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VI BRATORY FLOW METER AND METHOD FOR CORRECTI NG FOR

ENTRAI NED GAS | N A FLOW MATERI AL Background of the
wopoosnsidon 1. Field of the Invention The preseP€CT/US2007/069737

invention relates to a vibratory flow neter and

ot R AT QIR A O% Mﬁ%ﬁi&\ﬁ@ﬁ@%}@ﬁ EDRORIEE TG FOR
flow mat eri ah ]%{Aﬁtlﬁbeﬁﬁg Fﬂ@)\ﬁrﬁ% YAEr ating

condui t sensors, suc r|o 1S nma w nmeters and
vi brating densitoneters, typically operate by
detecting notion of a vibrating conduit that contains
a flow ng material Baskgpamd ekthedayepterd with the
material in the conduit, such as nmass flow, density
and the |ike, can be det er mi ned by processing

1. maRyrenentvesi@nal s received fromnotion transducers
associated with the conduit. The vibration nodes of

t he T kpmtenhlgwmtnm licddtes ol d whragyrytitow getaraadingethpd and more

af f t he c nbi ned stiffness .and danpin :
pafcufle by 7 Yk EEro O bR EE TR HIRY (ROt DR o SHENACH gas in a
ﬂoqﬁgg&k@j contai ned therein. A typical Coriolis nass
| ow neter includes one or nore conduits that are
connected inline in a pipeline or other transport
stem an convey material, e.g., fluids, slurries and
2. ¢ emepies) thaPEefderdyst em  Each conduit may be viewed as

&y 1Brafing %an]mlt QAR RIAR ARI R LG Gibl fing

exanp hg, torsiona

detgitophedets) ﬁﬁ:ﬁlly bpeatd ypi@attifgombabh 8 ARitgatinOvonduit that contains
nmeasur enent application, a conduit is excited in one
a fbwvlﬁﬁ neateriddy é’mpﬂm@ﬁo@é@cla@d avitrathe mpagerigl) in blee ‘tQﬂd@ltgﬁlCh as mass

condui t d notio { conduit 1S neasu
o 3SR g PRE B el ey PR g FgRRAGHERSifHats
rede}ARIAGRh YndHoMtk SR EudYs Bdkodfatddal B the€odhduit@Mhe Vlbratlon modes of
el ectronechani cal device, such as a voice coil-type

thedvibreging matatialplelledisystenn henaralhdaiictaffoated pethe edinbined mass,

Jfashion., Mass flow rate be determ ned b asur i
stifTes Qg pgne PHASAS D BT i Ru Be P asent b b e TRtering
cohth RN GE. | ocations. Two such transducers (or pickoff

sensors) are typically enployed in order to nmeasure a

Vi braatyipomadCorielipanseflofv méter fichwles onélot tnode ceatudtyitia are

and are typically located at positions upstream and

CORRAFRSY PHATH? PIIFENG BT RRCHIFANSPRE YRS B ARbeTEal o g » fluids,
slugrg%eﬁfaﬂtstﬁg)l/ﬂ(?\/@ltﬁg 5§S%H1.C EaQI‘T E&ﬁ‘dﬁﬂ&l% i08 Ql&yedce%q{akfﬂ% a set of

natural vibration modes, including for example, simple bending, torsional, radial, and
coupled modes. In a typical Coriolis mass flow measurement application, a conduit is
excited in one or more vibration modes as a material flows through the conduit, and
motion of the conduit is measured at points spaced along the conduit. Excitation is
typically provided by an actuator, e.g., an electromechanical device, such as a voice
coil-type driver, that perturbs the conduit in a periodic fashion. Mass flow rate may be
determined by measuring time delay or phase differences between motions at the
transducer locations. Two such transducers (or pickoff sensors) are typically employed
in order to measure a vibrational response of the flow conduit or conduits, and are

typically located at positions upstream and downstream of the actuator. The two pickoff
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i ndependent pairs of wires. The instrunmentation
receives signals fromthe two pickoff sensors and
wWpewsasses the signals in order to derive a naRGI/UE07/069737
rate neasurenent. Flow neters are used to perform nmass
flow rate neasurenents for a wde variety of fluid
SCHSORKC CORRPCEA] q??PtWQFCCWSWF%ﬁaPQH }SV 8%’1&%&’ speh %%UW two
ind\%@%t?([gn't %i'ré’opx‘%i usedh ﬁlstrﬁﬁfeﬁﬁtiﬁﬁtr&fe'i\% s@hnafl fro@fe BAS pickoff
S. e product of such wells can cormprise a
ser¥old dnghaeecskesove signalstidionderitbdedvd a arasg ow fatd masssi®ement.
i ncl_ udi ng ot her caonponents, including water and air, | .
f or Fiovamsters arq used topgHpym gess flap) 18te measur¢iaeta §Qn a yislg variety
in . . i bl e h C o
of RIS B RSN U SR DERPE B e @ TR A gy i inthe
mét&@ingo Ml endfaseelld. oMk proBu@\EsuchieNs dar@drhptidesa lu@¥phase
meter is used to neasure aerated fluids or fluids
floin dnakieding theneit ar gasd bylaadso trisdndaeg othae goropondngs, mretleding avater and

airp e St es Tt ERERE e R B FRerifi SR e as
polsisle PURRAIES s k@MY BibYascd®RENdi ng on the anmpbunt of gas
present, the pressure of the flow material, the

t emperalisneterandfer hghdegumey 6ér simglde phasenflavie Hopelémerhen a
The extent of the decrease in rformance .is not only
Corig la?@av gt e)ww_ﬁéﬂ R agizted g 8 _td,es ipgldesiialped gas
| : S :
theiBuBg B Ble e KREBY MR BAT dOUANLETEL R RO gl R pmmonly
proveSdsrRitBies in Ly Ber niibidle Thectityf thobebbled ¢umeyary, depending on

| eading to fluctuations in the density of the flow
thergnent of gappesens, thReTessHisraidhe Bowi myteopl, sheygsperatere, and the
oc USRSy FAPPREE, B3 TR DB P BERRARGR % o oty

relbfd@ tOHER! BudH ®eal %am isCAEc@s RN disodb Yhh 2 §Lthe SXE/MMWINEhs
as the pressure drops or shrinking as the pressure

bublles sutbedlowrnTke size1 ohthedubhles affeaisithe aamsadyrpfithemeasurement.
nat ural. or resonant frequen f.the flow neter. .

Lol PHBPIog Pesbipa i bty ctite Bl BtrEators TR iy of the flow

marell] ThidRE |tl?e9%5erﬂl?ﬂle§s%illi§(y OPY Baditfd b ibfes! daiWihdndd BVas amount yet

material as t ow neter I's vibrated. However,

not @ecgevariby biidngs 11 eiza.o Conmosteclwy tfhthd presdureuhahgdsirthagubble size can
vi bratjon of the flow tube. Instead, the bubhl es can
COBRSPBEBEH SHNER FHPARGINE 28 (H P SHYIE drPPE9Y ghrinking as the pressure

nd QU TR0 SRISERUSA Ll G o
mdtdte vi brational response of the flowreter. There

remains a need in the art for a vibratory flow neter
t hatAngéics preblem caused by gas bubbles is slippage. Small bubbles typically

move with the liquid flow material as the flow meter is vibrated. However, larger
bubbles do not move with the liquid during vibration of the flow tube. Instead, the
bubbles can be decoupled from the liquid and can move independently of the liquid.
Consequently, the liquid can flow around the bubbles. This adversely affects the
vibrational response of the flowmeter.

There remains a need in the art for a vibratory flow meter that detects
problematic levels of entrained gas. There remains a need in the art for a vibratory flow

meter that can accurately measure flow characteristics in the presence of entrained gas.
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probl ematic | evels of entrained gas. There remmins a

need in the art for a vibratory flow neter that can
w@ewansmed y neasure flow characteristics in theCT/US2007/069737

presence of entrained gas. There remains a need in the

art for a vi l()ir.ator flow.geter flihat can, accur at el

Thigersmainsr RagddR bt &rayipradoryiilop naterapt Gop TRl Easure
?agh 1830t I ' vi bratory flow neter

flo or aéa??r ectclyﬁgér}}{)llr%@eelnat}yegﬁtﬁglgaggé inaflowmterial is
provi ded accordi ng Sanamaeyrbbthieniventibnt he i nventi on.

The vibratory flow neter conprises a flow neter o
assénpibjaterniewy meser fop cgaringtfer entaiperhgasona flowspsera is
profv% &Qc%o?d'ﬁ%vtonﬁ{ gﬂl‘b@#imeﬁt gf’%%liﬁvevﬂti%%mfh%% r%{b%g "Flow meter

conti gured O generate a bubbl'e freasurenment “signal 61
COltnEﬁSéSI DPRoWah&EI AsemBRACIHEToAFedeb@@hERN £ Sibe&iiabbshnse for the

the flow meter assenbly and to the bubble vibration
flosemgisrial, BHaibhist wbragion senicorfigered dmpenguated ubblegpedsueement

skt Gink ¥ G PRl BRERGr ERGImbas PO elei LB T FEtasmoly
andBS Bl iBGiBh sbRBF! ThE TR S RRASUE S Ired IRV the

determ ne one or nore flow characteristics of the flow
vibmati @ral adspoassieregdathe bebisit nidasureitenasigoalaticteasino msmbbatedksize of

oo B o o P S G i
on@&gﬁfo% Agwt Lﬁﬁa%te?ﬁlﬁggbﬁﬁl@tﬂo% nfa'ﬂe? | ﬂé’iﬁ%’t st tﬂ@ %irpg tional
vibratory flow neter conprises a %al ow feter asse fly

respondd gudrthd bibblgeier ate a vi brational response for the
flow material, a bubble vibration sensor configured to.
genéy sibeaterybilty nectersfar aprseasing for graaingdgas ina fowypaterial is

material . ..and mete | ectreni cs. coupl to.t f4 ow
profREH A SoraiDfs MR EbeERRLOB MRS, dheofobBiu W gt
coPFigds £II8GIh&aB SRemblyCeigakded ggﬁerraeé:@m@aﬁdml response for the
vi brational response and the bubbl e nmeasur enent

flosi material, ddrbdble vibragiobsbidos cenfigured thgértsirats aibubbleemedsovement
) rial .using at. |l east th ubbl e asurenent signal,

Sigfa @ A0SR LTI SRR S CRNT G FE QIO FST ghgmbly
and'® flel RbbESiBRiBh shifdp! TBE %e‘f%tkgl@étllo%@l is CESRARES to RRBive the

generate an alarmif the bubble size exceeds a
vilpatbaed esspome Bidzbe bhblds hadaduremichhsigha, détarminicradiubatd sige of
t hat . one or nore flow characteristics have exc-eedeg a .
bupbleg bt 1Be Hovetatrsiad usigBhicatidhe puble Measwrsegksigpal, determine

oo E 5L 08 5 AL L DERCOES, P BHETRISES A o

resgbﬁsdjfﬁﬁ@ gehtaaphiata dethebibble fige axdutdbh radez@niie size
ubbles In the flow material using at |least a
throshel diwigh e aleras indegpting thyft onper mpasgyflow characteristics have exceeded

a predetermined measurement tolerance.

A method of correcting for entrained gas in a flow material is provided according
to an embodiment of the invention. The method comprises determining a bubble size of
bubbles in the flow material using at least a vibrational measurement of the flow
material, generating a vibrational response by vibrating a flow tube assembly, and
determining the one or more flow characteristics using at least the vibrational response

and the bubble size.
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material, generating a vibrational response by

vibrating a flow tube assenbly, and determ ning the
W@r®so47400re fl ow characteristics using at | eaBET/UR®07/069737

vi brational response and the bubbl e size. A nmethod of

correcting for entrajned gas.in a flow materjal is

pr o¢y BHhe 3&?&96%11& SR AAEb A hB’FV BHETH SFRYIg according
to %111‘%%1] B4Rt 6 ffR&r §éerﬁ10ﬂet'que 5hB4 ?H?%%l (fetér‘nﬁﬁln%fa bubble size of

es Int ow materl usi ng
bubblbs at the kiw mammﬂ aesmpat Eﬁsﬁd’lﬁbfdtmmhfabmahent of the ﬂow
eneratl ng. a vibrational response by vibrati ng aflo
P WhRERIgBRlieRROISA Y otrabhg Adlod pgsscmbly and

de{éﬁ‘ﬁ{naliﬁ% 8It ILn% HI)W cﬂgrac e%\éltlgéaéfethl ?fov&y %‘a{é%a?ﬁ?lhg ae fe]ast the

ona response, generat ng an a

vitrigorl Bé%!p@n%l afd gé@?&ﬁﬂﬁg #n Phedef @e mubeld ssdeZ&ceeds a predetermined
threshold, with the alarmindicating that the one or

sizengrestial dywidh ﬁTQaEd@@‘ﬁ irsti¢atimghbatdhe ree edegraflow characteristics have
ter surenent tol erance. Aspects of the
X P R R e o at o b 11 ow et oy
the bubbl e size sensqy gaggp[lﬁ;hﬁ,egﬁggl e response to a
vi brati on of one or P bubbles in the flow nmateri al .

| n &mobhespeaspigthe vifratohe flowbmetenrtiye bulthie mz’e sensor heeasures a

bbl e size sensor vibrates th | ow. ial and
buﬁ@sgwee%ﬁ 0,2 e ipned Oélek%mﬂr%%i*é@ﬁ%ﬁé edipw paterial.

vi bﬁﬁ&ﬁcﬁlﬂeer Jbsgg%ceotf tl"i‘é“{?l‘bilﬁ&ﬁlaﬁ&? St tﬁ{@ﬁ%&/@%?%?%ﬂtégé {iBPhtes the

met er, I'e 'si ze sensor acoust|

floWh@afeli@hamtbyidseqlendpdngivbhee qwelbbleyrem@ tetheavilratibg e
resg[)onse to the vibrating. f%et anot her aspect of
t he Ty b efr 08y aﬁIPQ%PfT‘élleéfiibfat% @bﬁlﬁ@f\/ﬁhﬁ Labblersizessar

ar nt . froomth
acouss %Vl%%?ﬁ%s t%gt % é‘lra?g]é g% Se 111611? d %ellsgr ti? bei e\%)onse to
thd@bRitingt he bubbl e vibration sensor is forned as part
of the flow neter assenbly. In yet another aspect of

t he IthtreeatOdTey aspmpft‘éneefribratdm flowbivketervthp babblerviletigm sensor is

es at {lf’%? ckoff senS@r of the flow
Seff?é? Judeppnden PIREST A58HRY- of the vibratory

fl oy, a‘%rotheﬁj %Eﬁé’cf’bf‘ih@gllﬁrla?or? YRR el ZBe %ﬁﬂp'é'v%lflﬁtlon SEeNnsor is

determ ning the bubble size of a substantia ar gest
forimddbdsepartrofithe flbivaneterteenbly. | n yet anot her aspect of

the vi bratory flow peter, determ ning ubbl e size
f ur (h¥pt BOMST BEREST Akt rVﬁ‘i’fﬁF% %mst%ﬁﬁﬂ@%gg blg véhratipi sensor

cogﬂﬁpésea% 163t Bltfeeplckgf@ SHRIEOF BHe AidiBmeter assembly.

In yet another aspect of the vibratory flow meter, determining the bubble size
comprises determining the bubble size of a substantially largest bubble in the flow
material.

In yet another aspect of the vibratory flow meter, determining the bubble size
further comprises determining the bubble size of the bubbles in the flow material that
are above a predetermined size threshold.

In yet another aspect of the vibratory flow meter, with the meter electronics
being further configured to generate an alarm if the bubble size exceeds a predetermined
size threshold, with the alarm indicating that the one or more flow characteristics have

exceeded a predetermined measurement tolerance.

4



10

15

20

25

30

are above a predeterm ned size threshold. In yet

anot her aspect of the vibratory flow neter, with the
woreaosn4mabect roni cs being further configured t oPQEES2081/669737

an alarmif the bubble size exceeds a predetern ned

size threshold, with the alarmindi cat that the one

or vl OB ahrgchet ety emé%e@&g‘af ¢omprising generating a
bu%lg@%ed'@lﬂed nmeasur enent tol erance. |l n yet another

aspect of the vibratory flow neter, further conprising

genéi st angtieer bsyidet of tieagbratirp ow llnﬁtey efurtheotdepriaspeederating a

of the vibratory flow neter, further conprising
chapaseian rerdidorniadisation eﬁ/@h@ brbbleistsexrersisdhg psdcicrmined size
thr?éﬂ%%e size exceeds the predeternined size threshold.

nyet another aspect of the vibratory flow neter,

det @f Hetlindeher ASpcRNBT Ble VBt r{ fOW Ffh addt@ilifiinigGRe one or more

further conprises determning the one or nore flow
flophelrasastenistics futhasomgriaes daterminingeghe ope at impnaflow characteristics

usipg 2D BAS R Shsh et B Ree Ao Bl izt o1y it BBbI€ Size excecds
th aa@fmﬁw@&g tobkstdlg vibratory flow nmeter, generating
e alarmfurther conprises generating a bubbl e size

out et andtleanspagt dhehebulmatery siomemeten, geseramgtthealarm further

aspect of the vi tory flow nmeter, generating the
cophireh ST %\?93?@ Sééf‘sO‘&@Hte]Flge {5Hge RIS iEs 7 o

out al

o By S0 R 95N QR B g

comptieds, gepeneingta lﬁﬁ)bldlﬁz@b@bm & §etanciaNPtarg@s bubble in the flow
ag‘i;(}nﬂ(iratl ng a change flow conditions indication if the
m {e size exceeds the predeterm ned size threshol d.

o U Ve RS s REPSE e o iy Yol RERIYadnBYRTEAS hrarh Hirther

coﬁn ﬁsém%n@fauﬁg ra€hiah QA6 WaToRaItRInk $ridi€ationsiF F Wibbleasd exceeds the
vi brational response and the bubble size. In one

pread@pemmnadfswehtérersbt)}dod deternmining the bubble size
|ses ﬂ}eterm

SubL AF AN SricpRb e dTBIRGY Mot Re B e reironiqss further
copigty B o WIS TR SRS, bl
vittrigorial bdsbesse andtthe btibldwsivet eri al t hat are above a

Pr (E(Ijr(le tor(?er erlnspré(gtd 0 tlhé (renett}rllordesdg‘?elrr%mlng the bubble size comprises determining
the bubble size of a substantially largest bubble in the flow material.

In another aspect of the method, determining the bubble size further comprises
determining the bubble size of the bubbles in the flow material that are above a
predetermined size threshold.

In yet another aspect of the method, the method further comprises generating an
alarm if the bubble size exceeds a predetermined size threshold, with the alarm
indicating that the one or more flow characteristics have exceeded a predetermined
measurement tolerance.

In yet another aspect of the method, further comprising generating a bubble size

output.
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In yet another aspect of the nethod, the nethod
further conprises generating an alarmif the bubble

W3 Rwe/1¢Meeeds a predeterm ned size threshol d, PET/ESI00E069737
alarmindicating that the one or nore flow

cha acteri tlcs havg exceﬁ @ reda%g%nlned
V%tr?élﬁf of gPRACHALEC Mgt O tth%t B%%‘thrflsetS [ggnerating a
[
CM%@' IR bR, rBRARON H 00 b GE e A OBl Rolrbed gize
ﬂnedﬂﬂmer conprises generating a change flom1cond|t|ons
indication if the bubble size exceeds th

pr edeyefrarotey aspegk of hedsotbed. deteimyemg élﬁ%ﬂﬁ@rchagaﬁeétstlgffurther
co §?1§(%§e&eté)rﬂtln91 ttﬁ‘é n%@{)ln 1910{‘6!~I ﬁo ra%[e?irsﬁgsl t?srmi at lfg,ftst the vibrational

er conpr Fses ermning the one or
respBAdeatiidaht SLbIS si@iondy Htthé B@@dle the extddathopabietermined size
response and the bubble size only if the bubble size
threshwédds t he predeterntned si ze threshold In yet

ano her aspect of t e larm .
Fur imar R padr pEReTBH PR esTRORBRch Pyt SuTheicTppiscs
geﬂé’r&tlﬁg‘é’bﬁ%leé%%t Rf the met hod, generating the alarm
further conprises generatlng a change fl ow conditions

i ndilc ziet etmnthe& aS}le@t bﬁﬁtielmethod,%eﬁm(aeﬁg shd &lerm further comprises

predet er size threshald,. In other aspect of
geltfﬁétl%%ﬁ eetHev fndidens wicatien a:foqvtﬁhl s&trrdithy
]ow characteristics using at Ieast
pﬁ&%e Vi fgé?%%% ?esponse and the bubble size. In yet

anolmeet ASpRE bsmict bhtheméthodl, thel aiettiod firther ¢digps defermining
nore flow characteristics further conprises
thegeneerrmenerfipw Koargeferishicsrisin t(lenst &Wa\fqgetlenalgﬁmasa gihie
bu@ﬂ Ieast the vibrational response and the bubbl e size
|e 4t the bubbl e size exceeds the predet erm ned size

t hr @@9@& FhotHR a§pdcPbT 818 rBéthbdlck¥rAthing $hd-bke orkmSROMGw a

flow neter conprising a flow neter assenbly and neter
chahetetistoni fosherrdaBiprises otwsmming Hreatneroy nﬁ(bre\ﬂy tleracteristics using
at foast the Vlbgatlona?pesggr?s%dalng%ﬂe bl%b]g rs]leze Iog}/y it tttlleobubble size exceeds the
predetermined size threshold.
Description of the Drawings

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

FIG. 2 shows a vibratory flow meter according to an embodiment of the
invention.

FIG. 3 shows a flowchart of a method of correcting for entrained gas in a flow
material in a vibratory flow meter.

FIG. 4 is a graph of statistical bubble size distribution in a flow material.

FIG. 5 shows a bubble of radius R moving with respect to a fluid flow material.

FIG. 6 shows the displaced fluid volume and the bubble before and after slippage
in the fluid flow material.

FIG. 7 shows a flowchart of a method of correcting for entrained gas in a flow

material in a vibratory flow meter.



10

15

20

25

30

FIG 3 shows a flowhart of a nethod of correcting for

entrained gas in a flow material in a vibratory fl ow
wOoreien474B8 G 4 is a graph of statistical bubblBCEHUEW07/069737

distribution in a flow material. FIG 5 shows a bubble

i us, R nmovin h respect tg a fluid flow
i??@ ¥ Shedyeca V@rgtﬁawbowaetaf FPELRY 14 1y PRLOGIMARE OAHY
m\lelﬂﬁoﬁ’Ubb' e before and after slippage in the fluid flow
material. FIG 7 shows a flowchart of a nethod of
cor FéG1 9 sigowos vihitoat fled rgesr actoadihf onameamdodiabentt of ehe
. vibratory flow neter. FIG 8 shows a vibratory flow
InvgptiaR. gccordi ng to an enbodi ment of the invention.

FIG 9 shows a r ng to an
enbodi nent of t&e@%ﬁ%@%séﬁﬁt@fﬁﬂ e@%ﬁsg‘l}l ption of
t he Fi@genyiHad tht @Flowling daqdiptiba depict Sdcific sesedlePtol teach those

depi ct specific exanples to teach those skilled in the
skidled iththe arbhore ke makd aué gsq the bgelsmododbthgfinydngion. For the purpose

of PRk Gt EaroCufy s GrieniBRad 8%t B e Simpified or
onth&P! ThoedkAledaMihd ﬁ@wﬂ'ﬂﬁﬁt‘%oﬁ‘t‘é 'l/a{r?a@lohg‘ fﬂoﬁ?th%gé eyyﬁnllﬂles that fall
appreciate variations fromthese exanples that fal

withiirg th'enscbpeoﬁthe pevaitionhd hiosy gntledm ththoseilkiiprémate |tlnat the
the e%g appreci ate that the features describ

fea‘s@% e lOSHERTRECI DI irbzﬁglq»aygawséo P %F Rgations
of Mﬁﬁh@%ﬂtﬁﬁs Al H@ﬁ ' }é?maa'nﬁgn @%t"’hrﬁﬁé o'the tsggClTlC examples

I nventi on snot imte SECI IC eXx

desteibed bRy, bat oty H@uhe Qs Ayd thgr éduawawntand t hel r
equi val ents. FIG 1 shows a flow neter 5 conpri sing

f 1 oWlGret shovss dawpl §ictep S samprisinga Bpwdnetenassemply, lﬁrﬁ@d meter

eleggéglﬁ%?b e%r ! In 'atgrI eeleécgroniﬁ?w Egectéoogifo tglg I ggér agseb 1 é) via leads
100838 W &mghﬁed% RE€ide Enda@ﬁr@nﬁhts%ﬂ&e%rwore r@srﬂweﬁélwmass flow

rate, volune flowrate, totalized nass fl ow,
rat@,emjematﬂgpw\erat@ rﬁ@ltabgftdgmaa;mﬁi@yntamp@ratwgan(hother mmformation over a

comuni cat | h 2 It shou e a nt.to 0S
coGRTINOn Rt al e RO BT L O TIBHE Mo Sxihahe present
1n\}éﬁﬁ9n thh %Mséciylﬁea 8&;/5@61’ @J)ﬂléhsf 160 h&E Sl g 51‘?196%% dkarsmiber of
he nunber of pi ck- of f sensors
drwensdpmck-s}),ff mnsd)ﬂseﬂowejoadmltrg onﬁliaeopefatmgtmade ofwlbi‘amon In addition,
ddjtion, it should be recognl zed t hat t]he fl ow nmeter
OB AP AICF @S HAR @ Pield SeLapiaeEAbY & YIORAISE rRetijatory

densitometer.

The flow meter assembly 10 includes a pair of flanges 101 and 101", manifolds
102 and 102", a driver 104, pick-off sensors 105 and 105', and flow conduits 103A and
103B. The driver 104 and the pick-off sensors 105 and 105' are connected to the flow
conduits 103A and 103B.

In one embodiment, the flowtubes 103A and 103B comprise substantially U-
shaped flowtubes, as shown. Alternatively, in other embodiments, the flowtubes can
comprise substantially straight flowtubes. However, other shapes can also be used, and
are within the scope of the description and claims.

The flanges 101 and 101" are affixed to the manifolds 102 and 102". The
manifolds 102 and 102' can be affixed to opposite ends of a spacer 106. The spacer 106
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The flow neter assenbly 10 includes a pair of flanges

101 and 101', manifolds 102 and 102', a driver 104,
WQR@RAGHI8 sensors 105 and 105', and fl ow conduP@BUSDBA069737

and 103B. The driver 104 and the pick-off sensors 105

105" are connected to ow uits 103A and
mai@f%s UG SRS SRR S tmarfl#é&f {%&f}fﬁﬁ@d Fhaden fypreye undesired
t f
VGRS B IO HES RALE, | SARATRES.] NN HE Tlop ek Ambly 10 s
inseroirts @ csnb@lt ayﬁtd:ral(h(yc shibwval) ghiicH ¢ambytkhe§]ov¢-bmesrelﬂ being
ot her sh%{ées can al so be used, and are within

megsyse. the fomemgiesial Plﬁitﬂisdhe Hew @Ptér Agsentbhy 1§ r@ﬁg@tt@dlange 101,
pa%ﬁg thjrg rﬁl} %Ieg B%jfryi ﬁ‘ertén%ﬁ] Io%l%fnou%%o ﬁgwjl”ggteflfll is

can xed o OpposI

direerd8 t@énter SRRV C&Qﬁ}lts _ﬁbgAseﬁﬂCmBl PRI thicaioh $hd 16w conduits
spaci ng between the manifolds 102 and 102' in order to

10pA end {03 Breaddiack antoithe extlas meanitold he2's whevedberdtsi the kO3 A
and.1 . en the fl nmeter assenbly 10 is inserted

asﬁemdbé‘/ 28?&9\/21?& s%{ggrh%%ot shown) which carries the
f'OW%EHLﬁ%béﬂduh@HOQA@%ﬁ%@BB@ne%H@m%hQﬂﬂE?&%bh@kgﬁﬂbﬁﬁédtothe
the flow neter assenbly 10 through ange 101,

inlpass@so i HO3wgH to He cbmleetnamafnld A sd @Qto/\lhmzresubhenmaﬂyaﬂhe same
unt. of fl ow mater.i al irected to enter e flo

a
masp AtHREOTOBRMERE AGBEtaF § la%trﬁlaeawe% Ao gypending s

SS90 PR T RSty

frohbtheuginitdigs f0aage1 0D lin an 'Eb@nflhﬂy\/p@@ﬂdhfatslsloﬁ 0 3A and
103B are selected and appropriately nounted to the

i nl éﬁhe AN ¢Qﬂdéllltidﬁ3ér?@dt1(933tf§e duivee by tgndmird 040popesite

dlrﬁét r%nl’? ¢ E)%gff thg § rspte?tht/el ‘g‘lnéi¥n ! heets%?nﬁggﬁ‘l aensddalatf\)%}{altt I%)%u t}gnﬁed the first
oub&MNsHang béﬁ%ﬁﬁ%WO'dWoﬂﬂﬁﬁ’e Mow M¥teeSPERE dvieby104They fcbl‘herse one of
condui ts 103A and 103B extend outwardly fromthe

mamg v ¢ bkasvil @@a@gemm su¢1nasa€nrr@g9@rmomtbeytqoﬁmeaﬂdvetondult 103A
ashi on.. The. fl ow are drlveq g
ang AR ORPPSg C%quuﬁt “E %Orﬁﬁouﬂtgég%o n& giiiptipg gurrent is passed
\!
T e e

aplﬂledTw;etMrrne/celr cléftdomeyy2 @ anthe idsiecoh@t ok thateadvigD] known
arrangenents, such as a magnet mpunted to th

conafaptmei@rsele%wwooﬁ?ﬁ%%@ené@ﬁ YIZRRLRR &hF 1@63& fllol%lvrvld 111,
res g@ﬁéé p,i %ﬂéﬁleté’%% AhF[A3Y PUANGCS Con@ f%n%f‘éﬁa% ﬂelﬁi g}«g@mch

0Sl1 ng COI to caus 0O OSClI
cade$ tict @blee 104 ity @s@llgoahe flswapntuied (BA bhi¢ 1 038.eThe meter

el ectronics 20 to the driver 104 via the |lead 110.

electronics 20 processes the left and right velocity signals from the pick-off sensors 105
and 105" in order to compute a mass flow rate. The communication path 26 provides an
input and an output means that allows the 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.

One common problem in measuring the one or more flow characteristics arises

when there is entrained air (or any gas) in the flow material. The entrained gas can be

present as bubbles of varying size. When the bubbles are relatively small, they have
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The nmeter electronics 20 receives sensor signals on

the leads 111 and 111', respectively. The neter
web@stsmm cs 20 produces a drive signal on thePCEHS2002@9737

whi ch causes the driver 104 to oscillate the flow

conduits 103A and 103B. The er el ect i cS
ne%lﬂ%gfé ﬁ@gt i he e r%ﬁ?aurﬁp@ﬂfsnﬁi%%‘rews Fa Eab@efsrzaﬁmrﬁ@ses the
errBi ﬁ#thgfffov@ﬁl%éﬁfrém%% af3dndQasesi N order to conpute a

mass flow rate communi cati on path 26 provi des an

I NpHIGaheh@ms ouibpatoryrdananétbad9 atdovdwg ttdhen eribediment of the
el ectronics 20 tg interface wwth an operator or

invgpHap. dheytraiercileydneiss 99 medudes adiqvpicser asserplply, 1.01 ajbgbble
s12%08ﬁ/slog ‘38 ﬁedr 1% ?Fec@gn gé( (P IIﬁf: %et%rheqe PR %tlcast%()oﬁe % @ed to the

er and 1S no

ﬂotx)e@@félr Bﬂ;eﬁfbli he bRtes RAls 1 1OV.eThé AlRter MR LIOAMIV0 PE @&hﬂ@a to the
in measuring the one or nore flow characteristics

bubble sers seisen S0heranc o neererleddsed 1aithe gmbodimengslsgwin m thirefigure.

Thi i BERE Gty 1 Bl %87 s5h0n F B B E0ipI& o a conduit

90 rtl%it% EdRI B How FRRYiaNAYRE B Iﬁhtkéhﬁl &fnf @BlprR ot th@-phase or
| ow neasur enents. However, as the bubble size

mulnqmemﬁsw the error in the fl ow nmeasurenents al so
i ncreases. FIG_. 2 shows a .vibra ﬁﬁietji Eow met er 99
acc ,ﬂ@@v mgtes Q9 oSt improvadelow ¢ayprtsHstiormeasurement. The

flo &{a?ﬁqgér% flrﬁé’ﬁsﬂ?e‘ﬁ%nt ?sglnhgg{f&gﬁlﬁhﬁgfésgﬂ% e%&raﬁl%ﬂ?gg%}ﬂbbles in

e Sl ze sensor ter ectroni c

theThew meiteriale IFee tx@nplesthedlav meta 99 @d defettabearf Ingwoned éénsity
assenbly 10 by the | eads 100. The neter electronics 20
megpereasnpiosd Aoy mcrinkbbloaveyes dt denkbbe srdasstoenh thapthe flow meter

99.'%%n ggﬁlil%&,gc"?ﬂ 5%rowa sseﬂgw n‘%dgééarﬁrgpei%ent %% ! Plzaieréael%g&r 4 result,
the5@0\52 AMetBEIT Ot Repri aav15@mﬁglden&6brhét@ﬁ alBolCOOHH B¢ flewaneter.
flow material. The flow material can conprise a

Othevndditzmel ﬂowrmtasurq@msecfm owgerPhated hiodwneerighinglge scope of the

e rat nproved fl ow characteristic neasurenent.
de%ﬁ &Rﬁgﬁéﬁnéct eristic measurenent is inproved in the

pr e&‘[ﬁg %t&f el@&l;cfn"i‘ésnﬁﬂlng(ﬁl% Wn’ﬁénﬂ id cBﬁ'ﬁ‘ {rb@¥ vibrate the

mat eri al . For exanpl e, ow et er 99 can generate
ﬂomﬂubemitOéerahddmﬁSsB t?hermbsmroane ptsrfﬁnnechby thevdrivet ¢04.allhe meter
Hovvever it shoul.d be ynderstood that e fl ow met
eleggopign 28 furthsToReniYSH rs‘flﬁvn%ﬁ&atfcr lgaiﬂé Wé%gl{?rléﬁlé?fg sggpsors 105

0581 UGGl R L) RS SH PngoRe

IOBACa\tYde)BB[ THetrheter alfédﬂrémosnad) pfdc@ygem&smmﬁalsre@msb and

generated and are within the scope of the description
detgryingp @nerpr more flow characteristics, such as a density, a mass and/or volume
flow rate, etc.

The bubble size sensor 50 can comprise an integral part of the vibratory flow
meter 99 and can be formed as part of the flow meter assembly 10. Alternatively, the
bubble size sensor 50 can comprise a separate component that is separate and
independent from the flow meter assembly 10. In another alternative, the bubble size

sensor 50 can be part of the flow meter assembly 10 and can comprise at least one

pickoff sensor 105 and/or 105 of the flow meter assembly 10.
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The nmeter electronics 20 in one enbodinent is

configured to vibrate the fl owtubes 103A and 103B. The
woRsayi4os i s performed by the driver 104. TheP@EUS2007/069737

el ectronics 20 further receives resulting vibrationa

si gnal om the pickaoff sensors 105 and 105 . The .

V1 brhe PR egRas @dﬁﬁ??@@rsd\tﬁ BYY36 ﬁ&ugig@s‘”ﬁ&%ée%?m signal
for 1€ ﬂfom)ﬂﬁfé}?iﬁﬁ i‘ﬂ%ﬁﬂﬁﬂg S&P 3hsof 86 cﬁ?hﬁgsﬁb QHULBIY BSpcle to a

processes the vibrational response an et erm nes one
vibaati oo Lorfd @wnofeandbdiaarin shid few nsatetialasdaedensd thy bubble

mass and/or volune flow rate, etc. The bubble size

megsHeenbo2RH T M hubblaribratangl saspenser Toe buhble size sensor 50
i f { be, f : f
Ca@/h%rsﬁfeg(mr Xemteétgoﬁbggs‘gf’n%ﬁ%;?nﬁ ggltgﬁé%?%zt ?l&eéﬁ‘ﬁ??%? %%ea%hﬁ‘ﬁﬁ 3 can

vibrh{e@h R QhateHaCalll GAMRbiRehtlydfRaANRE @ HBPRABGNsé fthe
is separate and i ndependent fromthe flow neter

vitiglsegibl y 10. In another alternative, the bubble size

0 b t .of,.the fl et nbl.y 10
and [05YTEBfiY I8SoRE qrusndimeiis comPESF poasHE Soaigans
Aléﬁgitﬁf"ely% AP othef ethBEdibd Py B LS raASSEND In)énJaQOJ@Feb b Iu 2 bl e

size sénsor 50 is configured to generate a bubb
neadbe dobble ssiegweatorf5rintshmefdndw dimtets icampriserearbattbiealevice that
i ze sensor, 50 can_neasure_a_ bupble response to a )
bo '%ﬁpﬁfatw@ffe&% BPraHong %B@PEgleisi’Fetsﬁ’éSqu5§vPﬁ]&1€ &pibgdiment can
. . . i | . .
it RGN B Rl Ao (ARG TP AU ATRR B0 LRk lting,

vitzatiorzasiHevadycedatiwatiohuddl e atiallyzatite dsterAlneeubBld sigdsyol
t he bubbl e size sensor 50 can vibrate the flow ) )
entigined ay inghel floanmaigpiab qliehbubblergize genson 5@ gybplernatively vibrate

o FRRORRELD ok HrBLALL B RSN PR R Ly o e

stic v atio

emDoiRRAN thealubbld diz08dnesr FNEARFpIRR bak1fe YbHEH® Aferdy Qetects
non-acoustic. The bubble size sensor 50 in sone

anéndsodieswrrstigonptiecdebbisiarsdnger Hkvdrcdetediatbrbbers of a conduit,

incglgcﬁggré ?atcggdli%ﬂ g{ ?lﬁ%t Oé%Ct H@S &r%gﬁtxﬁtﬂgﬁo‘, 03%55%1% l, 8r gelmz girectly detect

Vit SRR 'ﬂﬂﬁ' thh@Wa C O b bR siE%‘ Qs BREE EAPlecBRE viR8tions
receive resulting vibrations. The i1nduced vibrations

geioantecl dyahaflpwedr the fldet @aterink wihebdih ehasvibesionk cembe aravesked in

as in the flow material.. The bubbl e size sensor 50
Or%éﬁo detCEPRS RHObIC $17HPH4EeSt he flow directly, such as

h ! . ; ot
o SR BRI B O L SRS UBL By OlR sponse o
thepR&s invRerddlV ITHR rhétat cloBr@liys 2ptACtcSei@ddnd pERievethe bubble

vi brations. The bubbl e size sensor 50 can detect
mogpemenbyignafang thenidrational response in order to determine a bubble size,
among other things. The meter electronics 20 can receive and process the bubble
measurement signal and the vibrational response in order to determine a bubble size of
bubbles in the flow material above a predetermined size threshold. The meter
electronics 20 can receive and process the bubble measurement signal and the
vibrational response in order to determine a bubble size of a substantially largest bubble
in the flow material.

The meter electronics 20 can receive and process the bubble measurement signal

and the vibrational response in order to determine one or more flow characteristics using
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including a conduit of the flow neter assenbly 10, for

exanple, or can directly detect vibrations of the flow
woredosniahs The bubbl e size sensor 50 can recei REL/US2007/069737

vibrations generated by the flow of the flow nmaterial,

wherein_the vibrations can, b rocess in order to
at @a%téﬁw%atama Bipenseiing ts bubjesize %??@eFﬁF}oa/%tﬂé? accompanying
I
o SSRIEL MM B B SIS ROBREDTAA RN SAIORE e bbbl

me2burearnt @geil\wadanevibrateabrdspensh ub blder ne gawraﬂantalarm if the
si gnal and the vibrational response in ord

bublle sizgicrecads puppdacniped sigadrgshald &eetFﬁGna@d Thf‘ea%etr@anymg
dls%uses% o':flh%Sala%& & %ﬂh&% dgflte\ﬁgdl\g,ﬁg t%eeﬁ clﬂgra%{'é?g]t € has exceeded a

enent Si ona response 'n

préalreféeﬁnﬁe@ Iﬁ@fls@‘fdﬂlm tGlchibbl e si ze of bubbles in the

flow materi al above a predeterm ned size threshol d.
The Tﬂitétneetereerl@@m’fmsl Ybcapeavarte 2bebbie simedurtc éssompe

t dth br at |
e Rn s T DU B e LA el iedsdr 92 €F S SRR g some
etbRbB8&Hts, RNOBLH1E Bizk BEtpuk QMYnBﬁEé%rd BRlbbld fige BEA §1'ibstant1ally largest
el ectronics 20 can recei ve and process the bub

bubtela s thenféow nsdtegme! Thrdubble svideputonalbersespd aﬁé or transferred to
order to degerm one or rmr%PfI ow characteristics

an GgFﬁﬁ‘&%torICé% ¢ thapR VF% R FgRate @é‘f%r?g &C¥iKq: t he bubbl e
Si Z qhg %’?&GIF &}I&tro?hh@snfb %e!?le {rp @Hé’ﬂ(‘gg%duf ﬁgﬁtﬁﬁbﬁyﬁdlcatlon if the

Al ternatively, er® e ec 0 can receive

bublbld speasesslstagedubihiaedreias diresind. Theoldngarftbw benditions
vi brational response in order to generate an alarmif
mleélomqaalpéO@ptz@ epcrelensr tecpristatte ﬂhﬂmﬁﬂdﬂ@w zcéndlhlp@% Hothg flow

h di
meg T %Ca nasttﬁle afntglrne Iaﬁ(g %ng tﬂﬁglt pI‘IF?S]Sil \?,mer ﬂow conditions.

c ha%@h@é’téﬁélé&rd?ﬁ@s mm&nﬁn@ﬂﬁdﬁwfr%a;@%w characteristics
measurenent tol erance. The neter el ectronics 20 can

bagpdrrex tat dubblowirsl d osicxamplet ethubble Soneancarialetad & a void
bbl e ze ou ut coggg ses size 0O

th
fragfigi ) 180 aie M B iR ny el A G et be s R podingly.
In Eﬂ’gﬁ Efn%_%ﬁuﬁeﬁ@éJ bR e %fecﬁfonﬁs 34 Qi%te@ﬂﬁﬁé%lthé’ oh@bPERte flow

leint ow material. The bubble size output
Chmﬂehﬁlﬁtmﬂﬁ o thaduloble kiza re:sﬁmdls acrédetamiopdsiat diredroldan

be transfer toare telocatlon or devic The
m@h@@%@%@%%%%&%%@@%%@? ﬂwmmMn

oscqﬁgtgﬂe% hORSsc da!s(if’i‘bh?ﬁlr{é;q]r%@ .ﬁ%ﬂh%%&%ﬁ,ggv%eﬁDrops and

erm ne Si ze change
Paﬁ@ﬂdﬁ‘,N SNSAcdddhiaPRn 108, Priomes 14 mnapesratedrheddin by reference.

technician to change flow conditions in the flow neter,
Theg catipnsaredgurdhby: e lrngahe nosicadit Btokes ¢quaiiopy ebilien using
em%ririé)atl ggrrregt}o%\évtg %nedxllatrfous Terms to account for hi gher Reynolds numbers, as
might be found in some Coriolis meter applications.

FIG. 3 shows a flowchart 300 of a method of correcting for entrained gas in a
flow material in a vibratory flow meter. In step 301, a bubble size is determined
through a bubble size measurement of one or more bubbles in the flow material. A
bubble vibration sensor can be used to determine the bubble size. The bubble size can

be determined using a vibratory bubble size measurement or an acoustic bubble size
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The meter electronics 20 can determ ne the one or nore

fl ow characteristics based on the bubble size. For
wexaspsae8 t he bubbl e size can be correl at ed t oPGI/US1007/069737

fraction value and the nmass flow rate or volune fl ow

rate can be adjusted accordjngly. In sone enbodi nents, .

MEARH SRR AS B Y L}%h&é%u%%? d'g{‘%g}\gﬂ% $12¢ peeagprempnt hﬁ%cussed n
h:sti.C: L, bl e size exceeds a

el RO HEY R0 o O e bl S € S ol

confihe $abblichézeaq yaine@nsboatimeint icompaikestarsip@niabadus bubble size.

particle in an oscillating flow, such as in dift R, .
Thgbyblle 31z in sgpg opgsiments compyisgs Esubstanyply arerage bubble size.
Thg %ﬁ%l%lsﬁezse inglb%ie’enﬁ)co%glﬁgﬁtg gﬁl@%’i%es al%zbgdle Rize %Qet%'sér]eﬁient of bubbles

I'ncor porate erern rererence. ese equations are

abdlinprea¥temiflnedRezetthreshinlg! aadbubbRiese RGvald @htSodMEnts comprises
then using enpirical corrections to the various termns

a stibstagrdlyriargestrbubbishere. REksshgtanhialip éargest hybhlie gine dge be used
found in so ri.olis neter applicatiaps,. FlG.
oAy BRI 1806 BPV e HEr ot [oheaPs bisepignfugnce and
imBAt oAl tRE Fhed@fred Mo EHaPWtdMERET @l in a vibratory flow
nmeter. In step 301, a bubble size is determ ned
t hr dugtep 30BLbbibeatsinakbrasparssarn e gemtratofl by rvébroetingre flow tube
bubbles in the flow materjal. A bubble vibratiagn .
assepidyr The Hibsariqng, BeSP%nS&éY%]rYﬁf}ﬁéccioﬁgmBGB@Peeﬁ%W?g therflgw material

in AR niicZ8s SRty Pe determ ned using a vibratory bubble
Sl ze neasurenent or an acoustic bubble

Si Z@mep B08 &M or ASrel@V chatatigristiScis dewrmibieg ubimghit éeast the
_size neasurenent is discussed in detail below after
vibrpigongil sespgriemdghe bhakble spac Haeong@o morp dlopyeharacteistiss can
. 1Ny SO nboedi nent s rrses._an, i nst ant anequs hbubbl e
in SO BY RO, FoGORY kSRRt aFl TR 2 &

ch&dBefigidsi aahlivclades ades Hehhhe &the flokhRaRHablfer Slaathlé.NHowever,
sonme enbodi nents conprises a bubble size neasurenent

othet flowbtiaeacterirtice ate gméctepletedianddirs ivitdin theesoied of, thF ldescription
gugbl e size in sone enbodi nents conprises a
AMGGEEPENtial |y | argest bubbl e size. The substantially

| ar ge8 eRrbilifs g%%g;o%{e @ﬁiglﬁqs\ﬁel REGaUT Sy Sant BhE8F nore flow

bubbles 1 n the mat er | w || have t'he bi ggest

chamétetistiise Fondxamplkch domsityhacaspeseredaf beas known to be affected by
characteristics. In step 302, a vibrational response.
enﬁf%lﬂ@@ ey la&aelaqtaa flompmatariag azsormawn etvae Beassiflew qendition, and

. . | : . ‘
PR SERST: I  ER 8 0 e e
bubtleRiz30 T heWud bl sixeaad obtvhA ed Behtae tsirity Sarfb€used to determine a

determ ned using at |east the vibrational response and
substantigliyprssanghneous Pae velneedn thoflewimatariah afhecgasriodurne gan be

subtficted from a substantially instantaneous volume flow rate.

In some embodiments, the determining step can be based on a current bubble
size. For example, if detected bubbles are not greater than a predetermined size
threshold, then the determining can optionally be performed using only the vibrational
response. Conversely, when the bubble size exceeds the predetermined size threshold,
then the determining step can use at least the vibrational response and the bubble size.
The threshold can be set so that the determining step is done only when bubble size and

entrained gas effect becomes significant.
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include a density of the flow material, for exanple.

The one or nore flow characteristics can include a
wore®s/141408v rate of the flow material, for exanPpCBUS2007/069737

However, other flow characteristics are contenplated

and are wthin the sco f the de Cri

cl a.Cf%lo lfrmet%rétr%qweﬁﬁﬁfgtﬁe gl%matﬁﬂa mev %Bﬁf% \@\ﬂé thegflowtubes
duﬂﬁgugftﬁyud}f When Q0 b QAb18PLE lﬁér&}gﬁ £ %ﬁ%gﬁ&gﬁb&% nboﬁ%ger valid

exanpl e as no to e

a densi fy neasur enent been

as dfefettaededoysodmd redatiedng@en, ion daccbupd;mgplbétbv@m tlmtexoi phlases. The
also known as a two phase_ flow condition,
r@@@ﬁl dpit prgdictiag @éh%\ﬂ%ofcraﬂvm ﬂ%%ca@dz,reqhat @ﬁc)@uah@g effects in a

COI”I% 1y tgr df‘?ﬁ fntfl](? ﬁuﬂi%' tlhgn Bé‘l Eé)étd)e[ocan enéraqg %L%%Prjaﬁled gas in

Gnd op e coun

th&ﬂé@hﬁ@t&@al&vl@é#éﬁieﬂﬁtﬂb@é élye isn&loant aneous gas vol ume in
the flow naterial. The gas vol une can be subtracted

f r ofukbleutiest iarst piak oy co 'taimam@ml@i fiictioe of ﬂmgepme@?y of the

nme enbodi he d ter ing s can ed .
ting g A5 0ot QUr o] BEPORiE, Jod ot TR aTeet BT mside
thebME‘tQk 8sn B¢ McQlred Bﬁ %tr%l e 'Baﬁs Qﬁ& %tfﬁhm Hﬁ@eﬁéa%@oe used to

hreshol d, then the determ ning can optionally be

comperﬁslatenﬁm dﬂsouptj;lng reipre fred eanbenableangirove@s@unseentrained gas
Conversely, when the bubble size exceeds the
“ﬁ@?@ﬁ@?@ﬁn1ned S|ze threshold, then the determning

st e@f:&é"}gl SRfip et (?fﬁteslﬁ%ﬁ) dﬁvél% ﬁ'{g:hﬁﬂ@llneﬁteéag {5 nﬂﬂﬁ‘pﬁeﬂ@ flow

bubbl e si ze. can be set so t

ac@lﬁtlei,ﬁnﬂu@@gsheAH$AdmaccBﬁbyole/\lSrmtﬂ@uiHﬁérefr@nDiju)w Inc., of
entrainegqﬁas ef fect beconmes significant.Coriolis

Jesyep.vlgrylangupneé inheding He $treswn hancarpauct feswe € TR Mappfapturing &
Mat%refal(s) g"év‘ﬁnd)qgg’%?tg {3 la %&I’lﬁp uls%erl]hlt Is’?ﬁeo ml\é\gﬁur%eé é?r?n&?plg ¥s \%1'? simple.

EathBa6ble Ds@llales adialSoME L i@kl HequiRky Whenit WRE PriRknRY,
bet ween the two phases. The f|UIdS nodel for

dispurbatiast iim thebiddva wr pressﬁre rtrlmtmrbgnchSLﬁCdB es@madsedices. The oscillation
decoup I|n ef ts.in te Furt
frefFea et BShTRge Symimra ey eHEAOh e s asting e as
fold@ss:in the flow material where the bubble size is
known. Bubble size in a pipe or conduit is a conplex

functign the geonetry of the line, the flow rate,
and @t ui d properties. The exact distribution of (1)

bubbl e¢ ¥ fdi de the neter can be measured on a

rea basi s _an f|UI can. sed to .

comUheiT B3It Su P MG, TR GBI bfEd defiey or the

ﬂowma@vﬁmm 2 tANER AL AR IRcat FRASHI BBEIRRSMaReME hal the (p) term

conpani es offer a bubble size neasurenent based on
is thallguphprsesuir¢.olhe measurement comprises exciting a bubble, either with
turbulent flow or by active excitation at certain frequencies, and then receiving and
analyzing the returned frequencies.

The vibrational bubble size measurement may not be highly accurate or reliable

for smaller bubbles. However, it may be desirable to measure only bubbles above a
certain size, as the smaller gas bubbles exhibit a negligible effect on the accuracy of the
flow meter.

FIG. 4 is a graph of a statistical bubble size distribution in a flow material. The

bubble distribution in a pipeline is commonly known to be well described by a
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acoustics, including the ABS Acoustic Bubble

Spectroneter from DynaFlow, Inc., of Jessup, Maryl and,
w@rwsismhgidi ng t he Streanlfone product from CSIRA/US2007/069737

Manuf acturing & Materials Technol ogy of O ayton,

Austral.ia. The neasyrement le is v
10@8&‘??3%6‘6@“8% UCLER] eﬂéé@ﬁf Ip3p fa’p tojthe, SpaNgI dA@mgPers ‘As will be
sh(w/ﬁ L e %lmﬂaﬁgla‘f\’bé ubé ﬁ%ﬁéﬁ?@ (6t ShHE Q?er\?rﬁzo'f@wtllcﬁ%e bubbles

| ow or pressure disturbances from externa urce
cofitamigs tiokd @ftthegad velguencys ith aafortnhkdibiribaitionpie nhean and
primarily a function of the size of the bubble as

Staﬂé‘llrﬂ(ﬂ%latl‘%ﬁé?@tbﬁ &npwy te defing dershappobibedistabntion. Kedhe
fol cﬁ}ln% %)ev loﬁm%pfs‘ { Seuééjralql%&?é }e%)re%ftentt tgﬁlca \ng\ﬁ ?ﬁﬁ& ! lflsah()ws at

peci

mddetes Flalv,ragRd the (p) termis the liquid pressure. The
nmeasur enent conprises exciting a bubble, either with

t ur Bibkerare Wo\ﬂp@trfolb;ag aspdolseregrisiingathie sleceuplingreresirin a Coriolis

Robu gl odhe hieed R afiacPa BRIR ottt Pl 8 bdtGuse his

volﬁ%?é&’ét@r@?ﬁﬁ&s ﬂ?i%Bén{H%ht BEd&ioaplod MAg Wh%h%l‘aﬁvé ﬁldtl%i%'o%cﬁr"s’ between
smal I er bubbl es. However, 1t may be desirab

thentsasppirase© n]lnyotbﬂ:rbbbmls thb ovateradomen t aane_tmvzmanﬁbublbﬂes there are, but
oSy AR b BTSS0S0 e
buﬁﬁl@tlé & Iﬁﬁllrhlgt' E%EF ﬁb?@ec@hﬁ%rﬂ&ﬂ ttlllé)ﬁuldn th%n 1{ \9Y1’1 not cause any

era e distributionin a’

err@ﬁ;rﬁﬁdrtid,és kooreedito beeonsidbrede Sy dedlatper ahblglemvrmlmatter from a
di stribution, being skewed significantly to the
deeavpling me@pa%tee rEe offecipf pndye nyR eineser uhble Alag cayse greater

th | f
errpE e Bty t@%ﬁ@ﬁﬁfrgﬂ%?f*ﬁﬁ‘ﬂr%stbu%he@hirSai“iof’ﬂmﬁ “ns
W t Mr@n RofoMahe Pekbbdthiét bR, thé Rev !a??ﬁ bBlestiA ﬂcéa(ul@lmbunon matter

devi ati on nust be known to define the shape of the
begtiuse thiclsetomain darost dlbof bk ltetal negjuhey dihapivantustjvet esgese the

ar anet ers re esent t.ypi wat er and gas fl ows at
Voﬁﬁbeeéﬁa( PO {1 OfEI*ngrlagluére two controlling aspects
regyf i digr, th&e %&%{ﬁ’éﬂ Sk ?c”h@rlaﬂg@r ButsBaE §i2kd whidh W actual

meter. The meter is affected by~the vo%urre of gas In
detduplinptpecditrted dy ske flhids nvadel mecotheiderad. Nés mbéelprediots tlodt for

deco fluid when ati ve m)tl on _occurs between
VeRYH@Ng ﬁf@ub&%%glégs theye &tlﬁEw npafegeuplinge %ﬁet%radﬁgﬁak loggprgnal
b I r t
R 5P G P e A SR L G ALEEERR v
dlsltIﬁbLﬁIC@ll Wil hubdthgletesy Bekedrd dtep Ragh thé ﬂdQB@ndWIll case upleeror in

fromthe fluid, then it will not cause any
mass flow or density measurements.

It has been found that bubble size corresponds to an oscillation frequency of the
bubble. Consequently, bubble size can be determined by detecting a vibrational
response. If only the largest sized, most significant bubbles in the flow are desired to be
found, then a relatively low frequency signal somewhere in the 800-2,000 Hz range
should be examined. This is well above most of the vibration due to pumps and other
components. As a result, the received vibrational response can be examined for a

drastic increase in received signal somewhere between 800-2,000 Hz, which would

represent the large bubbles in the flow.
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errors and does not need to be considered. Only the
| arger bubbles will matter from a decoupling

wWEeegpenrds ve. The effect of one 5 nmm di anet er BPCHDEM07/069737
may cause greater error in the neter than hundreds of

f ewﬁsawgﬁ»%b%a SsmaGor v (e BoPiioue Reswiabd die %@qu?glée bubbles
in ﬁﬁ%ﬁ@celc%t oglna l‘réna%&loﬁt 0 ?élattl\l;bemBﬂBﬁK i.e! o&é&ﬁﬁglﬁ@'o%gﬁﬁing in the
S cupe

Inturtive ecaus e vo ume of ere
meddr dahercatbuliged. HOvmsequenttyh ér canite @mmh@erd Isdw fiuchdfatthe each
| arger bubbl e sizes when the actual decoupling

bubblé dy eedingyhamherljquididndiseeng exacty herdepguiluihe dispépsed back
theg(gtﬁgtl &t é:éléﬂ%{l résg S\lleﬁtrOth B&%Itlon %{ftl.)rpe H%II?Z ggl’rlllg tl&%lr %1rectly toa

de@iBinatibh bif @an1ﬁ§*ﬁrfd?f ahg vald ﬁa&mn&hﬁs@ﬂ d mpleeeiaabh.e rrge method

sizes, many of the bubbles in the distribution wll
CO@@WH ednyer| ad gkadtyi appseash. Wi shtouldhbe finddrstoad chapiother methods are

caus ror .i.n ss flow,or,densit surements.
cof Tt i @it TREeopt B HE e SBR +BERE T 0.
osCipld;as kihvd & 5915'&@ %Y r&fiud REnHHRLLGth 1@9&%@%”@ Abld/flow material.
bubbl e size can be determ ned by detecting a
Theibobhleicongirisces poinseal lbcﬁdyoml ayfltiden¢danige skhesflwé dnedimstis

gni fj cant bubbl.es i.n th |l ow are desired to
Oscflha%g inysyaphranizalign Wit tb ol hcs qtiRarlisegraR fadlts R and moves

a tétgmmﬁég oﬁ_ﬂA J\?ltﬁ% lfo&@?atfg{l dJrd f?@ﬁﬁbﬁ I}ﬁolﬁll Qet%eco peak. ghe point of

OVE nos Vi bration
1nt£sr%st0 lg IEB g1 qtilﬁ)%ﬁe 9%501!?1?& i thAﬁu;i;d a%a l1’1'0{ lts g@@lute motion with
ecei ve ra ona respon e
respb@sh IaQabdiﬁfoe@ﬁamerbﬂr@fé%med Thii Ot ive mmleéael Hedateea as
00-2, 000 Hz, which would represent the | arge bubbles
(4, 4 ﬁeWIhletw( 455)981 thergnplitede hbthgsostinsausdiuidimadaenl iTheifthid
are known and the sizes of the bubbles in the neter
amgtieuder(odyn is edsentaattyutht aofpliteleaifithe floptitenvibration, a known quantity.
decoupling) occurring in the neter can be cal cul at ed.
Condhgdmnutd showsta bbldmodatgefromrtbd nhidhinawicthe taret inetion (the left

Podiae it &bbaﬂ%réirehﬁé‘&%%éﬂﬁ@t%&@gt he@%wgéls%ntt% enp ey e total
Voweeﬁff 1ﬂ)}pthre ?ﬁ?ﬁ@?n %ﬁgg{%trlr)] a peak e[a?ﬁ &BHQ h‘{rgugh the fluid is:

erraor and action throuwgh,a sinple equation. Th
met K@ Fkgesf% <4nX@ bt gRavity approach. It ®
shoul d be understood that other nethods are

ConttRyiwivat, ekl aftdalardume biliguidiBatsaowrse ddes hbeinclude the volume of
descrigtion and claims. FIG 5 shows a bubble of
the gagitubbR. ridvly e viplumeraddjswid thapmeves diuang flowtubgrebragipn is of
ri ses a spherical body in a fluid

The buhbl e . £9
CO%%%%JWBQ r\I;%[l(ﬁ/rnedlurnls
VolumeDisplaced = (A, — A, W2R?) (3)
Using this volume and the above figure, it can be seen that a center of gravity
analysis can be employed to find the average displacement of the fluid in the path of the

bubble. The equation for the center of gravity of the displaced fluid before the bubble

moves from zero to peak (X, ) is:

- 2 1
Xbefore :§R+E(Ap _Af) (4)
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oscillating in synchronization with the fl owtube. The
particle has a radius R and noves a total distance of

W@ 2088/137408 t h each oscillation of the tube fronP@BEUS20DT069737
peak. The point of interest is how far the bubble

i 0 Sagiian 05 i Seabis ity 1o e P e B Trppdbble

def d - Af wh
mokf%g?‘l %ﬁre ah‘p%f%dfé?gsf ?hlenﬁon??ngoﬁg fl ui d) medi Erne (

The fluid anplitude ( Af ) \ essentially the anplitude
of the H-oWrube(yjbrgyion, a known quantity. The (5)

figure shods a2bubbl e noving fromthe nidline of the

R e SRR PP B e G st Grigh) or cach

volunme affected by the particle noving from zero to
os@HBathkoraofthe tulefromreugto pdak didplactnient. Vol uneAf f ect ed

=( - Af R2) .. weve a vol yne .

of Aﬁﬁtﬁ ah(%\ﬁ iher%%@%éébgg Hetu m%@&@s@ﬁ@e\c})& hplter stippage
n A8 DAL Y ISP el LU TR i
volyinye NTlasfigifelshowbiispdhakt el tire(odpter ofbravitpRA) ) i) toldhe Blippage.

this volunme and the above figure, it can be seen that
Thg shidhingpe gentgy ehgrayituh X yesrarsda ﬁpn@wé%t%@ﬂé ikratign phthe
ﬂOt rt1eb average displacenent of the fluid in the path of

the bubbl e. The equation for the center of gravity of

t he HYwdRAGRdwindid ek 6f FIHR EORLEcIBURSafd RMoE Q5&Ful for

to peak (X before ) is:The equation for the center of
detgrmwviing thefeffaeeonl thepd casiey nfeasirdmght. dnstchd woludsiid eeaded esthe
eqll;u(/g]ggytz \Zorh?}ﬂ]%ghg eak )llfﬁivtegara %Bg&%tﬂ)ﬁ(%grtneplﬁta}ncm é@%e%oves
for@)ﬁ?ﬂ ﬁg&dgf & @Bﬁﬁcé)ﬂle @am@chglﬁe iBagd cé}ﬁ&’ B3 @’5‘!/1%“ Rfcath H?en be

fromzero to peak di splacenent 6 shows t

assuimsardl thatettlisfHrolurde \mﬂl(mpartm]}iattﬂganbhkbhibe dserﬂlanen almditIEfIhaﬂS

slippage in the fluid flow material, The (X) term.i
Co@tﬁ@egélﬁf@r"%’flmﬁ uillheyabgntreun thesfansins aneapyfeaepb) Db comprises a

v

co%{%fv%fggl{{fg/o :t:lglgtéglg afsél%dlirﬁg tfl‘?tttﬁg Bﬁl?rﬂe gge (Ztrcjh%%fge in volume

dugh@wiet ()Sc(ll?é}ioﬁ.c qlhe Sollowidgrasduldtion firdstthe an-lpaﬁIchIQiﬁlngfvolume.
the fl om ube. However, know ng the anount of fluid

t hatX onve¥ backwdrd, V6. natousef ul for (6)
Or:
4
K_ gR][ﬂRZ (Ap - Af )] = (_Af )vnon—participating (7)

The non-participating volume comprises the particle volume multiplied by a ratio
of the relative particle displacement to the tube displacement. Summing over all

particles in the tube, the result can be stated in terms of void fraction (I'):

4 3 {Ap B Af ]
Vnon— articipating _ﬂR (8)
I2 pating 3 Af
Or:
A —A
Vnon— articipating F - g ] (9)
p ipating { Af
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determning the effect on the density neasurenent.

I nstead, what is needed is the equival ent vol une that
wowwBd4os/ e backward the sanme di stance as the RPCES2007/069737

noves forward in order to produce the sane change in

the_center o ravity. It  can then be assuned that o

thid 6?%@5%3?1 atgaﬁf%w PRRGIS 17QYENg 19 tﬁﬁ élg?m bé, ~ Af?and a liquid

oscillation and the nass contained in the volune wll
splipae gaag the sameididangsieiths/lefe dheremennethods an¢egystippgan

ti . C | i , i t hat
R EIEEY & AR the HO IR BAE (7 Thg the
oscifghatidrfor teeachill demdityd £al gahatieodenkit stht doupling

non-partici pating vol ume. cai'cul ated cal cul ated \ /

(phon -)Rahbeek@blitHed a¥ HlIEKs: - A )] =(-Af ) non_part
cyatng (7) The non-participating vol ume conprises the

partj cl e- yolune) gl tiplied by a ratio of the relative(yg
par(%%fe d(gpladgﬁﬁnt to the tube displacement. (10)

Sunm ng over all particlesLin_I tube, the result can
é d}

be at = e rvoid n(yY): (8 O: v 11
non?ieﬁoﬁpr%?i c/iﬂfp(gt;ﬂr’{g@ r|?fL LALE I\ (V) A fThe result( )

refl ects a gaseous sphere noving to the right (Ap - Af

) ahnsity egor chnsphed@land as thet diffesane betiveraticed¢mupled density

| eft. The sane . .nethods and equations can further be
an‘élgl&f‘cﬂf‘l&@Pﬁl‘(}’edlf”rﬁiég%aﬁh%é?ttl? G38Y'ng vol une. Equati ons

for the actual density (pacﬁual ), and e density with

decoypl ingePeec Aipled [shed as follows: (1)

p de“Pled =Pfp,a; r )_+pﬂrp{1)~,§plﬂ) Defisity error can be
cal cul ated as the difference between the decoupl ed

dengihiyequadoh decabt giabs danisyteyroay ldhgthshie tdigtihvaahuadn of the
density: This equation directlyjﬁgves density error as
paitisiay, &g, thiee rtermasiapekpevp Hienpthetfiads model. The bubble size

measurement and the known flow material fluid characteristics provide the information
needed for the fluids model. With this information, the meter’s density output can be
corrected. In addition, the information can further be used to determine the void
fraction I', as the actual liquid density is already known from the flow material fluid
characteristics.

The use of a bubble size measurement provides a completely independent
measurement which can be used to detect the presence of gas in a very robust way. The
technique not only enables detection of the gas, but can provide an estimate how much
the entrained gas affects the flow measurements.

FIG. 7 shows a flowchart 700 of a method of correcting for entrained gas in a
flow material in a vibratory flow meter. In step 701, a bubble size is determined, as
previously discussed.

In step 702, a vibrational response is generated by vibrating a flow tube
assembly. One or more flow characteristics of the flow material are determined using at
least the vibrational response. The determining can further include using the bubble

size.
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particles, i.e., the Ap terns, are known fromthe

fluids nodel. The bubbl e size neasurenent and the
woewsndfbow material fluid characteristics proRCTESI00B069737

i nformati on needed for the fluids nodel. Wth this

i nf i , h 's d i 1
o 0 Sen 03, e Db Rises i chEpRishle SbaemaRed e Hpshold. The
proftRESh R CHRAGIL SR AIIRAENQ Tl cpBBrif S Bkl

enfrhived gahtheabb Rl i 1 theclaubblhe@zel Bdeof than biibdplag tethegredetermined size
nmeasur enent provides. a conpletel¥ i ndependent

thraehieddirtbereie bubblersizcin apeeniale 2p¢ theenetbpd bRncheeaienpe step 704
and fex gﬁaZ[Sf 'tlgee@éb\fﬁé Yizl ?bé@%tgmh tﬁ%ﬁtie(aege%ni@d%yz tﬁroetshglla! then the
gas, e an

ena ctron O can provi

buﬁ@%kﬂ%ﬁﬁuﬂﬂmmﬁwBﬁz&h&h@ﬁkﬂﬁﬁﬂﬁﬁc@ﬁ@t@ﬁ& gos. the flow
measurenents. FIG 7 shows a flowchart 700 of a nethod

of dostepdOfmn dlarm engengrated Ghealarmandicaes that e ale drpmore flow

a vibratqgry flow,nmeter. ln step 701, a bble size is .
chlafiErondive S5 HEY p grleytae gl mbare BertioRrdist, 58 Sample, if
theVinfibidsl R88l0 LESDARSS: dchsBF AR heBY oMhB TRV RlteRial b&YVbe

tube assembly.” One or nore flow characteristics of the
ad¥drealy napactedbhndce biet@coepteblyuscmgteadud te@strainked gas. Other flow

vi brational response. The determ ning can further
Ch%rﬁ%¢ua&8ﬁpﬁ&%b?£%a%ﬂ&ﬂ2>Y§gﬁ ENfrwned &3%-703, the bubbl e

si z - gm%g - e :

The%}pe 'Pgr gltﬁ rm %gﬂ‘t‘ 8‘ ?@éﬁ‘ﬁ%ﬁ%ﬁg{g | %a@%ﬁ@nc&ﬁ%@ﬂ%ﬁ?ger
elec@bnicoO0Pr GRac@Ninacicepihablcen arlud tradfgafg bhaksmadotditidn or

t he bubble size Is less than or equal to the

indieasipatte O elgvises suelhpehpm@nitpiag sYshanb (isppatigp sle 3lgrm can
.acceptabl e and the hod branches_around step 704 and
indRERRR RS e LBL PSR RS P o The”

pr edﬁh@faﬁhg@l‘i’e Sla@s chih Fﬁﬁﬁ’[&@'ﬁ%ludé‘@ﬁhs&ﬁﬁn@%%lﬁ%ﬁ%@r dtherwise
' qnapcegtab e and the nethod proceeds to step 704. In
indd¢asimg 206 bublrie alzar mchsis generengd bulthle sacantputndibedubdble size can

that the on r- more flow characteristics hav .
cogRgae e BHBMErHen MG HEA L BYROTE S8 UL carggmprise a
re SRR e blbblole U Bhl SRk ®ubBR diAl 9€, then a density

measurenent of the flow material can be adversely

I npact@de ambhodanerive genaatetieldyrnacaufiather do@ptise generating a

.entrained gas.. QGher flo cha{acterist'cs can.al so be

gl

migegriagisat gy thahndigaissa red fgashangiveaiongoanddioisar fsome
e 8L 55 00800 L BP0 DSBS concions
Fot exdigplel 4 1109 rameahbroy ek beoimcased in order to decrease the
entrained gas error. An increased pressure can reduce the bubble size. Alternatively,
the flow rate can be increased in order to break bubbles apart and provide a mixing
action. In another alternative, a mixing action can be initiated in order to break up
bubbles or otherwise reduce bubble sizes. The mixing indication can prompt a change
in flow conditions in order to break up bubbles or otherwise reduce bubble sizes.

FIG. 8 shows a vibratory flow meter 99 according to an embodiment of the
invention. The vibratory flow meter 99 in this embodiment includes the meter
electronics 20 and the meter assembly 10. The meter assembly 10 comprises the

flowtubes 103A and 103B, the driver 104, and the pickoff sensors 105 and 105°. The
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i ndi cation to other devices, such as to a nonitoring

system Generating the alarm can include generating
waeoostemoer of visual or audi o al arm Gener at | PGL/UB®07/069737

alarm can further include transferring, displaying, or

ot herw se indicatin he bubbl e si.ze uch as
megerisrArPd O sa%%?%tthfén%i %e@trow(bﬁb Bicelcaqs; k)G g before. In
ad GBBRY the BuBble R A& hs PR Bhffise Al ottis1Rbf hglow fldGr assembly

ubbl e size output can conprise a representative
10hubkhebsicaeplod tatheaneragectbartitd 20 by Aee lidknS Kolke bubble size sensor
enbodi nents, generati n& the alarm can_further conprise

509é Haip sEbRgINBCTicRN Rg lecatndcaymérera emthei fiy sxpterssserpelyd 0 or
alt&%ati&él?%% Qgtﬁhl? R 0w, bSO Y Th'bitic
generati ng e alarm can rurther conprise changl ng e

embo@ith &R dhd bile sizOker@daBPlcen cambliova dr@idrapicRiiesSsEhSor
can be increased in order to decrease the entrained

attgeed ée popart ahaiflecy eersludt. pr essure can reduce the bubbl e

siz ternativel he flo ate can be increased i
or dE1Gt 6 SEPEaR v EnBe B ghr B 4 B P DR e B PR o the
inREHbANThE HRABHAbWAhEEE 024 1, orflbdikicAPcABldyQBnE 30 tfickott

initiated in order to break up bu es or otherw se
semrsecul® dsubiatth e psekodBsenIdreand asi anlgibibidlsizasénsor S@nCpnseapently, the

N T (AT A
ey ISR CRT P RS ROS 8 8 0, S, Tourm

enmb Qe Mitirhtoiry Clowd@stet hed Miieyd flealin®ni ths id@naba chide
net er assenbly 10. The neter assenbly 10 conprises the
emplayied aseer digan aan et tosanbedigents werdaga preyide several advantages,

.~ pi ckof e r 5 105' . . The r_assenbl I

it s fiPe s SRRy APR, AR 2 wisinbd R b o e i ietilyfe accurate

flodscHed@rdstick NTREHraRRy flbREMBPREMStHR B8 HS gy &ed
conprise a portion of the flow neter assenbly 10 ‘and

defeaminseneouphad neastted ooy ehare¢tedstrasnilom atrainedidae id prgkent in
51. The bubble sjze sensor 50 of this, enbodi nent n .

thoFo SRR JFAEA TS ORHECRE G At GEaBnp oe B determine

theP16 8RB N cCaRaiBXd ERth & AbQ, Refel QWCHBSy ﬁlfllytibﬁlefﬂd?)‘ﬁ(le size
nmeter assenbly 10. In sonme enbodi nents, the bubble

exalede asesbresibdldcan conprise a vibration pickup or

sensor attached to or part of a flow conduit, FIG 9
sho eé(ﬂwmﬁewnﬁﬁ%aﬁ%\egwdg@n&@mmpﬁ foleggrmine a bubble

: i F ' ' Vi :

sty 0 T or Mg R tP AL bl b BIBLAT o doyhiFEL Blobie

voR@MS 0T Ige WiBRatas Mol haemindkaéthod ems be e@pibyad ta dbebial® an amount
si ze sensor 50. Consequently, the flow neter assenbly

of gutrgiged paspincduding avelureg ef crdradead gasi ddhieonbigiory Hlow egtps and
mleI(l)ood cal-l%ee employed to determine a void fraction in the flow material.

The vibratory flow meter and method can be employed to determine bubbles
larger than a critical size. The vibratory flow meter and method can be employed to
determine the volume of critical bubbles. The vibratory flow meter and method can be
employed to generate an alarm if the bubble size exceeds a size threshold. The
vibratory flow meter and method can be employed to generate a bubble size output. The
vibratory flow meter and method can be employed to generate a change flow conditions

indication if the bubble size exceeds a size threshold.
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| eads 100 conmuni cate both the vibrational response

and the bubbl e size neasurenent. The vibratory fl ow
woreaosn4aml net hod according to the invention CRBEI/B82007/069737

enpl oyed according to any of the enbodi nents in order

to.provi de. several advantages, if desired. The
VWWFB?%@HP Pl ow nmeter and nethod can be enpl oyed to

det ar | &L : i r :
L o T B O DRI L s anGl oy I A6 G bateria,
comprigipe nmeasured flow characteristics when entrained

gas is present in the flow material. The vibratory

f1 ot flent meteypgsaneltly 6 HO)cenfigared ip 1gsrate ovigeational ieepqnse for the

fl ow charﬂ%%;l?}r {e?ital,cs obtained froma flow neter

a . .
assenbly only"i ’he bubbl e size exceeds a size

t hr e pBbK.- siNRnYér5af snfiduk@ionEineFatan BubBIk hehse@meAesignal for
enpl oyed to determ ne a bubble size. The vibratory

f1 ow net érc Bowl natemddamhn be enpl oyed to determine a

bubbl e vol une. The vib ory flow neter an hod . can

e ierayerrissddfL el Qe Rothinoer Sureity ok ds R bubble
i ncl udi ng;-a MRloH 30)eh deBhTighRado 882 ive HRE v HaPFdponse and the
flow nmeter and nethod can be enployed to determne a

voi d fr abtibn meastieencht signamtieternaine aThbbld HzaoDiybbidsawthe
met er and net hod. can be enpl oye‘gbto determ ne.buaﬁgl es .
| ar ger t KRN RalFiat g akleaw theRubble greaswrlnent dgnatedelprmine one

and neth %ﬁm (s N vol
criticalgggﬁ%€g§37 ec%¥§rg%gﬁggﬁﬁ%m1n%?%&ﬁgﬁ aﬁg?ﬁgge
can be ewidrayat] tapoeeidtthe dablkaizz i f the bubbl e

si ze exceeds a size threshold. The vibratory flow

met er and net hod can be enployed to generate a bubbl e

Siz ut .. khe vibr f] ow net.gr d t hod can
2 be” S uHlry DOG L IO ek R BB RG 68 o)
mdaBiehi€ad beBblk Feshbis bl iBrasiod & T ®XE 8L Hfor@ bebHEs in the flow material.
threshol d. What is clained is: 1. A vibratory flow

meter (100) for correcting for entrained gas in a flow
material, conprising: I meter .asse 10
3. configaiaroigsarat 6700 of Bl ot HEBRBHeS e 01 450)
i O R Bl L R B SERSRLpL A BB RIS b
vibratires.i al ; and neter electronics (20) coupled to the

flow meter assenbly (10) and to the bubble size sensor
(50) and configured to receive the vibrationa

4. "€s %@%@or%gy 0% meter (100) of claim 1, with the bubble size sensor (50)
acoustically vibrating the flow material and subsequently measuring a bubble response

to the vibrating.

5. The vibratory flow meter (100) of claim 1, with the bubble size sensor (50) being

separate and independent from the flow meter assembly (10).

6. The vibratory flow meter (100) of claim 1, with the bubble size sensor (50) being
formed as part of the flow meter assembly (10).
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bubbl e neasurenent signal, determ ne a bubble size of

bubbles in the flow material using at |east the bubble
wore@sosBnent signal, determ ne one or nore fl oRCT/US2007/069737

characteristics of the flow material using at |east

the vi brational respon and. the bubbl e, sjze. . 2. The
7. vi bR oiBratory Ows@réﬁ@)@)o?slfal@ﬂam 1t emvﬁletsr?@ 505120
cofbfifinRIRAL SRR SUTOPELB) BERR ol FRRAREAONR10),

3. The vibratory flow neter (100) of claiml1l, with the
bubbl e size sensor (50{q vi brating the flow materi

|

8. and Toapeugwentloy metgs (Y10 ¢f slayuph mathy ¢egrsrgmetthe bﬁ'éble size
[ [ 4. T ' . I j

colf R i B AU L O ARy Btk

ma¥éryiating the flow material and subsequently neasuring

a bubbl e response to the vibrating. 5. The vibratory
flow neter (100) of claiml1, with the bubble size

9. L out et iont Bar§ P L) 56 hind” BT SRy gl hiutp size
furkte? an@frisﬁfgadert@rﬁlim btihe biHIOWRBLE i BHbRENS Me K18 material that
being forned as part of the flow neter assenbly
are( @y e A.praddeervibedsiae threshowd.net er (100) of claim 1,
Wi th the bubble size sensor (50) conprising at | east
one pickoff sensor (105) of the flow neter assenbly
10§ 19rhe ¥ibrdfiey YoRr RERF Y1 d) BB WidOfe ficr & thBites (20) being
wi th determning the bubble size’ conprising

furdledr eonfigired té Benddatb bhealahzi tied bebtde bist arédeds byprédrei@asiicd size
bubble In the flow material. 9. The vibratory flow

thrgghodd, witlothe adarmeingliGeing thitithe oo et mrd e ccharapigpiblies have
i further conprisin term ning the bubble size of
ox iR B T e B R Bt "o 2 above 8

predet erm ned size threshold. 10. The vibratory flow
meter (100) of claiml1, with the neter electronics
11{ 20)l'hb eitbrgtofy flowemneieo 0FA0) wf eimd , dentear spempaising genaraiihg a
b %ﬂe bubbl e si ze exceeds a predeterm ned size
UPHPSERAUPY Wi t h the al armindicating that the one or
nore flow characteristics have exceeded a
predet erm ned neasurenent tol erance. 11. The vibratory
12f | oWhewitentofyt Bloyv mbtee [ BIONoX clafimrlt, fiether @opiprrisinggzenerating a
chagn?gréetjio%tv Icgr?digorkl)suikr)lkd)lc%tigrll %fethg %hgglte size exceeds the predetermined size

threshold.

13.  The vibratory flow meter (100) of claim 1, with determining the one or more
flow characteristics further comprising determining the one or more flow characteristics
using at least the vibrational response and the bubble size only if the bubble size exceeds

the predetermined size threshold.

14. A vibratory flow meter (100) for correcting for entrained gas in a flow material,
comprising:
a flow meter assembly (10) configured to generate a vibrational response for the

flow material;
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12. The vibratory flow neter (100) of claim11, further
conprising generating a change flow conditions

w0 pBasdON i f the bubble size exceeds the PCT/US2007/069737
predeterm ned size threshold. 13. The vibratory flow

met er 00) of claim1, th determni the one or

mor abrlﬁé a&q@éﬁi@wym UF gt orene Bﬁ%@lﬁ@leasurement signal for
det er m NG s NS 28E 19%n ({mre flow char acteristics using

at | east the vi ratlona response and the bubbl e size

onl yndtér dideerdnidsliPe) soupdedetoahe flowt hetecpnadaibey (i add so g bubble

threshold. 14. A vibratory flow neter (10Q) for
correct i HECPeRsoBAtP)andeanfjadred o zeger ﬁﬁtt@am%nal response and the

onor ot e PPUR sV g 0 ATRigb SRR PR R & in the

a bubbl e figivz@ateiasMing 80kaGARE babl1€ theaurg@Res & @aladetermme one
bubbl e nmeasurenent signal for the flow materia and

met er el ecmosefloy (hroctastips eﬂthﬁdlqmmamrmlvumg@t least the

assenbly (1 o the bubbl e si z

cont 1 out STERPLESPOR AR ST ABALT BSOS NaC Eepeds a

bubbl e npasy ‘éfe@ﬁi%{btsﬁé @naholdSHEY b A fnuRbtiS ﬁia% @n@Br more

bubbles in the flow material using at |east t% e

nmeasur emtlotv cagaadristide hevarexvecdatea plrednnerralrfekicnmasurement

characteri stl cs of the flow material using at |east

the vi br IFBASE- response, and generate an alarmif the

bubbl e si ze exceeds a predeterm ne size threshold,

with the alarmindicating that one or nore flow
15chafmaetviira®iy flowhaver e)iigedethia I adtthe bubisid size sensor (50)

nmeasur enent tol erance. 15. The vi brat ori/) fl ow neter
mepswde dbulblaieppeuse tgia Hbrasenwiiepe er yloze bukblgpin thgdhow material.

measuri ng a bubble response to a vibration of one or

nmore bubbles in the flow material. 16. The vibratory

16f | owhe®iatokyl A8 @btet ( BION0F¢lai U whthehO BRBBIE sBleZBnsor (50)

sensor (50) vibrating the flow materl al and
vitgatyepdadhont mateid and sghbsaqixitlyl recasesipgadeibble response to the
vibrating. 17. The vibratory flow neter (100) of claim
vibIatingyi t h t he bubbl e si ze sensor (50) acoustically
vibrating the flow material and subsequently neasuring
a bubbl e response to the vibrating.
17.  The vibratory flow meter (100) of claim 14, with the bubble size sensor (50)

acoustically vibrating the flow material and subsequently measuring a bubble response

to the vibrating.

18.  The vibratory flow meter (100) of claim 14, with the bubble size sensor (50)

being separate and independent from the flow meter assembly (10).

19.  The vibratory flow meter (100) of claim 14, with the bubble size sensor (50)
being formed as part of the flow meter assembly (10).

20.  The vibratory flow meter (100) of claim 14, with the bubble size sensor (50)

comprising at least one pickoff sensor (105) of the flow meter assembly (10).
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18. The vibratory flow neter (100) of claim14, wth
t he bubbl e size sensor (50) being separate and
w0 pepenoent fromthe flow nmeter assenbly (10)PCLBS2001€69737
vibratory flow neter (100) of claim 14, with the
bubbl e si ze sensor (5 ei.ng.formed. a art. of the )
21} onnRe iR oR: ?@Wﬁte( %0? 05GP wt@rcﬁef%ﬁynmgaw ety size
co e L T M B SRR B o bR flow
mdidrink met er assenbly (10).21. The vibratory flow neter
(100) of claim14, with determ ning the bubble size
conprising determi ning the bubble size of a
sub ntiallyq ar l-ein the .fl ri -
223 SRR ohAERE (PRI Syt BTGl v e
furétedr @bMipis g dof@ninipiltee Bue fizb bif @le MBI ithOflow material that
determ ning the bubbl e size of the bubbles in the flow
arenattoee iagireddienminedsiabdvestwlgr edet er mi ned si ze
threshol d. 23. The vibratory flow nmeter (100) of claim
14, with generating the alarmfurther conprising
239enghatifigiody PeRbhetes | ZR) QYL R 1424t @ eMRE AOANMrm further
flow neter (100) of claim14, with generating the
compasimgfgenttagng e dwpbiesizegowgputer at i ng a change fl ow
conditions indication if the bubble size exceeds the
predeterm ned size threshold. 25. The vibratory flow
24ITEt &) Q&&Q&oﬁho&) Atk £ho ‘Mf%%irtn"i% Qe enS}a‘aﬁ% “R0AGSm further
(20) Belng rther co |&ure to determne thie one or
comprising|generatiag acheangesilow ohditiogs aldidagiaatif theedubble size exceeds the
vi brational response and the bubble size. 26. The
pragietarainndysizq @Wsﬁélder (100) of claim25, with
determining the one or nore flow characteristics
further conprising determning the one or nore flow
25chamag tvirbky EswusibRg (B0) e aklimt e withahahic@dalectronics (20) being
response and the bubble size only if the bubble size
furghar eenBgurke to detdanmertheene et mera Howshatagierdtics wsimgatloast the
.of .correcting fo trained gas in a flow material in
v1b£at\1/?r}§ﬁ 5?8899%3[”(%{1%5?@1? ¥fie met hod conpri si ng:
determining a bubble size of bubbles in the flow
material using at |east a vibrational neasurenent of
261 he The svbramwtre fload mege (YA oif o 251, fvitht deteraliningsh®oseor more
B B8 G ety s B D g on B oo e

usin.g B AbLAR ibrational response and the bubble size only if the bubble size exceeds

the predetermined size threshold.

27. A method of correcting for entrained gas in a flow material in a vibratory flow
meter, the method comprising:
determining a bubble size of bubbles in the flow material using at least a
vibrational measurement of the flow material;
generating a vibrational response by vibrating a flow tube assembly; and
determining one or more flow characteristics using at least the vibrational

response and the bubble size.
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response and the bubble size.28. The nethod of claim

27, with determ ning the bubble size conprising
waeleqosnaidod ng t he bubbl e size of a substanti al | RCT/HS2PET 069737

bubble in t he flom1naterial 29. The nethod of claim

nﬁwp EOCL%f 5? Rﬁﬁ&%ﬁ%ﬁv@@%@& Sl%qqsoranrbw%s
deﬂeﬂn Iﬂe ;3%[ s‘?%é 5’1} T%Lﬁﬁ{anﬁ V& bRk glq ﬂ{eeﬂmv '?I?ﬂerlal
od o C 7,

S|zet res 'ar m furt her
conprising generating an alarmif the bubbl e size
exceeds a predetermned size threshold, with the alarm

291 ndil@stneihod pheland7 oneh deterpining thebubkie siee Birhst pemprising
degﬁn&%&%ﬁq‘%lﬁe ger 8&%&% g%;‘%?ﬂn Hlt%ﬁ‘gor‘%v gr{é?n%ral gﬁ’art] GIARe a

pradRaemMddngzeathbdshblde size output. 32. The net hod of

claim 27, further conprising generating a change flow
condltlons indication if the bubbl e size exceeds the

re h hol d. 33. The nethod of clai
305745 ethEF OF i a4 e v-bip i Abfaiag FEa(Rp ik B Bubble
s1z€ %%’é'e'd§ laNGeHRL TR 4RO tHrB& o RN ViR e B nf In@Wating that the one or
characteristics using at |east the vibrational

mare $lponcsmrametistice hbvbin cecdddze predbterminetl mecdsutslent solemnce.
exceeds the predeterm ned size threshold. 34. A nethod
of correcting for entrained gas in a flow material in

e P T e

rmterl al using at least a vibrational neasurenent of
he flow materi al ; 9ener ating a vibrational response
32by e rr%ﬁth%m%clmr@@/ xﬁﬂb@e@s@e%slyg generafenged Ahangsdlomeonditions

1n(ﬁ%at1rr%rl?% u\g)’gf h{f}%ea )%/cee%ﬁ'iss I eacf teréqgg%({]slg&hr tc}il%[d al
generating an alarmif the bubbl e si ze exceeds a
predeterm ned size threshold, with the alarm

33i ndilbamiathod helainh @7 owish detenmmang thewlaw ahar@cteri'stm fusther
have. exceeded aﬂger edet erm nfe nFasu

COMBIIRING (CEPTREING I RS HIROE IR & ?ﬁa%tﬁﬂs‘i}\‘ist%l%%té?arﬁt Fheng

it o ARt 12 (FOBRELIS DA AR ANAL Bl Lhg RUBRL s 26
of a substanti al y argest bubble int | ow

pradeteemiadd. sidb6thréBheldoret hod of claim 34, with determ ning
t he bubbl e size further conprising determning the

bubbl e size of the bubbles in the flow material that

348r'€ A%%Ml%d%f%%ﬁggﬁr% for fiafild %a§ fr £8881 Haterial in a vibratory flow

meter, the method comprising:

determining a bubble size of bubbles in the flow material using at least a
vibrational measurement of the flow material;

generating a vibrational response by vibrating a flow tube assembly and
determining one or more flow characteristics of the flow material using at
least the vibrational response; and

generating an alarm if the bubble size exceeds a predetermined size threshold,
with the alarm indicating that the one or more flow characteristics have

exceeded a predetermined measurement tolerance.
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37. The nethod of claim34, with generating the alarm

further conprising generating a bubble size output.
w@008/Th0set hod of claim 34, with generating tPEI/HB20TN69737

further conprising generating a change flow conditions

i ndicatio f _the | e size.exceeds e. ..

prei1 %ﬂ?éaf ‘“sl?li% gﬁﬁsie&mrs@gﬁ*ﬁﬂ@ HEYCYURPEFIAE m
r .

o3RS T 3 TS0 P M

response and the bubbl e size. 40. The rret hod of claim
W th determ ni n? the one or. nore
h¥

36c h arTZﬁlé tneﬁith@d peelamyptnwith detepmining éled:étb@}erﬁlm fgthepeompesing
det%%girﬁgrﬁg the a \ﬁ’bfeh %eagiI {RE 'b?}f){)]%g‘ 1nb§1b quv@hlate“ariﬁ Elfatt IaFef aﬁoafg a

response an e sl ze on
prddebhencdl 42 BXGae/S the predeterm ned size thr eshol d.

37.  The method of claim 34, with generating the alarm further comprising generating

a bubble size output.

38.  The method of claim 34, with generating the alarm further comprising generating

a change flow conditions indication if the bubble size exceeds the predetermined size

threshold.

39.  The method of claim 34, further comprising determining the one or more flow

characteristics using at least the vibrational response and the bubble size.

40.  The method of claim 39, with determining the one or more flow characteristics
further comprising determining the one or more flow characteristics using at least the
vibrational response and the bubble size only if the bubble size exceeds the

predetermined size threshold.
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