¢dueroli@Bleldrifide \Weerter ipoSifior Based on an antfcifateBorgir@designded flb@n of the
met er assenbly 200 accor dlcgﬁ to an enbodi ment of the invention. The figure

shows a cOAeHR! Yiseasyy- Inaddifion.dhs,meter sipchpnics 48 ¢t Befomnannmansat( or an
out | ets mMagynfvetgdndSRoftmnStd Berdférelchf abiuaRraRe edrftrollablesdiffiledn&Bbatrder st ood

that 15 alternatively the nmeter assenbly 200 can include separate fl anges
244a and F£oKling tosgigiual or anticipated viscosify of the 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

30 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
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in FIG 2. The nmeter assenbly 200 in this enbodi nent includes a
controllable orifice nenber 290, such as a valve, for exanple. The

cont r ol | abbeoewilissse nenber 290 can be in conmuni cati onperius2@/ob@ast one
of the flowtubes. The controllable orifice nenber 290 can be actuated in
order to provide (and nodify) the restrictive orifice 252. 20ln one

enbodi nent, the controllable orifice nenber 290 can be actuated by the
meter electronics 20. The neter electronics 20 can select a controllable
orifice nenber position and therefore a restrictive orifice size. The neter
el ect 1 oni Gfeaflln 6 heSEL AR nSEBART B! 3L ArQTIdbASARILS | uPaR 300 PRGR] O
an anticipated or pre- esrgna e ow mat e vrscosrty n addition, the
nmet er el e&cto@tplclsom Sersars %i@bfamdmlérwcandrmppmﬁe@lﬁj agnwmenngeof eigad gmprotthm and
therefore h oII rif| 29 cGgording. to an
actual or tr%x% olt! ?ﬁ({)}’ﬂ%}r §1(1:1g§31\§ {2 cﬁl %I{AIIS ma thﬁexed pogltl% tge support
Advant ag esnmtuye ammmmmesaetamde mmmt(m dfhhze crbrd:tmldf allnd enrmspcbmdmg fiewiogdye. 290 can

b d bst anti al | f I iti Th
Cont 1o | UPECTs F SETER e S A aekel s P B FEL BB b Be ey |
cl osed pasi dl'ffexr&nt ﬂiheﬂfecuihppatt katétars3ingioydd foe tiesebedd ggﬁoﬁaamu gband fully

accor af ne A0 aPERHIaRsEvR (bt Toeubes 24t st 21 G B Sllabb R SR 11 r ot

f1 owt ube :Zrmamu 1g B udRBeAtPaflbwbhafdcterstip hidh Qfrbms P tHe f&iBAowRBe 218a and hat
are positioned to detect yibratign of the first flowube 210a. The second

f1 owt ube e OBIriofsrcoad Pickofscnsars 248k anii2 |51 b srqrats arfloy sharegisrisity 218' b t hat
are posi thenarat ¢5it8s secdhd MR RROB1 bl 1983PCT/ US2007/ 064007 vi bration of
the second fl owtube 210b. The first pickoff sensors 218a and 218 a and the
second pi ckof fFEeIOshews 2aBaightitubegngierterply 0B gerardingdy saebediment off

rigid suppehdveation! Ciithe doMUdimBAMMe NMRHE! 21 0ak8dR 66 afd subSRARAILY srdigid 1N
a fixed position by the support Sstructure and measures relative notion of

t he vi br aktskepldpe vheer&teprl b Shrameigr p4semblH200 of this\esvhadimenfecan ipsede one
struct ure t ﬁﬁr\ﬁgr or
di fferent hfa%dr# aﬁlﬁgjﬁ F(%?ilt §|§[Pr Eltl:t ure e@ogﬁgﬂjgﬂ?&r %1%8§E§%§gfggs ?Jgﬁlgf?m
sensdids 218b afbe @b@t@ry ﬂstp'omewrtﬂndtm@hod)#ccmbng Foothe inipeen tipn @an hﬂdmmmbd t he

f f
D ok o KEBHL B LSRR SRR UG AEREA! Bl iasion e
second pi mbmftcbrysﬂme ortr 2d¢&ivdimgdo me&’nbexgmms:raatbe oaen‘atemmsdmsm@en sThec 10
measur enen ato rﬁ)he 2 (zjnrtl eﬂ'HJVg en ?!)es a v1bbra o(%l r?enlpetgﬁot rﬁtgasure %ﬁlsgt & csﬁgtttxaopht

tube metef' 45y ac ot an e i nve
this enboa:lﬂcmnhatemdde lﬁlleo»\ﬂtmtneﬁ ﬂﬁiﬂaeandn&&ﬁmoareaatﬂabs tva;nbmatek;obé qm:gllyt It

shoul,d be ndersto th t he ne er, assenbl f th|

ol e o SRLY B REfor »dri AG SRGhel TR vrataY Tow THEeTEnt set
of pi ckof émabks ajvasostr@ter% bd Qieklyvard akidy ye-Edufiguns] fof a&h!&(i' ek hodertt cor di ng
to the invention can be enpl oyed according to any of the enbodi nents in
order to provide several advantages, if desired. The vibratory flow neter
according to the invention can be operated as a visconeter. The vibratory
flow meter and net hod enables a vibratory flow nmeter to nmeasure the
viscosity of a flow material. The vibratory flow neter and nethod enables a
vi sconeter to be quickly 20 and easily configured for a particular flow
material. The vibratory flow neter and net hod
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enabl es a visconeter to be quickly and easily re-configured for a new
flow material. WO 2008/ 111983PCT/ US2007/ 064007 What is clainmed is:

1. Avibratory flow neter (5) for determning a viscosity of a flow
mat eri al , WOi20¢p/uMgBact eri zed by: a neter assenbly (200PCTOHRINGOGIeQY
to generate a density (p) of a flow material, generate a first nass

fl ow rate%%) .folr.a%i rst flowtube (210a), and a second nass flow
rate (th2)VPgHS §3UBEERd 1 owt ube (210b); and 5 an adj ustabl e

restrictive orifivaRatbRPRIw Hetér (SPRk delchnilig HVistdsits offe Flosr maR9i@), being
| ocated in the first flow ube (210a), wherein the adjustable
restrictiwhaoefefizekby:252) ensures that a first flowrate of the flow

terial inthe first fl 210a) s | . |_ow_ I gt
TP Shet 1 ow e B0 SRR ablel RG OFGPRdelueial
vibratory flow met ergelohf fifsh Rlaf8 flow YWtb id NRr adirstoWalise 2204Y, bid & ¥&ond
orifice (252) being Selected for a predetetm ned flow nateri al

viscosity range. 153pddddiow RkALRNYof 4 QonE FIBtvibR)200b)cdrd M 1, with
the vipratory flow neter (5) conprising a visconeter. 4. The
vi bratory fl ow aneidfrstabbe restiictivaomifids (252iy dftsecontroliphle siifige memben@P0) located

restrictive orifice (252 |ocated.in the second,.fl be. (.210h
wi th ![ heI \s/econ::l fresjtlélfd%ﬁ lﬁ)ﬁbﬂ%" Pg%ll%("g??%?-ﬂﬁeﬁdrﬁ@t%% ’lfjeé GPF%F{? (e
adj ustabl e restrict 'e}ix?ur@g itat & Birde $R % rate &-th%ﬁ@w\fhﬁéﬁél% ﬁlefﬁr@ﬁ"ﬂ&l&&lgé (2010a)

(5) of claim1, further conprising nmeter electronics (20) coupled t
the meter assenbly (i2083 thanc secofd fipw ede bHithe dlosi materialfintse second flowtube
vi brational response thmthe first flowtube (210a), receive a second
vi br attfonal response(2 m t he second 25fl owt ube (210a), and determ ne
the flow material density (p), the first nass flowrate (rill), and
the second mass flow rate (th2) fromthe first vibrational response
and the sécond Thebilattoon Abwrrestpos of claim 8, with éheddiwstablde sestrictwe aefies (252)
(5) of claiml,. further c risi determ.ni.ng the 30 viscosity of

the 1 ow (st selete ?frﬁ‘PW@%P’&W@P&‘?%FH%}&%%%W?B%? the first mass
flowrate (th) of the first flow, and the second nmass flow rate

(1ti2)y50f sthe s@eoffabhPiow dMRASPE B IRHhESARASL 8D Yeter (5)

comprising a viscometer.

4, The vibratory flow meter (5) of claim 1, further comprising a second restrictive
orifice (252b) located in the second flowtube (210b), with the second restrictive orifice

20 952b) being different from the adjustable restrictive orifice (252).

5. The vibratory flow meter (5) of claim 1, further comprising meter electronics (20)
coupled to the meter assembly (200) and configured to receive a first vibrational response
from the first flowtube (210a), receive a second vibrational response from the second

25  flowtube (210a), and determine the flow material density (p), the first mass flow rate (71,),
and the second mass flow rate (71,) from the first vibrational response and the second

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

30  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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7. The vibratory flow neter (5) of claiml1l, with the restrictive

orifice (2@®)z20bmiimgg3f ormed in a renovabl e orifice nenbePCUEEDPT64807

The vibratory flow neter (5) of claiml, wth the neter assenbly

(200) cor‘g)r|5| ng 5 three or nore pickoff sensors (218) confiqured to
a

generat e 7a fi rEte Vibmyy |ﬂ@wameﬁeé€5a@ﬁ skaim dowithile reptrigtive polige Be2) bang)
and a se HQ &/fn erQ]?i oﬁ?@?ﬁ&%ﬁﬁ]& ggg}the second flowt ube (210b).

9. The vi ory W neter m1l, wth the neter assenbly
(200) conpr|5|ng 10t hree pickoff sensors (218) configured to generate

a first vibrational response fromthe first fl| owtube (21%8 and a .
second vi%r at i Drearibiaisp dlesanetentd) oh elaie d owih theometsh assembby200) granrprising

one of t f

{1 out tbe Lok o5 Torb HERL s8R F) S ahibek o BORHE p I RIS kb e e
met er ( 5)thé fifst detveuby (D1 0x) aad Wisswnd lvﬁbtatwnaarefsb@ﬁ/yertwnemeasbcomdmwme ng

a first fiomube (210a) receiving a first portion of a flow materi al
as a fird21%ow and a second fl owt ube (210b) receiving a second
-portion of the flow nmaterial as a second flow, with the vibratory
flow nmeter (5) being characterized by: a conmon driver
(104) confi gur{e}ﬂ vibratup sloanthétat (5Y of cledih 1 pwib tisd Iylet‘e&i' Wsahblyt(DGO)fddiﬁiinsmg
20f | owt ube 210&%{ and the second fl owt ube (210b); three pickoff

sensdfs (regpickeHiseniore@ 18 bhcepbiearedite eanerntesirgh vipratipaal spsppnssiaera dhe first

fromthe I gl%a‘\;“g oo QPR from
t he seco#gwrﬁ%vézdgg#g%o%g, lglr%g?%ﬁéﬁsggg%d%%e tfagrelge p1 c‘&@?? seng’ors
(218) i s vdleagirdnbdef theelret prekbifrsetisotd @08 Lis ah{red Betveam thet firet B@etubd (210a)
fl omtube (210b); a 25a fir restrictive orifice (252) located in
the firs@d Fl-[’éi/ﬁeﬁ‘?}'é{]’?‘?‘m'g?d]\ﬁ?’Sh the first restrictive orifice (252)
being smaller than a local flowtube dianeter and with the first
restrictive orifice (252) ensuring that the first flowis different

f roml$ he 18ecordvibkasory f&ﬁimernéS)\/ﬁobdabmi;airfg aovisesiteof éﬂ):waflatcti@li, m 10,
with the first, restri v i.fJ ce .(252).bein ted

bt edet or RPREESPEAHISITRY CPBLGES PR ATISe oo ThEBoTapaboriys st fow
meter (5hn@k s@éo%ﬂrﬂogﬂQub 21 Db )t R Eeivin %%E&fn)d oM HEhE flothateAMs laSefchdd
vi scometer. WD 2008/ 111983PCT/ US2007/ 064007 13. The vibratory fl ow

met er (5)lows wﬂﬁhwmtomﬂqmawt@&mql@ elgracterzedda: restricti ve

f 252b) | t 210
Cestrictive oPiepRuan St (1QT AT o SRRl Dbl vl BEOROE
orifpge (252). 5 Powtdhe(2Uodrat digsebbaiionide (£Hb)of claim 10,
further conprising nmeter electronics (20) coupled to the three

pi ckof f sensotlye PiEkYIT spnsoesd@d fliondgured to s@w% atfiygl Viratienal respamscdiem
Vi brat i onal respondid HEL A PRbEER dFAREY sccoRE RISl eS8 fom e seeond
viscosity of the flflowtniwnt @106 wheem ddeeoflthe Biree pickoff sensors (218) is shared
between the first flowtube (2102) and the second flowtube (210b); and
25 a first restrictive orifice (252) located in the first flowtube (210a), with the first
restrictive orifice (252) being smaller than a local flowtube diameter and
with the first restrictive orifice (252) ensuring that the first flow is different

from the second flow.

30 11.  The vibratory flow meter (5) of claim 10, with the first restrictive orifice (252) being

selected for a predetermined flow material viscosity range.

12.  The vibratory flow meter (5) of claim 10, with the vibratory flow meter (5)

comprising a viscometer.
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10vi brati onal response and the second vibrational response. 15. The
vibratory flow neter (5) of claim14, with determ ning the viscosity
of the flow material fromthe first vibrational response and the

second vi bV2H¥HL%F esponse conpri sing determ ni ng t he FFEUSET64¢70m
a flow material density (p), a first mass flowrate (rill) of the

15first fipw PReviBrSQ5ae MRS 5)'&\@1&5@1@ ﬁrﬂn@?—c&mﬁﬁsxﬁ@@s&%ﬁ@%trﬁdt%
16. The vibratory flow neter ( ) of claim10, wt first

restrictiagicr(Rfigdoca2sbn thesasgnd flowivbmat(2 bﬂbl),ywxfth ﬁ@csecqndtrhsmf:nwesmnﬁce

the 1 1ot @52ueing it Fpmule B8 sbaigtbis6R R n a removadl e

orifige nmenber (250). 18. The vibratory flow neter (5) of claim
10, with the first restrictive orifice (252) conprising an adjustable
restrictile orTHd wbraf@§Movohetsr (ol claimdd] Birder ¢oroprismgringter (Blzgmc)mcszeo)

19. A vibrat I t

i el CouBirN Sethre BeRp Ll B et e thg the i gitationdl”
portion Osgankd RVMITRE Bikdt @bw@oeqzioa) sltec&k/@meas@éorﬂ \aelvaasﬁalfrés@%mm the
(210b) receiving a second portion o6f the flow material as second

f | ow, wi tsecardeflomvtoba(20p),fend deteaniame a(vdjcobisy athe hﬁl@maruatenalzfefunblye fisba

dri.ve confi red t tlaII si nul t aneousl y
v br a0 rvitefiona sebp g dt Srnd VEHIRP RSB  owt ube (2106); VO
2008/111983PCT/U82007/064007 three pi ckof f sensors (218) configured

to generate a first vibrational response fromthe first flowube
(210a) and-a s:lat,ednblratqrﬁﬂam oetar (3 o€ p@mééﬁ vishdeteaniningohe viscesityutidhe flow

(210b), meﬁr g_leoffl{a{ rah 563(%0%%059 Y u%g&% albéﬁlongﬁxre\g;\g%nlgg b9 BAsing

the first W

orifice r&f@@imﬁg’éﬁ)vdc%@ ﬁQm' dfld W enatdriad Heﬁdn@%y Reir§t2d48 Yloangte (7, ) of the

including a first restrictive orifice (252), wth the first

rest nisct ifitet fuw,fande sc2ait) mbsiflogy swef hHroftthesecand fiowl f 1 owt ube
diameter and with the first restrictive orifice (252) ensuring that
the first flowis different fromthe second flow. 1020. The vibratory

bei ng. sel ot e Roroa R Bas Rt (et Frea oy bF Bl b5 SRl 45k a52 Beine

substantially fixed in the first flowtube (210a).

20 17.  The vibratory flow meter (5) of claim 10, with the first restrictive orifice (252) being

formed in a removable orifice member (250).

18.  The vibratory flow meter (5) of claim 10, with the first restrictive orifice (252)
comprising an adjustable restrictive orifice (252) of a controllable orifice member (290).
25
19. A vibratory flow meter (5) for determining a viscosity of a flow material,
comprising a first flowtube (210a) receiving a first portion of a flow material as a first flow
and a second flowtube (210b) receiving a second portion of the flow material as a second
flow, with the vibratory flow meter (5) being characterized by;
30 a common driver (104) configured to substantially simultaneously vibrate the first
flowtube (210a) and the second flowtube (210b);

25



21. The vibratory flow neter (5) of claim19, with the vibratory flow

meter (5) wonoss/Qhekg a visconeter. 15 22. The vi brat or yctlue@oedér
(5) of claim19, further conprising a second restrictive orifice

252b) | ted,in t d_flowt 10b), with the si d
5 estr Lctive 3rtﬁqg@ég%fg%(é?&bélﬁgC%ﬂ%@ééfﬁwtg%r&vﬁ it Ya%ragk%%%ggwp&% from
orifice (252). 202%@@@3t‘f10@6ft§5(6§{%¥0§)|aﬁg’|ar§ﬁéd?1rd V(ﬂ%)aﬁeﬁal?ésﬁgﬁ@elf%ﬁﬁwsteb@ﬁd

conprising neter electronics coupled to the three picko
sensors (218) and cfbowinge (Edb}, swheeteoneof the tliree pickywifbseatore mashared between

response fromthe first f]owube (210a), .recejye the second
vi brat i onal responstbe%mrd%@g%%‘t‘étﬁﬂs%%fﬁ’b‘é 218%), and deternine a
viscogity of %{f{g)lv%le%?itﬁ%é hidhbbf @30} i%ga%gﬁéf?e‘ﬂr&r i‘l’év!rtﬁﬁ@tmpﬁ)saﬁﬂriﬁ@luding

and the secon rational response. The vibratory flow neter
(5) of claim 23, wafstieseichvaonfcd (262) ivdthohe fiyst ofstidibreforidiee (2629 beialk

fromthe first vibrationgl response and.the second Vi hrational .
Feaponse conpr i si ngRAEERAR AT DAY PR AT Deravearces aiific
density (p), a firgbsopsSudidOifal @b Gird f0W is%dlii?%ﬁeﬁﬂ?:fgorﬁ%ééecéﬂd)ﬂbw.and a

second mass flow rate (th2) of the second OoW.
2008/ 111983PCT/ US2007/ 064007 25. A vibratory flow neter (5) for

det erpi ni a.viscosjty_of a fl terial,.c i Si a first .
£ 1 ot fibe 2091 0 eNaRBIoRY APy @Y OpHptT o5 With thertirakienEeRYd officed232) being
first f'@@Ie@t@&if@}asﬁé%tgnﬁih&i’\flbkp%a&&ﬂa@mscﬁﬁﬁﬂﬂaﬂgé?g a second portion of
the flow material ‘as a second flow, with the vibratory flow nmeter (5)

bei ng characterized by; 5a common driver (104) configured to

The. secoRd 11 SMFORE-ER BBy o GLOE st Fa Wi bsreSeae Bt 190

confi gur eempfsiggAtigtbteterf i rst vibrational response fromthe first
fl owt ube (210a) and a second vibrational response fromthe second
fl omd&be (210b): and 10a controllable orifice nmenber (290) that

provi des fi ' e rd.fice ) "
conmmuni c% i on&\?l\ngtvﬂﬂlfl%g} ﬁ?#g?ét%ls@% ﬁ%éﬂl‘fﬁ%ﬁéﬁl&vﬁoﬁﬁ’%%ﬁg afnsleF %rfd restrictive
adj ust abbgifice@52b¥ldcyied i tHelseen( I tube{210b) Rthl tae sédoad ratdivalborifice
fl omt ube dianeter and with the controllable orifice nenber (290)
t her ef or €@k being differant froqa the firstreptrighive eifes @edknt from the second
flow, wherein the controllable 15orifice nenber (290) is controllable
to achieve a plurality of orifice configurations.

20 23.  The vibratory flow meter (5) of claim 19, further comprising meter electronics (20)

coupled to the three pickoff sensors (218) and configured to receive the first vibrational
response from the first flowtube (210a), receive the secqnd vibrational response from the
second flowtube (210b), and determine a viscosity of the flow material from the first

vibrational response and the second vibrational response.

25
24.  The vibratory flow meter (5) of claim 23, with determining the viscosity of the flow
material from the first vibrational response and the second vibrational response comprising
determining the viscosity from a flow material density (p), a first mass flow rate (7, ) of the
first flow, and a second mass flow rate (71, ) of the second flow.

30
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26. The vibratory flow neter (5) of claim25, with the first
adj ust abl eWQ20%/11d883ve orifice (252) being sel ected for PET/US2007/064007
predeterm ned flow material viscosity range. 20 27. The vibratory

fl t 5) of claim?25, w t h i br.at fl, 5).
conpr i o1 -6 uASdertonshelth ol R GrelBHine AP riBt &hF L) ieisbai m
25, furt h@d’ma[tﬁ‘;%(‘i;ﬂr}]ﬁ' 4 fitsp QO%R?U%C(QP@% CQRViRg Eﬁpétgzi)%ﬁmQTﬂafﬁcﬁ@nﬁ?ém%s 4 829How

i n comruni c wth the second flowube ( b) and i ncluding a
second adjndst sobmd flewtubie 2 10be raeiving®sdc2B@ portiontot thehidovs emderth] as a second

adj ustabl g restricti.ve orifice (2 bei different fromthe first
) Ut abl S0 cEih M ViENEY FppGBetHas peingsherrstigR Lt or v 1 ow net er
(5) ofs clai m 25¢qhmbh ek eCQOBY Lodiiderengd %gs?dn?iﬁﬂj’/ ag;@%ﬁéﬁagﬂy AP AR $est

to the three or nore pickoff 'sens6rs (218) and to to receive
the first vibrati onfdwiubs(@iilpaid ihmsedvadfflavgtibd (200b)ybe (210a),

receive the second vibratiopal res e fromthe second. f| awt ube
(5100) - ang daee o RORSErioR G Ol RRTEPERY HheeRstrRa A oHPREntl r st

vi brational responsggande (g $8FRAN WAL 05)3Ind 88 BH¥SEbrati Wi response
20081111983PCT/ US2007/ 064007 30. The vi bratory flow neter (5) of claim

29, with determ ni nigomhhe sacendiowiubef(210bg; dndow mat eri al fromthe

fi i brati I d th i brati l,. - .
corpiPsi ng. der AT SOrECE REEDET (0] FBAPLHcor et o P Rrgptiye orific
(p), a first nass f(%@ﬂ\) ﬁ%ﬁuﬁﬁﬂiéétib?fa%iwﬁg ﬁfrég TRiwthbOW1 0ANFid BegRnd

r
mass flow rate (rii2) 'of a second f 31. The vibratory flow
meter (5) of clai m#pstabheresinistivaeribée 248) being smallerriianea loicalkbfftube

sensors (218) is shared bet the firnst fl.owtube, (2 and the .
second 11 oncube ( 2108y e id T8 re¥pleolifile bRt MEREF PR wiHiwkdBnmipe
of a flow material thixtBe % Flatvak Miffdrew fFoRl &le, sebdifl iy, BHdAEiE the controllable
conprising: partially restrictin%.a first flowube with a first

g

restdPctive ori fi ceorifigempenabrs (290) 41 cantiplleblsdo adrenscs platplity of grifice
portion of a flow i al: a first flowand with the second

f | owt ube conducti ngs%%ﬁg%%g%@porti on of the flow material as a second
flow, with the second flow being different fromthe first flow
15vibrating a first flomube of the vibratory flow neter with a

driver ar@ gendeaibratpryflopmetes(5) phelabmap. Witk Hisriast afusiaplarestistige orifice
i ckof f : i j ' fser t hree
bi cleot ¢ 385 Beir Whcbuehi 164 pleBHERERLE Ao RHERLIViRERRPFanl
20
27.  The vibratory flow meter (5) of claim 25, with the vibratory flow meter (5)

comprising a viscometer.

28. The vibratory flow meter (5) of claim 25, further comprising a second controllable
25  orifice member (290) in communication with the second flowtube (210b) and including a
second adjustable restrictive orifice (252), with the second adjustable restrictive orifice

(252) being different from the first adjustable restrictive orifice (252).

29.  The vibratory flow meter (5) of claim 25, further comprising meter electronics (20)
30  coupled to the three or more pickoff sensors (218) and configured to receive 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 material from the

first vibrational response and the second vibrational response.

27



substantially sinultaneously vibrating a second fl owtube of the

vibratory {{PMod/Ei&s W th the driver and generating a see@d2007/064007
vi brational response using the shared 20pi ckoff sensor and a second

i nd de f t k ff
detorm niiy o Sheubeidy Thiv P (Doth il S Beitmine feodeosity of the flow
vi brat i onghtegSRONRe ﬁﬁgvﬁopa%oﬁm%g}%nge Q{@ﬁ]b Q@hd m&%ﬁ?resﬁéqsé%oﬂﬁgﬁsmg

met hod of claim 32, wth the vibratory flow neter conpri si

vi sconet edeternidding Tﬁaevlmtshp roof a flbwimat®al dendity (P tacfirsd rﬁhsl%dldvhﬂate (7)) of the
viscosity of the flow material fromthe first vibrational response

and t he siasbilowyariratecombinasseipo ree (&ongia scogl feyver m ni ng t he
viscosity froma flow material density (p), a first mass flow rate
(rilly of the first flow, 30and the second mass flow rate (iii2) of

th fl f L ith t i t )
oot Teorls’ et viBtor] MEWIBHARISIME B heretl ok At st mare pickpfr
Vi scosi t sehaRge213) ié@h&%ﬂ%ﬂsﬂébﬁm ﬂ&ﬁ%@?ﬁﬁﬁﬂ@ﬁﬁtﬁ%@eﬁﬂ ﬂﬁtﬁ'@@l(mf)b)

claim 32, further conprising a second restrictive orifice located in
the second fl owt ube, with the second restrlctlve orifice being

differ ent32f r O%H;é?hcﬁ Jrfztietern%frilﬁé gkris\égm lﬂ:o%v ten%?in %Qgra??&r}ﬁ% 1%eter the

claim32, " With res ctlve elng su
fixedoi nmétﬁodredrﬁpnsiﬁgenbly 38. The rret hod of claim 32, W|th
the first restrictive aorifice being formed_ in a 10 renopvable orifice

member. 39, THEIHRABYHCES & e Aoambayitne firereiictive padenveith (e firs
ori i ce compri i ng i, Al AR & Ak bbiioh6? aHoh hirifl asth first flow and with

controllable orifice ne
the second flowtube conducting a second portion of the flow material as a

second flow, with the second flow being different from the first flow;

15 vibrating a first flowtube of the vibratory flow meter with a driver and generating a
first vibrational response using a shared pickoff sensor and a first
independent pickoff sensor of three pickoff sensors;

substantially simultaneously vibrating a second flowtube of the vibratory flow meter
with the driver and generating a second vibrational response using the shared

20 pickoff sensor and a second independent pickoff sensor of the three pickoff
sensors; and

determining a viscosity of the flow material from the first vibrational response and

the second vibrational response.
25 33.  The method of claim 32, with the vibratory flow meter comprising a viscometer.

34.  The method of claim 32, with determining the viscosity of the flow material from
the first vibrational response and the second vibrational response comprising determining

the viscosity from a flow material density (p), a first mass flow rate (7, ) of the first flow,

30  and the second mass flow rate (#1,)} of the second flow.

35.  The method of claim 32, with the first restrictive orifice being selected for a

predetermined flow material viscosity range.
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36.  The method of claim 32, further comprising a second restrictive orifice located in
the second flowtube, with the second restrictive orifice being different from the first

restrictive orifice.

37.  The method of claim 32, with the first restrictive orifice being substantially fixed in

the meter assembly.

38.  The method of claim 32, with the first restrictive orifice being formed in a

removable orifice member.

39.  The method of claim 32, with the first restrictive orifice comprising an adjustable

restrictive orifice of a confrollable orifice member.
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