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VI BRATORY FLOW METER AND METHOD FOR CORRECTI NG FOR AN
ENTRAI NED PHASE I N A TWO PHASE FLOW OF A FLOW MATERI AL
w®aekgsesend of the Invention 1. Field of the |PUPOB200T068187

The present invention relates to a vibratory flow

$ M%Tﬁl%%ﬁ@ﬁ? ?\gﬁ%E%e?\&;a Vb Hop bk QorrECTING FOR
Aﬁl% eW@B@AF enent Waﬁﬁéﬁsmrq \fa(girrlﬁ |erf W MATERIAL

conduit sensors, such as Cor| olis mass flow rreters and
vi brating densitoneters, ically operate by

det ecti ng noti on ofB%kﬁr%‘i phth gatient hat cont ai ns
a flowng material. Properties associated with the
material in the conduit, such as mass flow, density

1. @edtdrend Ivenrician be determ ned by processing
nmeasur enent signals received fromnotion transducers

ass dbie presantuny pntidreretaderdioi a vibmteryldy atctearmndodebodfand more

th br at [-fil t
patiiatbiols by BT B hish et B H AR TR ot ifimined phase
mglg\%?,%gerﬂéz\;,locf% Mwhﬁ@erpdq)nt ai ning conduit and the

mat e contained therein. A typical Coriolis nass

flow meter includes one or nore conduits that are
connect ed bnllne in a pipeline or other transport

2. s%@?’é’ﬁ’f”a‘ffd %gFRféWrmterl al, e.g., flui ds slurries,
em I\ﬁbr%'ﬁﬁ% m@ﬁ&’uﬁ Rﬁnsbﬂsk&ch' Ay (%J}ﬁ)fﬁ)fﬁ%sg HowH iy Beré: ?15‘(99 btratlng

bé vi a se ura

deﬁ@iﬁﬂfﬁﬁetel‘s Nghledilp gFéﬁa %Xaémd:tﬁlg ®Bbtiph ef @@i‘tﬁ‘aﬂﬁ% conduit that contains
torsional, radia coupl ed nodes. In a typical

a flogring masf,erwés Propestiesasseciniedayith thgpnateraaliip ﬁhe %pmi@ﬁdwh as mass
flo dexcl t!} B AR he RS \{Ieb AL | oor(l:emades U t signals
nadEp Tl A LR v RS B EH R PrOCoR e eBeR e
receBRAULSm inSotTRASMIs@ e afRette \ﬁi@l@ﬁfé%oﬁhﬁfﬂg ThB&ibration modes of
conduit. Excitation is typically provided by an
theacibradingrmaterig- filleths ystoae germarelthanei afteictedei the copbatedasas,

oice Ggoj |-t river erturbs the co in a
stiffet oni domali SegELicp b e AP R condib Fel hoaeny
colBERHthgint i e delay or phase differences between

notions at the transducer |ocations. Two such
traﬂs@mu&ﬁ@oﬁohspumkﬂb%mﬁansbmhkwabeebypkmab@yhnmtthue
oyed in order  to neasure a vibrational response of

CO]@IFF‘@'[ igline shapipelipe of RETITRRSPOF Y stgRand convey material, e.g., fluids,

slurries, emulsions, and the like, in the system. Each conduit may be viewed as having 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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typically | ocated at positions upstream and downstream
of the actuator. The two pickoffsensors are connected

W@ 2008118682% oni ¢ i nstrunentation by cabling, SucPCEES1¥97/068187
two i ndependent pairs of wires. The instrunmentation

recei ves Si s fromthe two |ckff Senso
SCIEPBCES §8§n€tc%‘é1a °§lq WSW@@F atign g@ CARlNg, s H%é%snl?ﬁ ove
indcbEUdHE Bt EFEites, ThOM(TERRARBR Felhd cldhaRCfro L, FRS Bickofr
serfsboyvind fobecsacsethe isignahiialordaerto detise & hows feternt ©amurement.

potentially be used is in the netering of oil and gas
wel [Flow mﬁéerﬁ pEdRet topedorn Ngss flewciate wepyFgraents for a wide variety

of % qtﬂgwgsén 2% in Wr}ﬁkﬁl %' {) g]lg lﬁgwoﬂllgteps ca\%lg}dterrﬁﬁﬁlgabe%%ed is in the

udi g Ot Ret componen ncl

meftéﬁngec)ﬂfadlphlﬁl gzﬁ;ﬂﬁél@i B ptﬂﬂucﬂdf shéh Weﬂb tanh egapiiabd Sultiphase
that the resulting nmetering be as accurate as

ﬂommﬂ@mg thevahor gas, bu&:&lsmmdumgélef t@wponeddy; iilading water and

f hi I
o G BBl A S e S 3 Pl PR36 B e o
acaﬁat@ta§&$0£élylledéve%rfof Ldﬂh%ultﬁﬁhéédﬂ&gs entrained gas
(emul sions), the accuracy of the neter can be

Si gﬂ]ohod:l&mdtgrs o¢igr hghchccliacy forssisglophase Jows. udowover, when a
entrained solids (slurries). Epfrained ajr. i s .comobn
Copiogs BB IBTAL0 AT arﬂra&d] e Pr u!ciswrﬂ%luémgeeng@med gas
- - ot Qi
(PR, RS BRI PRATE AUPHOL ST sty

trub dop@rtatinidesolidbeslexieent of the decrease in performance
is not only related to how nuch total gas is present,

but Eafrgmed ginif éowhoprqsw as b bled Lmtheg%w putitsiads Tiha size of
the! l? ef{ | M V-Ie;he dn%bgﬁ rh bl toF r pr tﬁe reggl}%g Ip%ﬁ}/e flow

neas e S|gn |can

maftdri] darﬁliet‘h@ lﬂ@hpéfﬂturé:| Vhélettesdmhé B&ré@s‘éqh b%rff)frﬁéﬁcteh@not only
noti on of the gas bubbles with respect to the liquid

relatsd 4o hewuhuchototal lges 18 fresanit,drit efsotth ¢ha ubeof thhendisldanl gas
tion ofthe as bu th ct to th i quid
by P @ ) “IRES 50 8 Mertapbles defR RES bodack Orchd fithSrement
for e eldaifi CAN S EScL WP BErESist i 'd%@olfp n&h@lLﬁHrdfe@(‘}Lﬁ)éﬁﬁQQ%ults from

t he |an ence of gravity. However, in-a vib
that mbgon bf thegak babbles alithraspeantoothe tliqald/zuw msu]m of thebabration of the
t hat cayuses the bubgl es to nove and not

tubge clicarative Masiondgf 406 £3s bubbdesxih resaceidn §1ée kiqyjd s driven by a
buéﬁ%b ?661‘256 tﬂﬁeﬁ‘ esa%ﬁlbﬁbf [oaﬁq'e%rc@ﬁft c§ﬁ§e?: 'Bgllogleg I?(ﬁﬂsé {Bethla ISgH{chG under

es are accelerate
thedinfl@etideqst @svitheHbwbeeraicel deatiganbe, Thig thel b&ﬂeﬁﬁatﬁchﬂ&f the

nove faster and further than the flow tube and the
viteing @bﬁélaat@ﬁuwa teubdderstognoynd najitee aescipsatiomefrgravity.
Begelél%wﬁ G %1%03@ resm(t)s thte l’ellggeler-gpliorsl n%osre tsggngqg %lilasn t%fe litgﬁ? bubbles, the
bubbles are accelerated in the same direction as the tube acceleration. The bubbles thus
move faster and further than the flow tube and the bubble motion causes some of the
fluid to move more slowly than the flow tube. This is the basis of the decoupling
problem. As a result, the fluid that has the lower vibrational amplitude undergoes less
Coriolis acceleration and imparts less Coriolis force on the flow tube than it would in
the absence of bubbles. This results in the flow rate and density characteristics being

under-reported (negative flow and density errors) when entrained air is present.
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problem As a result, the fluid that has the | ower
vi brational anplitude undergoes less Coriolis

waewsiasai i on and inparts | ess Coriolis force PEI/UB®07/068187
flow tube than it would in the absence of bubbl es.

This results in the flaw. ate and dens
chaPdtties PEres H{@ﬁ?@l TRt %‘if&PPg hbéﬁtca%t)#alwes
ho®R¢ed %Sslgﬁlﬁ P AFd@ESare WASH h@ﬁ\tléﬁﬂgﬁﬁ %eahci}]nfi.z Pntdgr the acceleration of

preséent I es present a problem si
thedeibratiplitolge, thehdaveer paseclef melaitess emn tholiguidr Thﬁsh&uses some of
solid particles are often heavier than the liq

theJigiad te H@Vﬁél&fr hagy the yilypting, @ibg; Eﬂhﬁtr?smét ifs i thet h@uld is over-
rep%%& éﬁfimﬁx‘% ho‘%/ ed%ﬁ gy .]3 r%))%vtﬂgﬁ] 851@1%1 I}%%w%r kﬁllljlltﬁe liquid are

caus sone

proéeit. ahibdeh §446€ thd. Bﬁreﬁﬁédﬁ{)ﬁasb?s dlfféﬁenilbllembﬂl&@lisdiri\&n by the
overreported (p05| tive flow and density errors

whe
dlfﬁfaﬂmqeclne?@nhéab@twem Heerentiagneldi phaselard @egiquaknkf the cprbpltehmblhty
of Gk syl BRPRES RBCSfuTiabnsrhe Bralla e tnt Behavior of
boﬁf@ﬂﬂ%ﬁﬂé@cﬁlpﬂﬁﬁ%ﬂﬂ@s t Qﬁbtlrédﬂl‘ﬁg(ﬂhe birdiR&d ﬁl?ii'@'a@l%sﬁhbﬁblﬁqttﬂe liquid

of gasses is neglected, then the sane equations can
demsydzives masore hentdre fdr@masas andmrfegdttutefnmrﬂterrafomdhds r The

and partl cles.. Subtracting the entrai ned phas SI ty
deqquphing 106 s IUrden i SHBRIYiNegagTsy e‘%orﬁg@.rﬁwe the R ecpiing Wil be

o GERSEEN L AFIALLNE DHISEES, uggl S, The decoup i

or this reason the

t er Oodgrasyingfor ﬂhid deta;eupls@gjhasm&mhﬁng&ai@ba/us%@herb atdseveral
emul sions and slurries. Corrpensat| ng for fluid
facders dlags| etﬁgmm@shcnfémucauther pebhles perausd neppracetogthe fluid. Fluid

ral ¢l ht det er m. ne _hgw h u
iV RS T O e A TR Bt G RIS gy
effOBW Py ﬁoE@fPIn%"lacd in the YIeld/and BEleURow bitbtresiebbl es (or

particles) are effectively frozen in place in the

f | uiAdoghred 1 filuenice ofi [bohbkermelilityels the bubbdg sizhe The dfdgiema bubble is
on bubbl e nobi he bubbl e size. The
PRI (S HASgRaES Mshap herEas ‘ilﬂls%élaw&f,fercgrl%aromﬁgql@ﬂgo the
; .
voluhe. PHQYERte, V%vgmrr%ll? ;bﬁlglﬁgﬁﬁéx}e htd9a 8 dbglragcgﬁ%ago and tend to

Therefore, ver | es ha
mdyeoyidnthe fiidti Snadicbubbied subserquvmlwetdse timallfermord. C@medriely, large

RS TR e o o
by SRR 01 08 SO PIE L Bl

and Thadsesisndilfferedice BeSvechhie daidsiddthdighd Braoeer baitoveerhe
the fluid and the ﬁas is another factor. The buoyant

bupysng éorce ipprepertionahigl the diffarenagi infdepehcletivaer thesfluig and the gas.
A REDFRE g shb hin BRI Py NER ooty P RE RSB Bt aRand
red¥€ the decoupling effect. In addition, large bubbles occupy more volume, leading to
true fluctuations in the density of the flow material. Due to the compressibility of a gas,
the bubbles can change in gas quantity and yet not necessarily change in size.
Conversely, if the pressure changes, the bubble size can correspondingly change,
expanding as the pressure drops or shrinking as the pressure increases. This can also
cause variations in the natural or resonant frequency of the flow meter and thus

variations in the actual two-phase density.
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reduce the decoupling effect. In addition, |arge
bubbl es occupy nore volune, |leading to true

WO Laostis@ses ons in the density of the flow nat erPEl/USIDOE068187
to the conpressibility of a gas, the bubbles can

change i as.quantity apd yet not nec arily change...

in ?3%@4“ e 9B 150 Fﬁé@y B ey Pa%élﬁﬁﬁga@é,vyam@e niobility.
ThEABLRIEE s AR RA0 LR PARPLRAY 1E QP SRR Ao smalle
oned)clsasédscing lecoupling atren  Satdiseantarédaice dessurfact fension of bubbles

natural or resonant frequency of the flow neter . and
ang Heeressgrtheif fadsngntorgealoges. uMpIvensapireseasa dHBbleyizsdhimgh

- d f hsQ. t -

8 505 RSB0 RS ShC R SRR By g o

togdthgrdh@ﬁg@&@&im@e;f&@@bl es and particles into smaller
ones, thus reducing decoupling error. Surfactants

r ed dberetigmagnsraf masd 10 dhgsird foraf vibratirlyddova nebterdbatedesests
hei r..t enden t o coal esce., Valves. can_decrease bubbl| e
PG, S PR St N SEG A | EACGY PRy A hoed 1 the art
for®] %%Moﬁﬁﬂbw Redt&ARst &ﬂ%hﬁaﬁél? Ehch¥urk 910w Aehri&Mtics in the
toget her through centrifugal Torce. There remains a
praseect ofrentheedrsecdak-plaasveinitatads.y Thérowemeins i rickdtin the art for a
.detects probl g{;&t ic levels of enttlrlpai ned second-phase
vitaiogy flapsmeteh Bk careingiely MRasHIe How KBargeicripliss a varying levels

of¥'tjPe[iﬁ‘&?£éé_o£{1-$‘ﬂa§&%§{eﬁiﬁﬂ?‘t can accurately measure 7low
C eris

arac ifcs 1 n the presence of entrained

second- phase mat eri SusnmabheoLthedi®ientio” need in the
art for a vibratory flow neter that can accurately
nmeaduyiBratorfles arcien for rerre@igdor gaeyiragiged phasedn gftwo-phase flow

rained. second-phase terials, r f.the.
of f MR RES R AR B iPE RS e TRl th R oo BHR of £ inkBfion. The
Vit BRI BRASEMPASR o NG PASEashéaMlydhclad inloVdrivedr @hd &ith the
is provided according to an enbodi nent of the

viliratpenflowrmetThbeing isoatigurgd to gonanast ervibahpnalgespoasé faywhe flow

met er _assenb i,ncl udi n driver. and with the
e adOF y ISR HEePCEERHEE SR PG otetch  feliarist goupled to the
flo¥) RERE 'a%ﬁlblw %@%@Rfﬁlﬁ fhehﬁ'@raﬁbﬁ’é’l’ rB®JoRld. @ he HR&r electronics is

vibratory flow neter rther conprises neter

coefigatd ongasraeapheduted tivoepakodemetyerf ths sresrphysediudy using the
.receiying the vibrational response. The neter )

Vl@ﬁf&ﬁax 5itPeRsc, detegpieghie %%m%teg SHE RoWCchbeiggsgpyned by a driver

of I R ag8eR0Ghb Y. Ad E%g%laeé@d' @éﬁ@fﬁﬁ Jﬁ@ﬁhpé&?é@ Q%F&(f)}\?tlesing a liquid

vi brational Trespohse, erm ne e C
deawest leqid compenerdf e By alphaseflow, ahleatrbined pieiedensity of an

assenbly, and cal culate a density conpensation factor
enfgaingg camporgiit.dhe measured two-phase density, and the computed drive power.
A method of correcting for an entrained phase in a two-phase flow of a flow
material in a vibratory flow meter is provided according to an embodiment of the
invention. The method comprises generating a measured two-phase density of the two-
phase flow, determining a computed drive power being consumed by a driver of the
vibratory flow meter, and calculating a density compensation factor using a liquid

density of a liquid component of the two-phase flow, an entrained phase density of an

entrained component, the measured two-phase density, and the computed drive power.
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density of a liquid conmponent of the two-phase flow,
an entrai ned phase density of an entrained conponent,

w0 b@stremeur ed t wo- phase density, and the conmpuP@rUS200Va58187
pomer A nethod of correcting for an entrained phase

h se flow of a flow erial in ato
f | o% Wﬁ%ﬁ §OHF6%%1§6 aB@EHP@FEZ’h?%’ B t&??o@%ﬁ %é A flow
matal 1Y & th)?y HREmBRE 'fb 09Ri ﬁ%lr\%ecﬁ %E%h; 1rﬁent of the
neasur e ase densi t ase
invéatien.nThe l’tg:tl@o(tm'mptﬁﬁd gdne:ra&ng) @\nm“asdile'd m@oqmasmdmmtpy)f ghe two-
driver of the vibpratory flow neter, and cal cul ati ng

p %F@H@Waﬁ%ﬁ%@ﬁgéh‘? ermpaet grivaPngr heing gontrarhiy wrl@ﬁr of the
Vlb?% bgﬂ Q, Iﬁgtgg og:uiat gnai &glstﬁ%mgo&ga%s%tloﬁ ?Q{X‘t?r%rél Ml 1 Oc%nsny of

denstt r nponen
a HqMH aseheRe B ihetwoditsé Aewe aMphtrfidedphate deaymy of°an entrained
net hod of correcting for an entrai ned phase in a
Commnmatbe nfigaguved ftwa-rhiapsvdensiter drngd thie womputddrcmmgmdrowd adding

thd Feps ﬁ¥ BT SR Fea el uf et dRhy Fablfes

COItnp@n AsRb ¥kn Sy, the ﬂl%@ﬁﬁ!ﬁh&lc‘é é)rfi% @étgl‘rﬁ‘l'nﬂ% a Predicted
conputed drive pomer bei ng consune driver o

drivbpowiebusibgthe liduodvdemediey theoamltiairedtihage demm;vr @if the entrained
conpensati on factoy usi li.quid density of a li

CO@BW&%{;‘%\? Cempﬁﬂ@tﬁt‘{;\k\f" Opﬂg%sé %PP%‘W agd aWﬁ Fh@&“ﬁﬁ%&‘éﬁtﬂe

Vlb?%f‘% Eé\évg];l d%ﬂ Slﬂti]é frf'%'t ?dfuﬁtﬁ&p% r Tt p‘% b gccuraca/ of flow

measigien@ntshf tﬂenﬁirzttyry:ﬂm engait baed ba @tdiffelteﬁcé bewrea sy mddicted
t wo- phase density to provide a conpensated two-phase

drigie pewvey valyp andricrrommmuiied diaye E@wr i ses deternining a

predicted drive power, usin density, the
entrai ned phase densﬁtsyea?%{h eléhveﬁglf)ﬁed conponent,

t he 1€ eAP &dpeat GTtht WibrRdas Hodanstef, ¥he AlRebrRlRAVWAICcs are configured to

characteristic of the vibratory flow meter. The metho
mufltiply edriveovgitaige &y adbiveravicreinhin endemtoodeteroyinthefdoowputed drive

neasurenents of the vibratory flow neter based on a
POYFF-f er ence between the predicted drive power val ue and

t he |

e e P PRl P bt et SERbAERale”
coefigatd enimtittipdy @ pickelft gusedvdltagmblyta grivwe @urcbint ireordot toadpeermine

by a drive current in order to determ ne the conputed
thQﬁqn%énﬁ%@%Yep@We%nother aspect of the vibratory flow

it ?IIE zft;elhgtﬂpéf %E%efcfl)?&l%rv‘?&‘agoﬁy ?1;9% ﬁ%&fr' A GGt dlectronics are

sensor a drive curr
in order to determ ne

configured to solve equation P, ., =K x [([ X Epp)x [

2
5 ] — (I, x Et)] in order to
PO

determine the computed drive power, where K is a proportionality constant, I, is a
measured drive current, I is a zero volume fraction drive current, Epq is a pickoff
voltage, and E; is a pickoff target voltage.

In yet another aspect of the vibratory flow meter, calculating the density

C1
compensation factor comprises solving equation [p L~ Puu ] XC2UP,,piea) s With (p;)
1 pe

being the liquid density, with ( p,, ) being the indicated density, with ( p,) being the
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the conputed drive power. In yet another aspect of the
vibratory flow neter, the neter electronics are

W@moﬁ/llgismd to solve equation Pco d =K ¢ ( | dPXI/ESTQ7/968187
X - O X ) in order to PO determ ne the conputed

dr.i power, .wher ropqQrti onal constant, |d
en‘ir%}lng‘?ﬁi E%f%l ™M lgb&)‘;wwegrﬁem g‘el CI@“%P“i\léi %UYFO]PW and with the

fraction drive current, EPO is a pickaqoff voltage, and
Clpand; G2 gf:rms@lesmrrg@@eteﬁmm%@etqrrﬁpy@ﬁ%ﬁa%tmtﬁ aspect

Of thlﬂg dtn%ﬁ?etr?tga% c[ BPWe%rﬁ{d %I\xxcffle?e'i' tﬂg rﬁe!ﬂgr quc?anﬁéé arc further

Tor conprised SOl Ving equat
COlbﬁglﬁ‘.d tdadd ihe ldieﬁs@%tﬁhﬁ%saﬁ%ﬂ Pactfde to ltl’(e ﬂlemlrétgtv&chphase density to
i ndi cated density, p e ) being theentrained
prophigese C@l@ﬁgmsta%d tworpha(wd@lwpm ed ) being the conputed
dri

or e erERiRtes B! Bl ?éwswsﬁfstﬁe P eeaf g further

coRBRREY tPhdd e déhftPERhyershOWn MR to tHBARK&T two-phase density to
el ectronics are further configured to add the density

praodpe neap emmatdddwtoephase demetyrdestmind at wodiptedskrivibgrosier yising the
. to proyvide a ca ated t.wo-phase densit
lioyRfonety: atﬁia BRFAIBEd hse B ﬁ@cqmmswéé% e sy, and a
po%ﬁeﬁafr&’&éﬁélca&ﬁhé YISty ﬁ&&}fﬂl&eﬂf afld td@teﬁgﬂ}]te{ﬁea gﬁ&%yto‘f flow
conpensation factor to the neasured ase density
measurpmeviste the cibngrensadwdndteobpbdse adhffsnehye beteteen thayeredicted
a predicted drive power u5|ng the liquid density, the
drigpppyrhedlupRRd thermnuigd divepeSefpensat ed two- phase
den I f Vv .
b o\%& %t’ an%ﬂijer s 015) g&“@f th%hﬁ?ér%goaﬁ gg}% frngte? Wf[tﬁ]?? O@VQ{e?tef% ¥onics
measur emsnt S of the vibratory f ng et ea) based on a

beitigffighemoafigetadee sohvieehpeqditione d—dr—#E- poviere ya),uiés thad
the conputed drive povver In yet @nothe aspect of the
vibratory flow neter, the neter electronics bein
comperyatsd onphiage deesite t%‘?%l 3 %ﬂ%@a&eﬂdﬁ up, EReqn fog e two-
ph&s@eﬂ npensat ed two- phase density, to obtain a
conpensated volune fraction for the twophase flow. In

yet lapeddietheaameet odfhetvilsrawird fiompter, ddterfihig, the accuracy
determ ning the accuracy further conprises generating

furglyer gbaprisenghnesatingran #lamh mdientipn i Edegompaitgsoduere power differs

frogﬂ Ihfe predlcted drive power by more than a predetermined tolerance.

In yet another aspect of the vibratory flow meter, determining the accuracy
further comprises generating an alarm indication if the computed drive power is greater
than the predicted drive power by more than a predetermined upper threshold, indicating
an excessive entrained phase level and further indicating a needed change in flow
conditions in the vibratory flow meter.

In yet another aspect of the vibratory flow meter, determining the accuracy
further comprises generating an alarm indication if the computed drive power is greater
than the predicted drive power by more than a predetermined upper threshold, indicating
an excessive gas bubble size and further indicating a needed change in flow conditions
in the vibratory flow meter.

In yet another aspect of the vibratory flow meter, determining the accuracy
further comprises generating an alarm indication if the computed drive power is greater

6
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fromthe predicted drive power by nore than a

predeterm ned tol erance. In yet another aspect of the
waormsaseey fl ow neter, determ ning the accuracRCT/USINEN68187

conpri ses generating an alarmindication if the
tharcljl?[FE ggeﬁ&ed &%d(ﬁ h%§e oy\ygrr lf}lhaw%it a%gg@%gg%ggd Eél%glrtﬁrteggold, indicating
o g S b O Y AR R Rl o8 Efange in low
conditiong inaths vibratoheflgiwvhnetenry fl ow nmeter. In yet anot her

aspect of the vibratory flow neter, determ.njing the

acc it ¥eianother panect shieivdatoye floparietes, datera)ining the accuracy

indi cat i ' C Lve .pawer | e
SRR, LR SRR P L PSR GRS rcatr
tha#RRE brddidtes BAY € powBtlhE Bordithadn R¥EREeShMEd OpFertbiRbhad.

size and further indicating a needed change in flow

condii yetomothen aspast of theationatory iflow metesrdet¢rminisig theaeduegcy

BRSPS LRI iSRS Rt v

polvREisadds B iHe PrB@icCaRHEGRWE by nHeWRin 4 fradeRahflcdNeRer
the predicted drive power by nbre than a predeterm ned

thraghpdd ot Hitks bahplyted ddive abiveg isagrearchas ithepedidtat drive power by
ent rai ned phase | evel and f]zirt her indicating a needed

Mok Hde? PiRdsteaWned HaPeT tBFsheld- t he vibratory flow neter.
I n I - ' Y, -
dor ST e SRRHAE R R OChe Vibrpliy ol RRiicl it HEBiponsatcd two
phaye dehsityrcomprictredicing tHehRneioyrporhpéehsdtiby €@ an @mount
greater than the predicted drive power by nore than a
prqpogidenad kg deferopsiseiet vperedis sompufad driste paverad thepredetermined
of the vibratory flow neter, determ ning the accuracy
IOW?frt%ﬂeg?Olgbnpri ses refining the conpensated two-phase

densh ¥t dnbotidn @ssREBEhRd ibkatore fRABktdr Sddt@BsinfnldaRe h&t@®racy
predi cted drive power by nore than a predeterm ned

furtherepmphisess¢aohphrong the pradected dpue pdwdr fovbe gompntedglrive power,
reater than.the predicted dri .power by nore than a )
el i AR IS Bi i R Emptied PO BE g el By bredicted
: i i i h ed
oo g ) Rt B 4 A LSRN S Rt

compomeansiatvosphdsa denyitylyy @dueingtind d@rsap @otipensdtiondagtor by an

di fference between_ the conputed drive power and th
ameuBHRBPToRaLLo Ldierense Sshvrca. the ﬁowweﬁﬁwﬁ@f)wgg a%fifhe

pre‘?ifetetrl!?ﬁle\ﬂi 1B53F Br¥sHol P tﬁ'@&&ﬁput@& tdﬁR,EipBlVQQjSHQ& fhativd H{e%:ericted

drive power by more than a predetermined lower threshold.

In one aspect of the method, determining the computed drive power comprises
multiplying a drive voltage by a drive current.

In another aspect of the method, determining the computed drive power
comprises multiplying a pickoff sensor voltage by a drive current.

In yet another aspect of the method, determining the computed drive power

2
comprises solving equation P, ., = KX [([ s XE L 5)x [E : ] —(1, x E,)] , where K is a

PO

proportionality constant, I, is a measured drive current, I, is a zero volume fraction drive
current, Epg 18 a pickoff voltage, and E; is a pickoff target voltage.
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further conprises conparing the predicted drive power
to the conputed drive power, generating an alarm

WO p@BaaiseoHN i f the conputed drive power i s greRCEUSI0NHMIE187
t he predicted drive power by nore than a predeterm ned

upp t hreshol d, refi sat ed
ibﬁ%\@élo SpRept Bgthﬁéa?}ﬁmﬂgcai%iat ng? QWS&‘(Xrﬁ?éTH%e&??t&ﬁl factor
factor by an annunthrgfo ti onal to a dlfference
: : 1 A and efy%g :
coBrARSRRITE paRTRA ft he- porpUt ea arty D8 B EHRE BeNRfhid
than the predicted drive power by nnre than a

depvigdetitdr(mp Nedeingwes indivaeshddndity | WitR 0, aspebéin@fhd &@nputed drive

comp: iel

nmet hod, detern1n|ng the conputed drive power conprises

poWWet, tybieH YbhNBeidgdhd ¥araifdd feRe A¥ndtyd bhd & itths €Ntand! A2 terms
anot her ‘aspect of the method, determ ning the conputed

cofhpiivieg pRyditera iR eRs-spiditit pblysmgs a pickoff sensor
voltage by a drive current. In yet another aspect of

t he Inrgetro@theg esrackphihegnethed, dbﬁ?rm@lﬂélﬂ @lrﬁherecqmm&es addlng the

PLSES sol vin ation Pcome
defPERE iR prgtagihe FHEah @R EG RS Ep ovharo By o
co&@@ﬁ&ﬁ&ﬁnwd- ds8 dangiBasured drive current, 10 is a zero
volunme fraction drive current, EPO is a pickoff

vol fayet, anatiter Bspdcs ofitheinoétbbd, tharr@ehod/fmlrtﬂlagmmnrigestadding the
anot her as of the nethod,, cal uI atl t he de sity

de Ry RO, %Hmf%e&oa rﬁa?a}sgaﬁ'éi tgv&r ‘attpcmow e x
lglgegéégéﬁp E: ldgﬁﬁﬁ/t, hg:ﬁé‘g‘fé %ed)ict@@ tfde !)‘\%Il 1115%'% the liquid

nsity, W |nd|cate den

dendityhthe datlfaqutmﬁ@b aeris&ynmacbﬁlpeﬂmd eb-phidseclepsiveand a power
with (.p e )being the entrained phase density, and

Ch%a@qsrlﬁtl*ret)@he AMraiopy ﬂéWn@e'@brﬁ@ﬂ. d@tﬁﬁ@llﬁﬂg geresineeal flow
md3gd I‘Eﬁlgﬁ% Cftﬂé Cthﬁé)ta%% ?ﬁet&nbéégcti off qocflﬁgtrgngg B?Iﬁ/teeg fthet &%dicted

Y hey conprises a

drldspswteyvﬂ@aaﬁ@&ﬁatddﬂﬁpdt@@&@ve powthe measur ed t wo- phase
density to provide a conpensated two-phase density.

yet lapiotdmethcasgprast obthetrhethadttho methddefuntbeheampiises Iseh'lng the
conprises adding the density conpensation factor to

eqﬁ%%ﬁlgﬁf;ug;di ﬂbmhg ?ﬁgﬁﬂsﬂpé xoﬁg%r%%%\ﬂint?ﬁ gﬁhase derasngf to obtain a

drive power using the liquid density, the entrained
coRpasRtcdiengiing fracien ¢athe asaphesd iwwphase density, and

2 p?r‘f% another aspect of the method, determining the accuracy further comprises
generating an alarm indication if the computed drive power differs from the predicted
drive power by more than a predetermined tolerance.

In yet another aspect of the method, determining the accuracy further comprises
generating an alarm indication if the computed drive power is greater than the predicted
drive power by more than a predetermined upper threshold, indicating an excessive
entrained phase level and further indicating a needed change in flow conditions in the
vibratory flow meter.

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

generating an alarm indication if the computed drive power is greater than the predicted

drive power by more than a predetermined upper threshold, indicating an excessive gas
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characteristic of the vibratory flow neter, and

determ ning an accuracy of flow neasurenents of the
wapsasesey fl ow neter based on a di fference bebP@EESR0DTE68187

predi cted drive power value and the conputed drive

ower. | et anot her aspect. of the pethod,. .the nethqd
bu WFtS}?@ra“géﬁ’ﬁt“?rle 1C80p&/f ﬁgecfeﬁec?léa%m @EW cpudifigps in the V?bratory
flo gpsat ed two-phase density, to obtain a conpensated
volume fraction for the two-phase flow In yet another
as péc yetafothee asmichofithedaéthody detergniting thegsstney fhrthéh@imprises
conprises generating an alarmindication if the )
gerapig syalgrmyedipyigy if e ¢upruted grive Rewpr bdireateigthan theepredicted
. I r n [ rm t rance.. Y, .
g oY DR e R L R S Ph PR R h iRy ive
enfraihbd S61i CHHRE 1SR afE ALTIRE iBcAMgal deded BEpatih 13w donditions in
the conputed drive power is greater than the predicted
thedyibxagonydiesy nigyernor e t han a predet er mi ned upper

threshol d, .indicati an excessive entrai ned S .
| ova SO ERGE PRtk G SEeued hhange PR e gomprises
ge&&ﬁ]ﬁiﬂ% hiPBrh MndiB&ioH BH IXptb@WiTBbSWer Abr¥Rér BRR S redicted
aspect of the nethod, determning the accuracy further
drige ppwics bp ngea draata prgdetormainad mpperdheaholdn i f t he

conputed drive power is eater than the predicte )
dr i VRYpIReFhes SRt & {6 4 gtémgrﬁfeaf‘é%mﬁg R ERSY further compriscs

0 s X . .
rof R DAL R B B BRI SoRRTR MR SR iSRG than the
prddicttd drive boatoby nfor@wanet gedetémmiyed l@natthesheldpe ¢t thefcomputed
the nethod, determ ni ng_ the accuracy further conprises
drigje pewat jsrgjeaer Gpa the predictest droe pawary meiegherd perdetesmined
ower is..greater than the predicted drive power by
up r‘ﬁﬁretshczlﬂ. a predeterm ned upper threshold, indicating

an exg¢essionerathdcabNed mahbd bhame th@&’&h%)@ﬁgteﬁltﬁv‘btkﬁfase density

i ndi cati ng a needed change in flow conditions in the

comphisestrodycing dw damsigy compenysationdatirdry ais paountgfropérgional to a

o R S P AR BBl B retot
o SRRt DA RS 05O o compries

compatine thegs pédictedalriviclp@wee td tat, cotlgtuee drdmvarpow tre garoaratigryn alarm

AT A AR s AT

more than a predetermined upper threshold, and refining the compensated two-phase

density by reducing the density compensation factor by an amount proportional to a
difference between the computed drive power and the predetermined lower threshold if
the computed drive power is less than the predicted drive power by more than a
predetermined lower threshold.
Description of the Drawings

FIG. 1 shows a vibratory flow meter for correcting for an entrained phase in a
two-phase flow of a flow material according to an embodiment of the invention.

FIG. 2 shows the meter electronics of the vibratory flow meter according to an

embodiment of the invention.
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predi cted drive power by nore than a predeterm ned

| ower threshold or if the conputed drive power is
wWQ@e@atais23 han the predicted drive power by norBCT/HS2902068187

predet erm ned upper threshold. In yet another aspect

of thqd, refiping the. conpensated two-phase :
den -E‘?yﬁm pivebat p bttty foRgoderiE re%ﬁafé%gai pB#pe in a two-
ph%%tcﬂc% oPY % ﬁl%%yﬁi gﬂf Q%QéftHagﬂ@\kf Iﬁ&gla%%bfcflﬁégfe‘&?embodlglent of

ween the conputed drive wer an e pr term ne
thd inwedtidor eshol d. I n yet anot her aspect of the nethod,
determ ning _the accuracy further conprises conparin

g.
t he FiPetiiscd Bawakargaf paigdiod Hr cpeceBigpior ag carpiped pbyssrin a two-
' n i ndi ion if d drj -
phEG b L R Rl RSl ads e R Gl ppbSitiment of
tha®kentidhan a predeterm ned upper threshold, and
refining the conpensated two-phase density by reducing
t he Flensist / greohédsiat powet aersey gdsyvadwmaigghen that has been
roporitional to.a.difference. between the conputed
defgpplpgd sspeitmanany £ el OFig D TrSrand SRS RuIES ¢fyvolume
frabfignconput ed drive power is |less than the predicted
drive power by nore than a predeterm ned | ower
t hr €8Gob ¢ a Papb shpwingthetotmpetelrdavierpgsveF bl the mhdetedadrive

vibratory fl ow ter for. correcting for an entrai ned
POWﬁ%&%rs‘il%%ﬁ Vpﬁanﬁgﬁag%or* @%@%ﬁ ghtraingd ghaseat eri al accor di ng

to e ' t ' '

ot SGETROLLERA or Rl St Y AL Bwerraid i€ ppdiRa e power
singit:zab HIG G éxecpithentbodompiter diivt pewienkahoivdmsBelag Bsd than the

a flowhart of a method for correcting for an
proghigteddrigePpelse in a twophase flow of a flow materi al

in a vibratory f{ow er accordj o _an enbodi ment
of the i nventi on#eqla—'lll‘gbﬁsﬁrép%oq ?%ﬁ%f@rvfn@?na nmet hod
f or Fe@QKI £Gtandghé ﬁmoaﬂng Abdcriphid deprs Spdcifi @etaiba®aeach those
flow of a flow material in a vibratory flow neter
skidled an theragt how smmakbedd nenthedfest ed¢ afemetinomtior] Eor the murpose
ction that

o BB e R BB By G LS L
oS TEA S A 3y TR 51 05 s
withiie thecsticeple df theenvention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

FIG. 1 shows a vibratory flow meter 5 for correcting for an entrained phase in a
two-phase flow of a flow material according to an embodiment of the invention. The
entrained phase can comprise an entrained gas. The entrained phase can comprise an
entrained solid. The discussion below centers on entrained gas. However, the
discussion applies also to entrained solids.

The vibratory flow meter 5 comprises a flow meter assembly 10 and meter
electronics 20. The meter electronics 20 is connected to the meter assembly 10 via leads

100 and is configured to provide measurements of one or more of a density, mass flow

rate, volume flow rate, totalized mass flow, temperature, and other information over a
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power versus the volunme fraction of the entrained

phase. FIG 7 is a graph of the conputed drive power
wW@eestibs2pr edi cted drive power simlar to Fl G BCEKS®PT/068187

that the conputer drive power is shown as being | ess

copEURR B FonitEhed b5 BPRRA! (rBosoT A Fighe aR thit the present
' A : T |

im{GHAGH cB bO MRy (RS CooIRASR 1o REhBRES of IS fimber of
driotrst piekiatvemnkonflow@ontiiies, puthrogeraing madhofigibration. In addition,
. inventive principles, sone conventional aspects have .

it shenld by ieppgrizedthar the yikratogy flomowetes Rjgan afeimatiyely captprise a

W | reciate variations fromthese exanpl es that
Vlkﬁﬂgﬁoky ?\ng]fsﬁtlgﬁle tr'e scope of the invention. Those skilled

i N tiae fRfE métdr las@pible e Das@uddial pdinef flaaied16$ ade301' hrdifolds
bel ow can be conbined in various ways to formnultiple

10y and 402'oadriver t0de piokvedisemsors QS and E&Yyland ftave conduits 103A and

bpvention i ot Jim.ted.to the eciflg exanpl es
108 dReiBeb EpDRa bsitepy By A0S RS 1S aftieiierd to the flow
coffdfllisvidzanst 1RES 1 shows a vibratory flow neter 5 for
correcting for an entrai ned phase in a two-phase flow

of dhblflangerat @ramal 1GHC ewradfingd toothamanfoddli HPrindof0X.hEhe
o HBGgadS SR AL e HuaPTE 48 Ene TP LU aFhe spacer 106
matithin@IRe a%ﬁlg &mé@l?th‘é'ﬁ&iﬁﬁ%sofb?ﬁ{cﬂ%f SRS tPSkevent pipeline

entrai ned gas. However, the di scussion applies al'so P

foreed framtedngs ehhgsitted e floiviuoationy 103 Vvhde08B. WeanieifResmeter
a flow neter assenbly 10 and neter el ectronics 20. The )
assetbdy 1@ ieidserénd & poipeling orisbewd) whiahtrarnigstthe flow material being

ass 0 vial and | nf i, qu to ov4 de
oS kg oG Y PN LI 1O Rk e 101,
padsal throg theBnlet Manifaldel 02t WhakitketbtaTassounk 8Mlow material is

tenperature, and other information over acommuni cation

dirpeted teentet thedtoyu bondvets 403 Aramdt 1 038, flovsahrkighteaiflpw dohduits
rt t th resent. i nventi on e used in type
103h g D3B! MG RGE Bt OYER i ioid Tod v S L s ahg ek

QrAbreh 8 thiBl ek aRf ngers, flow conduits, or the
asopergtléng n%de ofa I bration. In addition, it should be

r ec dhniflosdcdridaits 1 B38AWNAr QBB are ktlovtedaheé nppropanately mounted to the

o eSS e SOTRA S B B ST T T

e G oreh O B B B S e

W-amdand W'--W' respectively. The flow conduits 103A and 103B extend outwardly

from the manifolds 102 and 102’ in an essentially parallel fashion.

The flow conduits 103A and 103B are driven by the driver 104 in opposite
directions about the respective bending axes W and W' and at what is termed the first
out of phase bending mode of the vibratory flow meter 5. The driver 104 may comprise
one of many well known arrangements, such as a magnet mounted to the flow conduit
103A and an opposing coil mounted to flow conduit 103B. An alternating current is
passed through the opposing coil to cause both conduits to oscillate. A suitable drive

signal is applied by the meter electronics 20 to the driver 104 via the lead 110.

11



10

15

20

25

30

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

105' are connected to the fl ow conduits 103A and 103B.
wab@sfib@epes 101 and 101" are affixed to the nkeii/Ds10d0%5068187

102 and 102'. The nanifolds 102 and 102' can be

af fi ed to osi.te ends. of a spacer 106. Th ace ,
106 ThEHRtSh gcefqaﬂéc we%ﬁ%ﬁﬂgl@%omﬁ et el 111
I
re Y ThORl el Bnh SO TRbARERE G sIEHaP B (5B (o yhich
causee tHd driverg0é o asBabltlye flOwiconidniser@3dand 031, ffhe ehdtere
(not, shown) which carries the flow material_ bejn

clegiasigs 86 PTQQﬁ’éS@ﬁItWeﬁta%@rm%}t velpcky signgls ff<|>ra\xh¢rﬁxcl§r0ff sensors 105
ant?%ﬁ? r{R 0¥de%$ %{)}Jﬂﬁﬁ%& \,\sﬁh% #\ﬁ ?29(?03[21% cQf %?r?tf‘rﬁéat#oﬁ %Hg56 E)Poqzldes an

ere
inpfidhed bdbutphit HeaRE AL all OvEHeahetbNEebtrEic£TM whmt&fa%@ $Ath an
and 103B, flows through the flow conduits 103A and
OpaBBH &N thhetbir ¢lactoomie eysmmﬁs eTh¢rdeﬂcflptldn 06P1G. isgrrevided merely

os SRER B o S0/ GAHOHD S RGeS Bt A TRt to imit the

tea@Hﬁ@qurth }:)l%gé/ntwtﬂgg to the inlet manifold 102 and to
he outlet manifold 102" so as to have substantially

t he That®wmstr disirhlp l]f)lmmnfrgmmltwgamfaratmambrat,lormm desponse for
}éast i ¢ nodul es aboult t he bendi ng axes -W ang1
they \5@&%@% yhepgier ¢lagireumuel ¢ ROQXC A4 PiRyS fetVél?fatlonal

o BTy OB e R o o s il 7 i
incundingd @quﬂﬁs@lﬂbwe MHytwioRshadé fleer cahOdcliude oppaised gas (1nclud1ng
di rections about the respective bendi ng axes W and

entawae@ﬁlrwaﬁcntraande&wéa EF h@ thrat@fy Bow metebﬁ a%@orﬁ“@umdn@ correct
forrﬂ% nt?aln&ggas b(f ?Ngm u&% a‘ble an g aE ﬁ &4 104uren¥ents

rise arT

de@nﬂ%&ﬁ@ @ﬁtrilﬁé@f)l@éiet On %6@6 Ehfb‘d’dﬁl@éiﬁé“tﬁe ﬂsfé?e‘l\ e@d&@oﬁf&s 20 can receive
opposi ng coil nounted to flow conduit 103B. An

ané prasesrathic vgbretionad mesposs sy del torpcoengte arhalaoppiosi ergrained phase
coil . tq cause both wtstoosHIate itabl e

teif i e ok tor STy a0 ShbCadhe et angL i shimie ol Toge FIG. 4

and AR A Em};liﬁ dYscﬁsstl |'[%qllélrilrp eﬂl‘ﬁdﬁﬁieee[n é%éc@é-‘stl\;eoéﬂt&%ned phase
20 recel es sensor nal's on t [ eads 111 and

leveé sPee dliavelcyn 1ﬁrd1eataan exc@ble’eﬂaubhllecsmezalthasdﬁdfesbmble s1ze
drive signal .on the |le Wllo V\:hICh causes t he drlver

cxeQgds A Prefietarmingdesizgdre %e Ob 8ty elumeg I ey erpgndiggte an

p e
exé\}%%%é. ?{/tftg %1%‘ })IC sc‘q,lr Ve {11%8 S[%%%} T ca!ne[flére%}g fﬁ)dgg%% ahat the one or

sensors

mok@ Flow MeNud@nerito heanpideedal mﬂeﬁehﬁiMeﬂ&h@sufEh&nt tolerance. In
comuni cation path 26 provi des an
some embodiments, the meter electronics 20 can refine the correction if the resulting

flow measurement(s) are insufficiently accurate.

One common problem in generating the one or more flow measurements arises
when there is entrained air (or any gas) in the flow material. The entrained air can be
present as bubbles of varying size. When the bubbles are relatively small, they have
negligible effect on the flow measurements. However, as the bubble size increases, the
flow measurement error also increases.

The meter electronics 20 according to the some embodiments of the invention

generates an improved flow measurement. The flow measurement is improved in the
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I nput and an output nmeans that allows the neter

el ectronics 20 to interface with an operator or with
w@eleni@kEct roni ¢ systens. The description of FTASD0T/668187

provided nerely as an exanple of the operation of a

Coriolis flow er and is not intended to limt the .
P“tsé%%?rﬁfjr?@ eélﬁfaﬁfl’?ge Pé??%% o e’ﬁ‘laFeéﬁi- ?ﬁ%ﬂPWg}W%{e@eﬂt 1s improved
. . . o V .
n BE3RERk: JEol BRI BN BRUFER AU TAY bl Blycronc i
imgfbvedin tregeesacantlapencsssd tdigl withe fbivomnaterink spares@mipie, the

order to generate one or nore flow neasurenents of a )
MefTRIPTHEANEGS; 24) Can; geariaéR Hyinaprovied gensity measwemeag for a flow material.

Th e't&hé"}écngn'i WEAN e{c{&?t'io%%ﬁ BRSTid Qﬁ‘%;y%%%eé | Bt dion and/or
entrained al rs) oFent ral ned 'sof rds e vibratory 10w

othER F1Rky @utd Seférnents 08 tHeofl @ niR&iall Als 4 REulenhé /IbAQLrIBASW meter
and solids to produce reliable and accurate flow -

5 capgsmpeire Atvsbraesp densitomstesandir addorpiisdtow meterokether additional
enbodi nents, the nmeter el ectronigcs 20 can recei,ve .and

Ao, BeeuESHES §ih PaErumeied pBE pisR LR nRE s dfafgusErRhgn and

cladfisal armif an entrai ned phase level in the flow neter
assenbly 10 exceeds a predeterm ned | evel threshold
( seén Bh&Gembodinaent,itbe HovtuheanPB Agndi K3issinopr)se sTihetantially U-
al agrm can indicate gr excessi ve ﬁntr i ned phag}gﬁeve .

shapge fiavakhese ansavT cattemah Vel cishveephasiments; S flasyfupes can

. o p . .
cofiPrite sy WEahE o RS, HofeRer DR PLIAS daT R bo used, and

areewtRiBShy ecqperdfithd estripo®and Olairds.vol unme. The al arm can
therefore indicate that the one or nore flow

nelaglhp L @eqﬁw@&nﬁw@@@qﬁi@@ﬁmﬁﬁnmeﬁ&gmwm
™ et .
bS58, ol CRELE PRLTE: bR B P o pEriE merer

clodBasiE ST & redites rOSfiAG CiRMidnal JighAIK Fodn (HIH clESTIBERors 105
probl emin generating the one or nore flow

andrg 85U r Breenbmtianalsagnadhermpher &vibsatemal reispeteaif thg Gowtubes

n in.the flow material. The entr.ai ned air can
1058 %oR D4R, " Beign ReToticy 4 piasgrer T8 ViR gspoie and
det%ﬁﬁﬁle@%h@&&héﬁ%l?fg' &L YnS8&lehnenishey have negligible

fect on the W neasur enents. However, as the
bubbl@. 3slz@vs thermeaseslectrdracd 2uf tie ashmeme fitoweme @t Sacsording to
i ncreases. The neter electronics 20 accordi.n

an ¢pthedERgy ¢ Mhsninyergfon: hEhg mkenelcsRogishep ar Bds %m%gditrr?e%t includes
I f . r Nkl
o YD ORI o JSLh RTIERIRP b e
cofin@ii diioampiatd 26)T Mehef thexet Bl aBoHiETBM Furtier ingdi ddé@Cbroesk hg system
resence of entrained air bubbles in the flow
20§satT B¢ paicessTh SYStew 208 £81 cemppise pry manner of processing system,

including a general or specialized processor, circuitry, etc. The processing system 203

receives signals from the flow meter assembly 10 and processes the signals, such as a
vibrational response from the pickoff sensors 105 and 105°. The processing system 203
further can generate and transfer signals to the flow meter assembly 10, such as a drive
signal that powers the driver 104.

The meter electronics 20 can further include a storage system 204 that stores
information. The storage system 204 can be integral to or separate from the processing

system 203. The storage system 204 can store a vibrational response 211, a measured
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improved in the presence of an entrained solid in the
flow material. For exanple, the neter electronics 20

W@ 20080868eF at e an i nproved density measurenent POF/U82007/068187
flow material. The neter electronics 20 can

] d d f
v Gunire S F g EniBa (R rehmotisd Tis o214, a density
r
coﬁ?&&;alhgré f%d%érl %lr%tﬁl%ﬁé‘}pgnsﬂgd W/(P LRI % - @%&ﬁ‘édl?tl;eg‘%ﬁllve power

ensi tone er an
217/ amdl amednefainedphake delgitlyi20 8 aforfek amp e a3theeimtntnstvarcahée stored
. gﬁnerat ed and are within the scope of the description
in Bcterpgs mstem g0bnieckidiediaheestdisqurredrhela ubes 103A and

;gg\?ﬁg Q/%}flﬁgfal ?&E)%fn&nﬂ 1a<l:a 0%&2%%0 d{)}a?wiﬁét'l %?Ihon@é of the flow

erna

mdtrdkathsls 1¢)aﬂfma|t1§ﬁal%ﬁiﬂn§@ﬂ Bkhy cehpascgpitkoff signals that have
fl omt ubes. However, other shapes can al so be used, and

be@tr eroma&snd to obteinse ﬂpw ra¢astrenenés dh ythiramorsh desobasen%l 1 can
er el ect rﬁnl cs 2

COI?:SS’HF? r GRS A ?‘é{fleeaﬁﬂle’&?qng\kff}ﬂgglg%&r él?ﬁife fé gpnasylow rate
and h%ﬁiﬂl@ﬂowsfafée rﬁ&rﬂ@g rB¥(sh B BE | é%?ﬁ!’d akQshrt e WRIr&tional

el ectronics 20 further receives resulting vibrational
respogseel I cﬁrraamtterseorpdakosfﬁara;enalmes 105 and 105'. The

vi brational signals conprise_.a vibrati onaI response
! he The siwed twesoﬁaafh@ersﬁerg@ 12 eeepiseed dENBRPEASHEINSY Obtained

frog{n 81% S&oft EJth%é' R3O0 TR H&E'ﬁ%‘e&‘g\g ﬂ)‘ﬁtd?er ﬁrﬁﬁ?ﬂ%ﬁ?%ompnses

r nore ow neasur enents

a deh€iot momuesmeit offa tidephasdflatinythé Flow miefee bssenidy 00 didhgrated as
to an enbodi nent of the invention. The neter

is legnayvat Ighe @gt 70 4 resulii a5 therBp@UARMT enitisgdedddisinghe two-phase flow

terf o the | eads 100
indrBhEL AR Frsflited RE-pEAR RO YES Blcdrfos 1B e, 207
The mtrglmdedi&@hy 0B €8mpPiséid ki®in u&@dl@dﬁ&h@heﬁl@%ﬁﬁjoﬁem of the
system 203. The processi ng system 203 can conprise any

tworphase flob. ghedies] depsgy il éiepn comprisk agtosedyealae af castant, based
rocessor circuitry, etc. The processing

i alized
Onzﬁ%ﬁ%lﬁfif@@pp @i ves signals fromthe flow neter
ass@'ﬂ@'eﬁtr%@e@@ﬁas%rd%ﬁ 853 Loepal& éH&ﬂltg f’ﬂ%of th
a

vi bration sponse romt e pi cko sensor

ent%&ﬁed s%ﬁ? @hg&e&?lﬁ chY & tﬁE“t@Q?h W hb&" T%rbn%ﬂl%ﬁg)thgse density
w neter

and transfer signals to the fl assenbl
218 waincampasda stoecdsvajumadr ¢dmatanpdasedon the aitrawed cbﬁmoné'ﬂlte

met er el ectronjcs 20 can furt her include a storag g

syst B compuiadgriveinomes 214 comprises an electrical power needed by the
driver 104. The driver 104 may or may not receive all of the needed electrical power,
depending on the amount of entrained air. The computed drive power 214 can comprise
a calculated or measured value that is stored by the processing system 203. The
computed drive power 214 can comprise the drive current multiplied by the drive
voltage (i.e., the electrical current through the driver 104 multiplied by the electrical
voltage at the driver). Alternatively, where the voltage at the driver 104 is not measured
or otherwise known, the computed drive power 214 can comprise the drive current

multiplied by the pickoff voltage at one of the pickoff sensors. However, this approach

also has drawbacks, as the drive current is typically not unlimited and may not increase
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i nformati on. The storage system 204 can be integral to
or separate fromthe processing system 203. The
W(smmslagﬁzsystem 204 can store a vibrational reREDOSWOA068187
a neasuredtmo phase density 212, a liquid density

, a CO ed driv ower, 214 ensity
begig Xanghoualst ey dsrassied ganﬁwe%%e computed drive
[
i %%%%ﬁ%@é%éﬁé?%@%g“ SPRIRE (T BVIG.3 below)
I nf Ghoaliehaty @mnpdmeatsdrofaetbri2n 5 tchmpsisey agempyishton 2{dor that will
i ncl udi ng val ues di scussed bel ow. The vi brati onal

coOMPeFFsBC MMepsuied {WOHIFe é@lsaty\alarfat th@rﬁ'eﬁfethSésf@aﬁ@éramed phase,
suc%lz?s gnlrt]l%%eﬁmag rfo?%% FEE]IFy Pf‘oqxxev-lé gth¥ ﬁg{ @ah aﬁ%eoc?é?ﬁﬁy 2

coRpOERBSH (fadt@r 231@ @inrb ngeln@é"b’e Wmtgas Hfh)@ture The density
vi brational response 11 can consequently conprise a

cofnpenyarensanteniit acconats deli thg poesenesr Oﬁﬁml@lftﬂd gsdds densty
can be

colphafon Loy b it ying 6 s BLelRE Bdass 20, "8 an

be ghe %sﬁlf@ﬁsa%&p@&@f)ﬁasg AeHES, 2 T EMBARN AR nki ngﬂh@%?r the two-
density 212 conprises a density neasurenent aobtained
phésediow.hén pinok efbodierescs, $helﬁﬁn1m1ﬂat1:65\bvo phiase deagyur2éd comprises

t wo- phase density 212 conprjse nsi ty measur enent

thegneasur ot ARz ﬂyeawsi fl4 %nl?unsai t@? dgrsypomgpengation factor
generated as is known in the art. As a result, as the
amount of entrained air in the two-phase £l ow

I ncMhapesdicted drivepsweed] 1 vomphiasehderise pywedekpeeednede
| ess accurate. The liquid density 213 conprises a

absarbethbyi thestopypegpated éwwpaaseoﬂ%@m@ﬂ@rﬁn wrwémm@@mef

extrambnR SabBsis, (RRN N BR2 RESRATRM SRl " g prodiceed
dne@bbweﬂ,@m phapEsdensiveptid c@wﬁmw@@sﬁngﬂﬂi@wmpe@@ﬁéa tWo-phase
( pe) of the entrained second phase conponent of the

(hmmbﬁbﬁhse rom; The entralned phase density 218 can
rise ased on t

a ed v or co ant
oot Phprdatub it i@ 0@%%59@&%5@%&&%&%% 203
receRIER rtlh EdrAdnS ﬁ%%&ﬂse @'Mpgé’n‘%htékee?%gs&é!d hhe gﬁéé (fefnsny 212 from
104. t he

e driver may OfF may not receive
thm\e'brtei«bnell reganise.andponects fdetherettmgedphtieeinatbesst thefdensity (see

entrained air. The conputed drive power 214 can
Figanpriagd the BeAoginagy ig Srcuseia8lir ed val ue that is stored

by tF*f@ PiOL ﬁ8§lbﬁ]€g¥ %@f@ éf" ml‘?e%od %P %{)ﬁ%ﬂfﬁ% 1%)? Ialg gh%%m?ﬁ ﬁﬁ{lse ina

214 can co rrve curren
twlph¥& ﬂ@\lvtoﬁgfﬂc(w neiteridl vea eltealory flaly meter &tordifg @ @h embodiment

of thheeln\qél’ll‘[YO%r Irll cé‘freanU()l 1t !chpel \Ifl‘te)gto%ll ﬂtogvemeelteercr;lere:sgfaels a density of the two-
phase flow to obtain a measured two-phase density. As was previously discussed, the
measured two-phase density can have a varying degree of error, depending on the
entrained phase level, flow rate, and other parameters of the flow material.

In step 302, the computed drive power is determined. The computed drive power
is the electrical power that is needed by the driver of the vibratory flow meter in order to
vibrate the flow conduit(s). The computed drive power can be determined by

multiplying the drive current by the drive voltage in one embodiment. Alternatively, the

computed drive power can be determined by multiplying the drive current by a pickoff
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voltage at the driver). Alternatively, where the

voltage at the driver 104 is not neasured or otherw se
wohp@sn3esehe conputed drive power 214 can conprPGEHUS1907/068187

drive current nultiplied by the pickoff voltage at one

f the pickoff nsors. . Howeve this roach al so )
VOﬁ%&é RIPSAAHAERS OTHEC PHEOHr iRy Thepickog @5&9@ tﬂt@g@ FRjt comprise
on P A R BRVE RB 282 SR XA ARG & RpleAHF ot
measupd oe dedrmined poweibratody Clan ineteealioartat thd packodi @indgr voltage is

to other values (see step 302 of FIG 3 below). The
megaiped epd kpABnsat i on factor 215 conprises a

co n ' 0 g ) nsate. 1

o RSt dfls bRFb Lol e o't BRTRETERRIL T ARBRHE o e
squt@ s etheSHbAtiaR afiplitaleN ethcd@dre, wdien EXARREE antiIM@UEK doubled the

the gas can vary and the density conpensation factor

powesregaired onpeeak dieetatgst vibmgtiquas ampliguls isixadinpled Thimfortunately,
density c ensation factor 215 accpunts for the
the R PO 87 aae LS CUrFTE STy e e e gfver supply
and 8 @iy et %5&}/3[% ABESari 19 e MR Y IH3Gcb 8MEIeTeI0df Bl @kREEin order to
gas. The conpensated two-phase density 216 conprises a
prapenlyidrivevth¢ tiewf @amdtiti@) tespphalsewhbovarge entsaned phase levels exist in
enbodi nents, the conpensated two-phase density .21
theciyrfplrase ovheT htair e 9%9%9?@@ PRVICE faqomp %ﬁgﬁ dgwer
. 1 : ‘
nolcl bt 18 gHSRCI RGNS 08 hE LY cofdite] intead o the power
begpeatgted by be @bor edsdyuchitg tho dpieasabededd@opy@seer than is
density with an average bubble size or other expected
bemgsupplit amet ers, such as average viscosity, |iquid
densgi t tc.. The predicted driv r.,.217 conprises .
o an Py SopBhft IR ABMEE S e Rt AR A G BRI Eimpriscs
the PvdREGcdRNBII Wik thé MloRP&ImuitQ), dRd iPGeRdilale bR trical
one enbodi nent, the processing system 203 receives the
cunretfriairisofiadiente dporeoepRtedidriepmvertie salaulatesdsagcendling to the
t wo- phase density 212 fromthe vibrational response,
°qUfiPicorrects for the entrained phase in at |east the
density (see FIGS. 3-4, and.t he acchanyi ng

di scussi oy, flG, 3 |, &:f| owghart)[300 of a method fo
cor %&??dnglgérﬁ[‘énﬁgﬁzr@%e P %lsgt’? n a two-phase fl owh)

of a flow matlerial in a vibratory fl ow nmeter according

to an enbodi nent of the invention. In step 301, the

vi bVéhare yhd (Komerme isea propastioneditiacatstmit for tbé vitatory flow meter, the
(1 df&\é\g&gzssegpggg%vgé 398%?@1%%2@%‘% ?QS ﬁ{grenq ig )c/}\f%_(glhvaesc%rrdegp Folrtayx}olume
fraction of zero (such as a calibration current), the ( £,, ) is a measured pickoff voltage,
and the ( £,) term is a pickoff target voltage. The solution of equation (1) determines
the computed drive power due to the presence of the entrained phase.

The term (7, x E,,) 1s a power term that is proportional to the total consumed

drive power. Strictly speaking, the drive EMF voltage should be used to calculate drive
power instead of the pickoff voltage ( £,,). However, the drive EMF is difficult to

measure, while the easily measured pickoff voltage ( £,, ) 1s proportional to the drive

EMF. Therefore, the pickoff voltage ( £,, ) can be employed in the equation. This
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measur ed two-phase density can have a varying degree

of error, depending on the entrained phase |evel, flow
w0 2008/13@exl ot her paranmeters of the flow nmateriBCT/US2907/068187

step 302, the conputed drive power is determ ned. The

d dr| omer |s the el ectrical r that
ProFUgHR 8 ﬁ’lqlw WHIAZE N Fop ) FHLL .d&rvstcewn? Corrogprtiogal to the
order to vibrate the flo ndui t ( The conput ed
POYEf Q%C%%Wé fo ik, éled%?\@wyﬁvﬁﬁiﬁ% p}fifpff tapt ﬁ@lr?g%( Lq) pQrgesponds
curre

the d | t nb
to APPEH ﬂ%ﬁ Yli()g}t&p% atngfg}/tgq%%ﬂgegd %(l}p %&Q EB{%@?P& Eesbté)rmally regulated to

o BT T L BB e et s s
am?ﬁ?ud%'. GHREfin el ‘ibgbﬂl%b to?gﬁ’treﬁﬁéﬁ &ﬁlﬁgrﬂléﬁngﬁqﬁﬁgﬁl tlgg ed‘? however,

urrogate to thhe drive voltage, as the drive
apply langpidaaipling footesrnealsavibehtony ftettabods hedthan ofiew tHardaivergurrent
flow neter, whereas the pickoff sensor voltage is
linpisgerchied REPTR Hinmick q'%\xeﬁ@%e (%@ repshes it é’f’éjgﬁ’tr"@étag%(E) When
drive the f|OM/CondUIt% IS proportional to
thig heppeas dhe pr&oll yiiaee 6 & -ahis|lptsdben theiaiest wl@ge\%}wa%@e
target anplitude is doubled the power required to
Vl'%f%té‘?}hamﬁlém@ﬁﬁsg]@ﬁs PRpAtt8atal anplitude i s quadrupl ed.
Unfortunately, the dri e garrent (1d) will not exceed
[ f £an| a e
5 YT RARp,  Fon st s ed R upeaon
| evel of drive current |n order to properly drive the

vitrhtoo Sapdtide d8g to SepRBiealuénifeabhiharigeingint I‘nad)tﬁeldwﬁftﬁsﬁle power
| evel s exist in the two-phase flow Therefore,

calgvlapagt ia equati e 1;)@3/\@@ poaver drtprduddbe heedsdwe maﬁ@t@methe fyjbration
ib t.

i 8 v, S lholseh Hiik bR B Bl e thsyvibpagion

arfiiHRlis (CADBRAUGR] ¥, LNE dHd HEWoltRY: 136 deriPLRiOREr

IS being suppllé The conputed drive power

cal gk 3adeAGGe reauﬁs;bnt(q) thE §/ e@q%ﬁfﬁ Nk 16OARb DEE fibBon power
power needed to fully vibrate® the flow condui t(s),

redVRA th Urit/BehANG Inddibew Rh&@t dcedhd Sl €4 drSsolid) present. This
Insufficient. The conputed drive power is calcul ated

teraccor@inmyisea ﬁahterseqa.lﬂctratmn pcm@nwmmee dit <nocessagy to Jubfrayt the zero-
ortiopality constant for

t he termjs . a
voithgedisy ‘%q:frqm S 195 BpWef REeausg He R Hﬂ\l roghisgs it or
no Mds¥ ?lo%“&?@rmE L{ah‘éngi)ot}lelte?&@c'oﬁphﬁ% tHE ine i é”ir{ g@&/erf Qe to the
a vol une ract on Oor zero (sucn as a ca ra
enttaine@phase. tThés E@As] isi mu@lm@pﬂrﬁdnailv@kloﬂlfe eviiridag o that phase.
The zero volume fraction power can be determined during calibration at the factory.
In step 303, a density compensation factor is calculated. The density

compensation factor can be calculated according to the equation:

C1
density compensation factor= [p L~ P ] XC2P,,, uea) (2)
pl pe

Where the ( p,,, ) term is the meter uncorrected (i.e., measured or indicated)

density, the ( p,) is the known liquid density, the ( P

computed

) term is the computed drive

power from equation (1). The uncorrected density ( p,,, ) is corrected by a function of
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and the (E) termis a pickoff target voltage. The

sol ution of equation (1) determ nes the conputed drive
wpoweni@ee to the presence of the entrai ned pheGEUSZNE068187

term( Id xEp0 ) is a power termthat is proportional

to the total consurred rive ovver Stri ctly speaki ng,

the 15}1 ogtrecteg V%iv':mé/ s'houllw, }#:E e b age %rgl'aérﬁejd phase density.

power
Hovvever the drlve E |s d| flcult to neasure, while

Thé t&@nﬁé‘l&b (@1 RRBUWS EaRibe efbmyRldt e 8 phfeRYlal flov meter type. For

proportional to the drive EMF. Therefore, the pickoff
ong Bowagete( Be, jhecanstortsenpt oypetimentulie deiguainedto be C1 = 0.66 and

2y 3B SoHRr Pl bhantbbd a0 g phtin vars
acdfb%&i% S8k eiﬂé’w\ﬁhéié 1§ett tlow ube(s). The pickoff

tar get tage ( résponds to a specified

Vi biTat Idems1am3jmpanﬂaatldraecgmtlon (Decatirievterived fiemt the thekey output

is normally requl ated to hold . the p| ckoff voltage at
panameters of é@mpb‘leg s pewer ARG Indieated/ Bieasuresh valygg fg%?é’@natlt should

b R AFAE LETRAHT RS ATR AP RRalpgy . e
kn?ﬁﬁ \}\%( t(PeE 9(? g %ﬂ? Hﬂ?or{e% qlﬁl%e Cei%h BT | Jth%gmf:asured two-phase

rrve current

deig@C Neste Beftof Betohgaicd &@ﬁquoﬁaittls?tE@ i low Eﬁ@@m@sng 8énsity can
target voltage (E ) Wien this happens, e pickoff

be appltoagéateége Zgrojwith Bl Qrmﬂqgmdattlang@@ompmsagen (4lsp note that

C%‘n % ration arrlﬁl S 1n aEanltstarget

“arhee H&Het‘ii‘&}ée%f? o QP?nCOIPPe RO G st st he dri ve
POWRH stePR 04 NBie IdBAYIGL é&ﬁpéﬂ@at@orﬂfa\ét& ﬁ@&érﬁ&nemadltﬂ e encdred two-
to the drive current reaching its limt. In other

phaverdisgsity bestppdet icatdentmotedini ancaopaisatod t§djphiase ddmsity ( o, )-
power that would be needed to maintain the vibration

Tharphipencheedatwd- p]sasb alegaty, meweaccutuelg refléutsthealsasity sf thottwo-

avaj | abl e. Wen t vibration anplitude is at its
phesgriy thanehe E‘E@S“*ES Averphage %Sttag d he gpmpersated tapuahase density

mlﬁrml;/[gset e e%%t:t 6teJ !ir{édeaqru&{ ﬂ8@/ &%}act&ﬁﬁc gne!asﬁﬁ%n”)en{se e

r act
compensated two phase dens1ty mlnlmlzes the effect of larger bubbles on flow

characteristic measurements.

FIG. 4 is a flowchart 400 of a method for correcting for an entrained phase in a
two-phase flow of a flow material in a vibratory flow meter according to an embodiment
of the invention. In step 401, the vibratory flow meter measures a density of the two-
phase flow to obtain a measured two-phase density, as previously discussed.

In step 402, the computed drive power is determined, as previously discussed.

In step 403, a density compensation factor is calculated, as previously discussed.

In step 404, the density compensation factor is combined with the measured two-
phase density of step 401 in order to obtain a compensated two-phase density, as
previously discussed.

In step 405, a predicted drive power is determined. The predicted drive power

uses the compensated two-phase density to generate a drive power prediction. The
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required to drive the flow neter w thout a second

phase (gas or solid) present. This termcan conprise a
wWo a@B0s6s2Tal i brati on power value. It i s necessBCHUSH07/068187

subtract the zerovoid- fraction pomer fromthe tota

hecause ui uces ver ittle or :
P“r%é ﬁ‘ié’éw? PBWFE cﬁf&?ﬁ%&?{j g¥ éioé‘?ﬂﬁ’i‘légtﬁ‘%ﬁiﬁ%?g%se density
r due to the entrai ned phase. This
an?%@?%@@%qﬁgﬁ?%ﬂbﬁp§eproport|onal with the error due to
t haty phasge* Theszerqcyplungd)k an, power can be 3
det er m{(negx du{?ﬁg cgl |8Jr ation E(C(yf he factory. In st ep( )
303, a density conpensation factor is Qu)gat d. The
dendVhgre coiytha satpomsataicgasrvobane fiactiad, uJ—a{—eﬂ”—:] Peomp 18 the
according to the equation: density co mBath.on X
C2(Pconputed ) (2) Wiere the ( puut 3 termis the
compersatadrieasitecndd 4. ) isethe ensaigd ebassrdenpidl-cat ed)
density, the (P1) is the known |iquid density, the
( PcEhgUD &k graph oidriye pRYCE beRpt &3 Wiime f@su@m thag Bag been
det%%%feh%rﬁgér}ﬁqentgpﬁ fgﬂ%ﬁftfp %IH% pda?ﬂ%leteYS efd%“ uvter%a rlrtrrgge of volume

correcte ncti uncorrec

frabfiged I THe, glgapm&ts(eq@aﬁloﬂ (53)taibﬁv@ NTh@pReH/dglaseéh can be used to
density he constants (d) and (C2) can be determ ned

deffigg a arqdacrtt:d duveipoveobasae ve rthft gQapersaionhat ha&)wqaéy éxeen

pefffiiga. - GHOENARS BEFord blalt el B P b Siver for
se&é@ﬂ%‘iz%"s QPdmhNat gdsRIbIR aGQRSE @FPe? 1iRANaNkaLY sARERK e Bf larger gas

to the flow meter size, type, etc. The density
bubldrpehsat boreayftiammi tha g(a@}l thanatper des bu)céudiesfneqwd: here drive power

ter output, paraneters of comput ed drlve ra
for; REIRAE 88 KRS TACBANy B e Ao Ao fhesgiabl 12 Cﬁ%ﬁa@f&mtlc

po&vlafl&utrvg Cath | 59 %Jé}?etrgﬁ%ﬁﬁéﬂmésttggrﬁlgeg E%r 4 B%ﬁtl@{ﬂltaf ﬁb@/e[ﬂeter model The

nponent order

chzirheteﬂﬁti‘cowreé tadby abadne derigc bippeditica raintvh @oweaaisn%ob gas volume
t wo- phase density. Note that if the entrained
fraé@%@ﬂéﬁprqu,lcg@éronh@@rprquod%gm :C@mppn@tle@rmcteys .can

d
R RRLRY SR RO BEF oty Bl My Rpal AR Blouen
e (553 SR BRUNONAARALEANC VL, SLER V3 (the x term

~the density conpensation factor is conbine
in thegzaplad Tthmmesaﬂ@d]sohlmecﬁacmoemas @Qmpmsc)ade}um@fractlon of

bt ai n a d tvvo hase d it co . _The
cithS R SHOL b Bhavst Horaiiy RofehaudBres I driadiged
the density of the twophase flo ihaﬂ ae nmeasur ed

volutie RhaRd (VEMS]L Y TmFﬁ@aﬁ@ﬂaa hagerefens tid/equation
mnim zes the effect of entrai nedparro,on fl ow

characteristic neasurenents. The ' ' '
(3) provides the predicted drive power (Y) using the density compensation factor in the

form of the compensated volume fraction. In addition, the predicted drive power is
derived using a power characteristic of the vibratory flow meter (i.e., the constants C3
through C6). The power characteristic can be stored in the meter electronics or can be
externally provided. The power characteristic may need to be independently derived for
each vibratory flow meter model.

Referring again to FIG. 4, in step 406 the predicted drive power is compared to
the computed drive power. This is done in order to determine an accuracy of the flow

measurements. If the computed drive power is within a predetermined tolerance of the
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conpensat ed two- phase density mnimzes the effect of

| arger bubbl es on flow characteristic neasurenents.
WO-2@@8/13682% a fl owchart 400 of a nethod for corPEDUBNG7/068187

for an entrained phase in a tws-phase flow of a flow

P GATERPOBET. G P d S0t TSHUTPRELE 65 BodelchRiped 1o be acceptably

acéﬂr!%atipﬁé(t {Heﬁ‘é(n%gf mﬁﬁ%ﬁHﬁ €2n Be ggﬁ%ﬂe){ of the

phase flow to obtain a neasur t wo- phase density,
as r:[he\comdnslbn offilssge ssmlned gasslmmbleﬂs(h&d aloes Gonpateasdffers from
drive power is determ ned, (@ﬁew ously discussed. In

deequphing Grorss bykdlse fipne @hﬁ‘é%@ﬁsil thaof decoupling] diisagandition is
calfed REG 4% a}?tﬂﬁle}/ dan Gy g?@s%it olﬂhéc' gBOHt of, b‘ilBSleg &® grlakl}a/ty If the

conmpens i § conbi he ht'he meas

bubbie @ﬁ@&@ld&ﬁ?&hﬁb’re@ﬁe& temedilid iNcanpiehble @ el fiill v@locity, then gas
conpensat ed two- phase density, as previously

slogissmdsisedmulatessn epy Aﬂownmrcbﬂemrtg ﬂ@lwduba/@gmﬂ@nd irgces through

det er The pr.edi cted e
ang G aiL AT Eine 0y BHESEEiodhsT bl FuR G 4B aiyifistbution rosults in
a nRAWRPreRERANGL ¢ RR-o1HNE RBEhE Iffle %été’rearﬂofﬁﬁher( réhyl&AR e%esswe
generated using the conpensated two-phase density and

tubeazordng o the dolwelvemdl-élamng Mew=ub€89gidnst A@)resuk eompensation
( )xé+(06) (EJ (3) Were x is th npensat ed
for ingnynder PS?P HonSCARAL PoHRHRSS L te ¢ laféﬂ%,tf: the tlapqnd

deﬂs1§e%r)or? ﬁl&(‘i ﬁ{%sg BodHiBRhRAS Be %%?ﬁ 'fteﬁ fof diffter 2n’ Oﬁlf_[ﬁlt warning or

power versus gas VO action

ﬁlﬂm cbﬁ@enmmﬁrm ned experi ment ally for multiple fluid
paraneters and over a range of volune fractions. The
gr apRr ?@le@@HSsOfé@%ﬁméH buBhleg ped BighvhBoyyratshy the dlew spymmetry

e e B RO R S BT BL B S B G
bug@aﬁ«fep rhiidyeIdédlyt ifs BuSHB weecaﬁl&tlaerﬁfﬁeacsto%lto GeRBHipeAsated
rive power for several sizes of smaller gas bubbles

diffgventlyhe upper lines are for several sizes of |arger

gas ,bubb can be seen fraom t.he h that |ar

s ApHIDBE SO e R G s (S For e gegand low
ﬂonptla@esfcraﬁ%éu@t"in p'ahlcqme@tlhﬁg iPRw §§‘(g s i @R dhder. gflﬁF’ Ratdaghon-

a characteristic power curve can be experimentally
repiteteatativeadlid ovlumefradtionuhahe frietan mbﬂlvmﬁﬂiﬁ]blng'rh&l flow and

char acterl stic cgrve can be used to derive |ct ed
deRfityErqsn it canpgt g campgRsaist ukkes AHERRICHY CoB 1l}gn a so needs to be

ldeglglggg g&z&* al AL R B O RpdENsSi ty conpensation

In step 407, if the computed drive power is within a predetermined tolerance
amount of the predicted drive power, then the compensated density measurement is
deemed to be accurate and compensation goes no further. Otherwise, the flow
measurements have become unacceptably inaccurate. Consequently, the method
proceeds to step 408.

In step 408, if the computed drive power exceeds the predicted drive power by
more than the predetermined upper threshold, then the method branches to step 409.
Otherwise, where the computed drive power is less than the predicted drive power by

more than the predetermined lower threshold, then the method branches to step 410.
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The predicted drive power (the Y termin the graph)
can be obtained through equation (3) by inserting a
W@ orvpassas ed vol ume fracti on (VFconpensat ed) vRCTIESI0DHE58187
X termin the graph) The conpensated vol une fraction
can rise raction of.either a ,gas phase
- ETGoh i %‘H’QE SRS EP RO ite oM AR pifaRdicipdedrive
0%@&9&@&1@ OM#EE (grf‘&it ﬂh@ré {¥qee §srés Q%g‘i‘é} bSthe gomputed drive
represente erefore, he equ on (3) ovl des
potvbeisphedinck édingr greetepthar Ithe( Peditse ddrivegovaanshi Heypredlcted drive
conpensation factor in the form of the conpensate
POYST LsriBe PPRet Tcgrired forawaminplgmirained Gnoble decedluit W@osﬁy and other

pal%%”\é&érts sﬁchd$ rﬂg\g (i{a #:'r % d%nﬁ%y\f%n%&ql%&?(? c]t0§ ﬁ]{%&/lsg Iaﬁtermlned

ow ne cons

for@@mml'hﬂulﬁqucur@ haraasdteik] Ihiug, i€ afe d%@nﬁit&f &fvd ﬁoxilé’tels different
net er el ectronics or can be externally provi ded. The

fropotherpredigicd sirveipomice, thalythﬁ:ect@mne@s@@d dﬁ@etwehff@mtfrqm the true

el of e b e iy ey 3 Rt R B BUe U o e BEsize and
lov} $i£0URAGHuR héle R Wpnd bkéﬁ@ct@&’%&/er i 58 prdRBemore

in ordéer to determne an accur acy of "t he
erroetsurtkareonhpenshfion fetaaopetesd Ctdmelrzﬁlqmds%weerspwwdn’rund density
predeterm ned tol erance of thepredicted dr.ive .
errph eHst %@Cwssﬁh%mm@ﬁ@wsgn et dissIpgies o bratieny ele%gﬁ uid

de@dhﬁ)ﬁgg ﬂgJeMu@e%‘%fégﬁiﬁﬁrr&f fﬁe%%%? %Ptv@éeﬁ 1&‘3&1 %%gJeP Bnd

nerate |on 0] ar ge en ral

compbtedemwanthia deoms fak @Whé@t @fﬁhéfafzﬁlfréqf oDiie c&emp@maurog In this
errors, but also froman error besides that of
eX@‘é@buﬁlemglpum driopiv e ip graaser dhan g predigied dyiveppyvgr by more

kB G ERE uppanl TR TRATHE) CHER TR L Aitefarcd

dehsit gctﬁéﬁé@félﬁérﬁs t4h bdeorsidéréll Mededgalcyeptitl nn:ﬂ:@ﬁra% 0W5hen this
accunul ates in any downward flow ng fl ow tube

occruafg,l azmraéaram carr be egzgetndoughiHany thapﬁmﬂow lcondlitign$ head tolisechanged,
i,0ns |sen@s\xmretré Ln t d| strlbutégn . .

sug Bi@l’flﬂg?f‘ N OE LSBT 9‘éf r\P&P%?H%e P 581 yoip the upper

thrEélﬁ)l@QB@EOIﬁPﬁ‘é shH6h @fcrtmg &]f%:é%é\lll? (r:]%m‘?&[eéq@éar@c? Fo&he HRBer decpogphng

danmping in downwar ow tube regions
codities.ul t, conpensation for decoupling under these

condltlons can ot. be expected to elimpate the fl ow

and é‘én%il&ayg@p ot éh ea?ﬂanmﬁaigrlz%aawli BN peritgd gve power

sm'ngﬁ% i Ged e;;@erp"r:ﬁ{a"t E}gé;](:c??l{ﬂl)]“gﬁi Hf(‘)i%re ﬁg\:élgll ig%g?fvn .y rb%ﬁ%;lesas r{cgan the

ensat i on bub

prdaihcgls-l@ drifé EWNEIat Elsis cbhdtibh exisasyharethe Wn®uheof feeres@sling is
because the small bubbles tend to be carried with the
les thgndfor Hiegronginalcangitions used to determine the predicted power. In this

example, the computed drive power is less than the predicted drive power by more than
a predetermined lower threshold (dashed line). Therefore, the compensated two-phase
density is not yet sufficiently accurate. Consequently, the compensation factor equation
can be refined to reflect the lower amount of decoupling. The modified compensation
factor produces a more accurate compensated two-phase density and causes the
computed drive power to more closely track the predicted drive power.

Referring again to FIG. 4, in step 409, if the computed drive power is greater

than the predicted drive power by more than the predetermined upper threshold, then an

21



10

15

buoyancy ratio). ldeally, this bubble type can be
identified so as to be conpensated differently. A

W@ R0oB113682% | ow asymmetry condition exists for sPCF/DEME7/068187
Large particles and low flow rates can result in
particles settling i I Qw spots in the neter, This

alagz jedicaihisaiPegith at 1o 2age MACAON SR DeRgReREH 1 Prdgrdo warm an
opEE%Io‘%rthat%Q@r%g 6 AR ar@Bd iRy #AdaBRRShENafd] QiSbe
that cannot be conpensat ed. I's asymmetry condition
gedrated e ectier towaen thdethiei flove theamdemenarhave decaee anitebialble. The
output. In step 407, if the conputed drive power is
alaintipdigatiorppandes esneraiedin et Envamgsdmxcedieratrained phase level,
sudll z?sdéx%gs%gve?sro'h\ég 8? 8)‘%%5&\/5 leri]d ggr?icfeost ee, e gltl ggce%igl% 'b@\gble size in
hreasurenent 1's de€ned t0 be accurate’and cofnpensatr on
thed@R6 ofan thtiAiRed gasOtTRRINMAtRR, tHeBarihh PIidHERE Whl BB BbBerAfMan order
become unacceptably inaccurate. Consequently, the
to prenisa ghengesddow gosdigiong 0Bor ¢xamplegha @@rmiifdicsfgon can prompt a

TR, S SIS B ST A LT SRR can e
stor QB oNPshs R ARCR RS e RIPMARR; sufch RS th SRS LS of)aﬁtor or

conmputed drive power is less than the predicted drive
techolwean Who omr ehanzarthd flewpmoeaedetoes.m ned | ower t hreshol d,

then the thod branches to step. 410.FIG, 6 is a.graph
show pgP ks IE 61?‘Fp%&r’él?}lt8‘$ e power IS§?&§ t{f%thﬁrpé%@eiee drive power.

rd r i
SRR AR Gl R he accuscy
and sc1BbaWN odishdod N an@ke@hehtd MaRohirenibRldnei® dhdicoMm@ensated two-

power. The Predicted drive power is the power required
phasgrdensity isartiaed pareseiging b densfycompangatipn fagioss [ yome

ngd. ot her, rameters such flow rate. The densit .
oS SRR e Bl bk R Bl fineli BT sldnogrionat t
a diffeteHcdbetivebe tHRAIAMRESRT Srivd poiser drfd thE BreaerittiRd 1dkeY tireshold.

power is different fromthe predicted drive power,
then the conpensated density differs fromthe true
density of the two-phase m xture. For instance,

condi tions such as |arge bubble size and | ow viscosity
consune nore power than the predicted power and al so
produce nore error than the conpensation factor
corrects. Correlation between power and density error
exi sts because the sane mechani smthat dissipates

vi bration energy, fluid decoupling, produces density
error. The difference between predicted power and
conput ed power thus serves as a check of the accuracy
of the conpensation. In this
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exanpl e, the conputed drive power is greater than the
predi cted drive power by nore than a predeterm ned
W@ ppen3dsks eshol d (dashed |ine). Consequently, PRPEEUS2007/068187
conpensat ed density neasurenents can be considered to
be .unacceptably inaccurate. Wien this occurs, an alarm
Whatds §lain¢q l§ger ed si gni fying that the flow condi ti ons
nee
L e ool o cp dicter (U6 DI oMt fp SE s PhRle i a ovo-phase
flowppte flowrmeatbahld cothpesiag afeovs ateitarasfachlon 1 @oinakidory caver (104)
be altered for the higher decoupl i.ng condition. FIG 7
and with the yHnatery flpw wefsh U0y baingwrengaysed toganerpte a vibrational

resgﬂﬁ‘éje' ot ﬁlde f%w é?at@r?é’l%rnd%@ér%r H‘i&)?lsﬁa%c%nggr %f&% Bhict @3 coupled to

e conput ed ower €i ng ess
thd flew R e éé%@fﬁb?ffﬂm}?arﬁpﬁ@éwm'@ﬂh% Vasradondl @8k poxies tasthMA8 Vibratory
the anmount of fluid decoupling is |ess than for the
ﬂomumﬁﬁmKNXBﬁ@unath@cuge@d&w determ ne the predlcted

dd
Pos s mafir blRetaREaIHD diin oo TBLS Setinlsr s FeRGied, fro-phase
predet er gASE AR Ewd D h%‘ﬂ’é\g uﬁi%%stﬂ@dlblrétﬂﬁlhl response, determine

Therefore, the conpensate t wo- phase density is not
yet suff ihe emputeddoue poeer iRedse uaerdriver (1(]49 of the flow meter
conpensat i on f act e tion n be refined tq refl ect
the | oweRSEHbAL1 03 fﬂﬂ@iﬂﬂ@tﬁ CRRECHBBF TGN foctor using a liquid
conpensa
corrpensaidérggqttvf lng ggﬁ §§%§ﬂ3§§§p@%%g qglggennamgdphww
drive pO‘dEﬂismy(bﬂﬁhrtetI@ir&ﬂQiomﬁohaﬁﬂ,( tHehaepuad t®¢oeplhec§é idessity, and
power. Referring ainto FIG 4, in step 409, if the
conput ed thr @Qﬂ&“ﬁ@ﬁgﬁV¢BO@¢%ater t han the predicted
drive power by nore than the predeterm ned upper
threshol d, then analarmindication is generated. The
2. al amme ivisthfory oW @aRr PRISReRAhEd with BB ddtert QedtBInicsaR0) being
operator that adverse flow conditions are occurrin
ﬂﬁ@raﬂ &r multindy ealrivervodiage by agleivecatrent inrorderde detepmiveer the
t hat Efe fl ow neasurenents have becone unreliable. The
computet, driygiPORYon can be generated in order to warn of
an excessive entrai ned phase | evel, such as excessive
solids or excessive solid particle size, or an
3. exca@ssiveatoupfioe m'etz:e(lOﬁ)) tolielatasle wath tha nener dectehiga@0) being

In addition, the rmindicati n be generated in
CO%TE%}EFQ tomyltiplpe Pé‘ﬂiq}%??@éoﬁ Yol ?aigs\(fwo(ﬁa\fq Gugreat inpeyider to determine
e §%ﬁ| m i ndi cati on can pronpt a change in
ﬂu?%b ﬁg%g§O$P§&?%ressure or other flow conditions.
The al arm condition can be stored and/or transferred
in some enbodi nents, such as transferred to an . .
4. ope&e aibratory ennneicahl O of € lpimclh avidhethe meeten dogtronics (20) being
condi ti ons.

2
E .
- ] (onE,)] in order to

PO

configured to solve equation P, ., =K x [([ X Epp)x [

determine the computed drive power, where K is a proportionality constant, I, is a
measured drive current, I is a zero volume fraction drive current, Epq is a pickoff

voltage, and E; is a pickoff target voltage.
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In step 410, if the conputed drive power is |less than
the predicted drive power, then the conpensated

wo vsph@dse density can be refined in order to PEPUS2007/068187
the accuracy and reliability of the flow neasurenents.

In nme enbodi_nent s, nsat e hase_ densi.t
is ff iviRzatoRy, flpwdtieteh @ﬂ“q%a @?nﬁaﬁ@ W@o‘}%@ﬁ%ﬁ thA density

fact or. In sone enbodi nents, the nsity ocorrpensau on

: g‘déb\qﬂggjr pdrt Penal :
CO%@?E%ngggﬁ en t%gﬂggggﬁ@ﬁ%&{ﬁfye—gg r ané Fiege) ) Wi
predeterm ned | ower threshold. What is clained is: 1. A

( oV Buigd ehiellidui@densityetvithXQ0) béiag teoedtedbédghdsedemity, with (p,,, )
entrai ned phase in a two-phase flow of a flow

beingttRé hbsure® Gps-phhsddasityomtireper apbeiaplihe dokputed drive power,
including a driver (104) and w th the vi bratory fl ow

andretigrthé CAWndE? fgms @Bfripgidingthrt detgeniat @ hit@-spedifietcopsahts.
response for the flow material and further conprising
meter electronics (20) coupled to the flom1neter

ass ﬁﬁ?wﬁb %f’lOB% gl?g/?@retf%% gwf):)rg? 8&11(111\6639{112’%1}3 gﬁge er Q166 o%rl]csse(QO) being
Iﬂt@rc@ﬁﬁ §1§I‘eé €8l cOibireNRe HBLE c%hﬁﬁhﬁﬂﬁncfﬁct()?—gf)ithttﬁé Rfasured two-

configured to generate a neasured two-phase density of
phadealenvity haroeidel aovenysinsgted heophbseaddnsital r esponse,

deternmine the conputed drive power needed by a driver

(104) of the flow neter assenbly (10), and calculate a

den ' g i
7. QT e RC AR ey L RA Of cKRLNG uuy h i e BT dnfes120) being
ﬁmﬂ’meenﬂ enst ty cohbhe thetemityednpenpaivanactot iwethrtbaﬁwaeded two-

t wo- phase density, and the conputed drive power
phaseedoppify t Rfioyide| wmmnéate@ 1yoyphase dﬁnéltrh @termm%aﬂor@lcted drive
poxénYE} e§1n§ h}ecl'i%uq@ 6181%11‘3/2 91)6 ekfl%laﬂ%d éo%tﬂéé @éﬁs tthg c%&ébfatéﬁ two-phase

drirve curtr In or ’er to

deiidi§y, SRR PbREAr @'Mdré{&erﬂﬂi@edf thé vibIeryflowaheey (lfODQWnGQiewrmme an
(1 0) of claiml, with the nmeter electronics (20)

acsrgyo o inasegmentsf] the plbyater}pﬂ@Womtels@rﬁ)beawdlqnaeg@lfference
V urrent in or t det e the conput ed
beoed P ptdicRet A o el o Sl drar R T

claiml, with the neter electronics (20) bei ng
configured to sol ve equation Pconputed =K ( | d x E Pq
8.) XThe(vibrotoxy Bow)meter Or(e of tiRG, with the meter electronics (20) being

pl _pcomp

further configured to solve the equation, [
p 1 p e

] , where (p,,,..) is the compensated

two-phase density, to obtain a compensated volume fraction for the two-phase flow.
9. The vibratory flow meter (100) of claim 7, with determining the accuracy further

comprising generating an alarm indication if the computed drive power differs from the

predicted drive power by more than a predetermined tolerance.
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determ ne the conputed drive power, where Kis a
proportionality constant, Id is a neasured drive

wW@sams2s 10 is a zero volune fraction drive cRCF/EH1007/068187
EPO is a pickoff voltage, and E, is a pickoff target

VO| h‘%g é(lﬂ?ifa‘foél’ ﬁé’l lft%rﬁ%tr Tolifgyg&:‘@n‘% g’a‘%q?g%?“?%t 13? accuracy further
co@gﬁpl'hg eHQraﬁH% \ég agm%%&fcb%h ﬁt%ég&? tfgﬁ Arikd ipoW& by &Bdtbr than

ensity,

theepit“edﬁtdalerﬁlwhﬁﬁ&rd@nﬁoﬁeﬁhama pfed(emmﬁn@d L@eﬂ thrédh@ld, indicating an
nmeasur ed two- Ehase density, with (Pconputed ) bein

CX¢qy8IVE SRISBINEd PERSOVEVY G1e rfurﬂéﬁfdn%cw\ﬂa haecded ghangeintfigwrs
[ nmet er-specific constants. 6.
Coﬁﬁﬂgﬁé 1ﬂ Vﬁ%g%ﬁ%MInE %gr(loO) of claiml, with the
nmet er electronlcs (20) being further configured to
conmbi ne the density conpensation factor with the
11 readibe etbrataoy Hawemdten 61 Q()) of olapm&v v @twnfpm@s:h@ e@buracy further
ase d nsit

t t
colgPRERaRRqatNs ph Hand indteano Rt Pihpiied MR vhleh 5 crbater than
thd Iweaiaﬁerd &%fﬁo%r%c} threGRMPh BeedeRenBiRSigpkr 6RENRNE éhtidh@ﬂlng an

factor wth the neasured twophase density to provid
exqassiye lgaabebble wize phd $ex tlibensditytinge h exdetl wbamgepindttive tmmthtlons in
dr.ive po u3|ng the liquid density, the entrained
ﬂﬂbwéggﬂa fﬂﬁeﬁhe conpensat ed two- phase density, and
a power characteristic of the vibratory flow neter
(100), and determ ne an accuracy of flow neasurenents
120f (e whrbfoay Aoy ihkew( rosh of claltld), witsdderdiing the accuracy further
di fference between the predicted drive power val ue and
CORNRES BEEseIatng AR @@H@dﬁé&caﬂw ifthe compyigd giriyc OB ifegrepter than

thﬁrgﬁl)&tegifqrf\%]eﬁo%%rkfylm ret ar% a PIe dl% ven%ltnhe ug) ﬁlsf%s%%?c} indicating an
exMRSIVE sbRd knﬂr:ﬁnéd]ﬁhéfs@w&ﬁ& ﬁﬁtﬁe\f\@ndibﬁ Perded yshaﬁgﬁ in flow
obtain a conpensated vol une fraction for the two ase
cofidigans @, thFébrgtiohy Howripetet.ow neter (100) of claim 7
Wi th determ ning the accuracy further conprising
generating an alarmindication if the conputed drive

13P owqihe Jitirh ﬂBGvotﬁb%P SHL LAY, Wil Gt RANRM ti}ie acy further

than a pre ermne rance 10." 'The Vi br at ory

comptieing (cbOEating an labirm 1ﬁdch1d)Ih1fdh¢ eompuicd glrivi @oaec iy geyter than
further conprising generating an alarn1|nd|cat|
the predickdtiteP Y %%%Lan 3 PRdstarginadiip i&gl cted
drive power by nore than a predeterm ned upper
threshol d, indicating an excessive entrai ned phase

14] evéaihe afitstafouy floar metee (0D iofigladm e ededdahatigrg the ht@iacy further
conditions in the vibratory flow nmeter. 11. The
comipﬁslgg@ﬁ}nmg@b@ earnpgnsated dyvoqrhage density, if thictcdemputed drive power is

less %1 tﬁ‘e rﬁlrergigcteg Grifs I%lojxgvgrc le Fn%rre Hian a predetermined lower threshold or if
the computed drive power is greater than the predicted drive power by more than a

predetermined upper threshold.

15.  The vibratory flow meter (100) of claim 14, with refining the compensated two-
phase density comprising reducing the density compensation factor by an amount
proportional to a difference between the computed drive power and the predetermined

lower threshold.
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conprising generating an alarmindication if the

conputed drive power is greater than the predicted
waleiosasqewer by nore than a predeterm ned uppePCI/US2007/068187

threshol d, indicating an excessive gas bubble size and

further indicating a needed change in flow conditions

in the vibratory flow neter. 12. The vibratory fl ow
16Tt §the (HAQorPFoW AL b00fiok R1a8G 2 UGt R 0ARE Y@ dcy further

further conprising generating an al'arm i ndi c&t i on
cotnpeisiagrputpacing the/greprvey drivge goveattethd danpitbé divegowted

drive power by nore than a predeterm ned, upper )
gengipidihey alarm dagisafiqnnid thehcaipuied dyke pewpiseneatel thay the predicted

ariBP 3R eb R o8 Rnia el Eeun PR EBpY Wi S R TG, "
coMpBitRl twof-pieide ABRSFy HylRAhciak thd adr¥ity copehsation factor by an

determ ning the accuracy further conprising generating
amgungprapeaitiondl wa didierdnice hhevesorthe cenputed veivp pawrer prd the

t th h icted dri : b t .
profe i P R e RIS T € fR o S B WRyfcted
dri%b@f]veﬁ 3@ Ror®fhas! e@ﬁl@ﬂ%‘c_erdi\fnkﬁ‘ lﬁﬁéﬁhfgsﬁé)lﬂg the accuracy

further conprising refining the conpensated two-phase
density if the conputed drive power is less than the

predi cted drjive power by nore than a predeterm ned
174 omérm@ﬁwésq#&m%tﬂng r@ﬁ@ﬂ%ﬁﬁ@ﬂﬂ@@@dﬂﬁ&%&%? oy of a flow

e BUESF5 IR0 NSO e GuRPISt: DRI 4Pyt o
phigetdhsityl 00heaivoeptaketldd, withtthe hefhdd dng blearectonasisiat: ed
t wophase density conprising reducing the density
conpeissatiing theagomurted drye powseritccgedpn A drigaaet the vibratory flow
differen%%thgwfen the conputed drive power and the
pr edet er m ned 'Gwer threshol d. 16. The vi bratory fl ow

et ealc(hify adengitypédhpensidfadesraisigM H?Jiﬂ RIen@6CHN AYuid
further conprising conparing the predicted drive power
to the cooppoeehtdf itheetwroplase flgen@nanimmed phageadamsity of an

indication if the co ted drive power is,greater, than

the b edfREEaed P EORRIRC piraned B ahost dshsig: B e egmputed
upper thﬁﬁ@@gbg@nand refining the conpensated

t wo- phase density by reducing the density conpensation

factor by an anount proportional to a difference

bet ween the conputed drjve power and the predeterm ned . .
18} ond e ipitaadef ¢fain 1%@%6%&%@@%@@%@ gli“ée p¥er comprising

ISP RS A o e B ore (hen o

19.  The method of claim 17, with determining the computed drive power comprising

multiplying a pickoff sensor voltage by a drive current.

20.  The method of claim 17, with determining the computed drive power comprising

2
. . E .
solving equation P, ., =K x [([d X E,,)x [E : ] —(1, % Et)] , where K'is a

PO

proportionality constant, I, is a measured drive current, I, is a zero volume fraction drive

current, Epq 1S a pickoff voltage, and E; is a pickoff target voltage.
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17. A nmethod of correcting for an entrained phase in a
two- phase flow of a flow material in a vibratory fl ow

woreaosn3esehe net hod conpri sing generating a meaRCr/E82007/068187
twophase density of the two-phase flow, with the

met hod bej n aracferized by: determ ning the |
21 Com e SeFthed eﬁgami ,wgé&g@uf%vng tlf: §S7siy Gpmpgsation factor
vibratory flow neter; and .cal culating a density
GORRRBSBH; gofr Asifig a Licappd densiiy( of) Ridd @Eifuid
COcgn'pogent I%etﬁﬁe twopphase) fl ow,kl C%*ﬁ”e‘gjrqit rlal?/(r(g’c? phagse Fui
density of an entrai ned conponent, the neasured
detishg; phtas e deBsing\the ARasrbE tvwee-phaeadengity, Wit OPeY beidBthe
The nethod of claim 17, with determ ning the conputed
entifiihvV@ phaoRlenSieTwitts( PG M) Bdipd sHen@ngpuidd déve/pdwagendyith the
a drive current. 19. The method of claim17, with
C 10@ider Mrieitind @ obripeis hed @entihed thep@WRECiio BN §tSh O]
mul ti plying a pickoff sensor voltage by a drive
current. 20. The nmethod of claim 17, with determ ning

22 R TR RIS P SRR Hh0 o PRIt e B lmpensation
fadR6rORRR thOmaldutdd GRIPEARUendifl foSprBvilRASWheEnHtEyY ?wo-tphase
current, 10 is a zero volume fraction drive current,

defid.i s a pickoff voltage, and Et is a pickoff target
vol tage. 21. The method of claim 17, with cal cul ating
the density conpensation factor conprising solving

23?%%%%&0(?%&?3& @7)@3@4 E&nﬁ%ﬁﬁgei ng the liquid

density, w puut el ng asured two-phase
densoinpining tHe denpiey capargatitue faxndraitin et pbasiecdenspliase density
with (Pconmputed ) being the conputed drive power, and

Wit h t hetoproxide Toompenyated SyyprnhaphgetsitEdet er mi ned

et teﬁgﬁﬁfﬁ%? %re%?&ga ant.e Rpﬁvér ?%gge ggﬁgsc{]u?(ﬁj dglgsrirtgfléﬁlier%nﬁéiﬁled phase

further co sing conbi y €O nsa

factor wdbikityhehelRasienssted Woo-Phased et dnyl ot fowir@hb@teristic of
a conpensated two-phase density. 23. e method of

cl ai m 17 thef vibrateny tesi med conbi ning the density

conmpensati.on factor w t he neasured two-phase

DR e RS ah Sraudieydofhok AR BATERE GO UBRERG: fgw meter based
on a difference between the predicted drive power value and the

computed drive power.

24.  The method of claim 23, further comprising solving the equation, [—pl —Peomp ] ,
P~ Pe

where ( p.,,, ) 1s the compensated two-phase density, to obtain a compensated volume

fraction for the two-phase flow.
25.  The method of claim 23, with determining the accuracy further comprising

generating an alarm indication if the computed drive power differs from the predicted

drive power by more than a predetermined tolerance.
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determning a predicted drive power using the liquid
density, the entrai ned phase density, the conpensated

W dp8pbmee density, and a power characteri sti cPOf/US19687/068187
vibratory flow neter; and determ ning an accuracy of

fl ow nmeasur ts the vi bratory flow neter based on
264 gilhf &%ﬁ%ﬁgﬁgmgg, VHE dpfesaittin degiryiacy SrerFaMpaising
e hine i FAIRAGELR MEERHRIwcE v Bon TPk 2ot fh ineh A Brodicted
dripe powe) by sndrb ehanaipedstatreded wpp@tassheldnsidicating @an excessive

obtai n a conpensated volune fraction for the two-phase
enfraigggl phase lqyed apg frdeer dndieatingm pepdedichanggan dlony pontionsein the

. r ri her conprising generating an alarm
Vlb?%té?}égwlorﬁ&feﬁ the conputed drive power differs from
the predicted drive power by nore than a predeterm ned

tol erance. 26. The nmethod of claim 23, wth determ ning
27t he The engthed/of ¢damndp, wihdeicsinnyng teercatiany Nantheslcamprising

bR TR S PP LR LGRS e

drivOB6ivet W &0 thn 4 ﬁlghé‘t@ﬁrhi'%d %B{)@r)%ﬁfe%ﬁélﬂ?irﬁmaﬁﬁg RE@xcessive gas
phase | evel and further indicating a needed change in

bubblowizeandifurtbersndicatiiea nedtedtabnygd indlowededitio@Yin thheibratory
nmet hod of claim 23, with determ ning the accuracy

flopieEr conpri sing generating an al armindication if
the conputed drive power is greater than the predicted
drive power by nore than a predeterm ned upper

281 hr asbohdlhod ofitlaimt LROwAN dexe@athy thegrsuub blieheicampaihg
further indicating a needed change in flow conditions

gengratingan plarratiedigatiqron thie¢pputod drive poyyet kegcaser thpmthe predicted

2 Wi et er,m ni n he uracy, f er_.conprisin . .
arigEralst P ot b A B SRRt (bR g R g efessive sotia
enPHNEd %)hzﬁsegé\%a\faﬁﬁ fiirfadR ihdieatRgeslh&dded cHﬁﬂ%&nWEoﬂ&dtions in the

_nore than a predetermn ned upper threshold, indicating
vitaatoex Bewgheter.sol i d entrai ned phase | evel and further

i ndi cating a needed change in flow conditions in the

vibratory flow neter. 29. The nethod of claim?23, with

29det ghiiAgH bP@afs o8I @Y dEééhh'ﬁﬁﬁ% 9%”%6{11%9 GuARR AR
an alarmindication I f the conpute rirve power 1Is
geupred@ean blaan ihdieatprreditlod @dnputed drive power is greater than the predicted

drive power by more than a predetermined upper threshold.

30.  The method of claim 23, with determining the accuracy further comprising
refining the compensated two-phase density if the computed drive power is less than the
predicted drive power by more than a predetermined lower threshold or if the computed
drive power is greater than the predicted drive power by more than a predetermined

upper threshold.
31.  The method of claim 30, with refining the compensated two-phase density

comprising reducing the density compensation factor by an amount proportional to a

difference between the computed drive power and the predetermined lower threshold.
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drive power by nore than a predeterm ned upper
threshol d. 30. The nethod of claim23, with

wa@leaosnsises ng the accuracy further conprising re¢i/ng19g7/068187

32

33

t he conpensat ed two-phase density if the conputed

dri power is |less than the predicted drive power by.

rror &1 ﬁlafivﬁf%é prelaee iﬁnwﬁ dereEnNn HicasRuiagy %vrﬂqu copriving

C o . 0

i i B S SR g A Ll

t hr gsi@hting 3d alaithéndiedthodif die edrapuedrivevpbWwer efdeadthe predicted
t he conpensated two-phase density conpri Si ng reducin

t he densidfiye pewsehy siare hanacrrgdetpymingd yaperihreshold; an

propgs t.i I i _ 0 .Lhe. connut

ar i SahORR oot MEGERER RRUAT BR AP IR sl

The et hegm@éngatish Mctés byhd AmedehEeirBpottivdalt t0& EERHNAE ¥etween
further conprising: conparing the predicted drive '
power t o theheong thade poweransiohe predgearaviead logyenthreshaddrif the

indication if the. conputed drive power. exceeds the

or edi ot e SOBPPE FOGAPBY e e 4 BB EE S TR ey by more than
upper t hpesfiRk@mifdfionRt kitképbid.he conpensat ed _

t wo- phase density by reducing the density conpensation

factor by an anmount proportional to a difference
bet ween the conputed_drive power and the predeterm pe
{ over m@ﬂwgsq#&me?tﬂn& o8 ae&&galtnvéﬁ PhpIe/B agdiRephase tloagaf a flow

e 5 DO 45 PRI QA o s o

phardeagity ofthkatvoaghaentloai, Reh thd asehddbdng wherpdtasged byaw

34.

of a flowmterial in a vibratory flow neter, the.

net Hegrasupe thei segnyserbdrard popver nesdedibed drinepakide vibratory flow
density %etérhe t wo- phase flow, wth the method bei ng
characterized by: determ ning the conputed drive power
needgdulying aleh¥i8f cethpdigtion Ricairaisingfd BaiaRieRlity of a liquid

cal culating a density conpensation factor using a

l i qui d deowippyerdfof ghd tivthlmascé]mbmammtrefnedlpéasaugmpﬁ:agéan

flow, an entrained phase. densit f an entrained
conponenEhtHRE] HEERRHGE PaaNBhaLe PHeRbAtS SeraHy: e computed
conput ed dﬁ%}S?w@P"‘er ; conbining the density
conpensation fact'or with the neasured two-phase
densompirting firealensiey aompenpatisafatortwith feaseastdesdstwoyphase density
to provide a compensated two-phase density;
determining a predicted drive power using the liquid density, the entrained phase
density, the compensated two-phase density, and a power characteristic of
the vibratory flow meter; and
determining an accuracy of flow measurements of the vibratory flow meter based

on a difference between the predicted drive power value and the

computed drive power.

The method of claim 33, with determining the computed drive power comprising

multiplying a drive voltage by a drive current.
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determning a predicted drive power using the liquid
density, the entrai ned phase density, the conpensated

W dp8pbmee density, and a power characteri sti cPOf/US19687/068187
vibratory flow neter; and determ ning an accuracy of

f1 ow nmeasur ts the vibratory flow neter based on . .
35a dmhF é‘ileéﬁ%‘gggﬂgf‘%gga WHE defesgining eoqqnq;glt?fi)&gye RAV¢fecomprising
] ' PVEri e nethod of claim
m%@?‘y%ﬁgg?g%%&ﬁ? ﬁgﬁfg%e coﬁ%b’%g%rr%‘?i ve power
conprising multiplying a drive voltage by a drive
current.35. The nethod of claim 33, with determning o
36¢ he Thempibediobelpiye 3powih detshpiniag He amruted Jilygypewer comprising

pi ckof f sensor voltage by a drive ,current.q36. The

t hod of im3 it h A, h t .
ol 0. m 33 1 Paxﬁ@—egig?«aﬁ%z ity S0
XEPO) c-(l ox tL) where | s a PO pr ortionality
pror TRy bl Qi TRREIFRLAE ¢ B B prtorgufictiblon arive
cuttOnhtt Egﬁs ARG vbBage, BhE KOkfa gigkretary@lvioddge. 37. The

nmet hod of claim 33, with calculating the dénsity
conpensati on factor conprising solving equation x C2(P

uted,) , wth. (Pl eing the liquid density, wth
3Tpey Thbmighodar Shth armutf shiaSletndiad agticplivestige fyctor
bei ng the measured two-phage density, with (Pconputed
coth Hﬁ‘d‘n@%of\lﬂ?g EQIHRIdh idr Pee POWe(p and),‘%iﬁh( }pl_*)%_eﬁlg tﬁ@qiiquid
CB terms conprising pregeterm ned”HEt €r-specific
constants. 38. The nethod of claim 33, further
dewstyp wiithi (g ) boingi the ettieined|pladse @ensivh evrith (o, ng bBing)the saecasured
t he conpensat ed two-phase density, to obtain a
twephpendaizg wioh URe, f 1 abtingmhd compited tivioe pbase ahd evith the C1 and
39. The nethod of claim33, with determ ning the
C2aeay eayipifising pesdecompiddsinogr-genefiatomenad) al arm
indication if the conputed drive power differs from
the predicted drive power by nore than a predeterm ned
tol erance. 40. The nmethod of claim33, with j

3gdet ghE iR bP@aRE YT ffthof w&lﬁgﬁ?gg&gmg%egg@ﬁw  nfeomr.

i
an alarmindication if the co ri-ve power 1§ p,—p,
greater than the predicted drive power by nore than a
whiegtedet el iy the dotipeadatéivaspiedsd dehsidi eabbiath aboRpeBIfidUDdlume

comp

fraction for the two-phase flow.

39.  The method of claim 33, with determining the accuracy further comprising
generating an alarm indication if the computed drive power differs from the predicted

drive power by more than a predetermined tolerance.

40.  The method of claim 33, with determining the accuracy further comprising
generating an alarm indication if the computed drive power is greater than the predicted
drive power by more than a predetermined upper threshold, indicating an excessive
entrained phase level and further indicating a needed change in flow conditions in the

vibratory flow meter.
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entrai ned phase | evel and further indicating a needed
change in flow conditions in the vibratory flow

wWoreioen3e$2s The nmet hod of claim 33, wth deter P@i/ngRoHess187
accuracy further conprising generating an al arm

i ndication |f _ the uted drive power is qreater than
4l¢ helrg‘F éla?tﬁqiaf ﬁaxr@ég&wﬁ ﬂewn%?%%ﬁu@%?%répmpﬁ@@g

.I 3 . .

o0, MTGBRATk a0 LG B0 BRGEROULE B BB e predind
drisepdiver by sdra thanen priebétatmingd bpey thiskskold, #idicaling anekbedive gas

of claim33, with determ ning the accuracy further
bubllgsizesindduigeerdpdicaiigg anceded hangriindiaw spandifiophim the vibratory
flo qgg%&ed drive power is greater than the predicted

rive ‘power by nore than a predeterm ned upper

threshol d, indicating an excessive solid entrained

phase | evel and further indicating a needed change in
42f | oWhe oredhed oheainm 38 heith idpreamarigg giecﬂmcnl@me furtheg commpeising

met hod of. claim 33, with determ.,ning the accur :
ceqoiptiner? eafp e carrmged Hriss Howe iniredler B fhe predicted
dril BB oRRFBY hife Han\EpR@WBFMIned AppatiBfeshORANINdN& AL 8ickE&Live solid

drive power by nore than a predeterm ned upper
entrinned hodsd.levid and fierthnaetimdidatofg & hedded 8Bangei inHflow conditions in the
.determi ning the accuracy further conprising refining
VﬁFW@ntghﬁ@H§@Fed t wo- phase density if the conputed

drive power is less than the predicted drive power by

nore than a predetermined | ower threshold or if the
43 conplt eekthisd yeclpomBs, wih deeah@iing tirmcthiecp fethatcethprising

drive power by nore than a predeterm ned upper )
gendypiéahan dlarmandigéonyid throepraputed drive pawenstdicater thap Hp predicted

i BofBRRT F L BB AT Rty R ot ' "

proportional to a difference between the conputed
drive power and the predeterm ned | ower threshold.6.
44The Tie misbiod 6t dhiamn 83 38ith Wetchmdeng thei asicnigey fierthes compeiping

rol e o5 DU -C TP DF <DEHEA A S PONFT & lgppihan the
prétdﬁgé& afi’vé’goévgr by moto fHﬁHtaeﬂggé'téﬁfﬁnQ@YhWer' tﬁregﬁ(gato? it B %gmputed

e predicte rive power nore than a predeterm ne
drisp pewet rgradtet tthan aredpredictaall driy ot fravar diypaosahada predetermined
t wo- phase density by reducing the density conpensation

UpPHSEhYd- an amount  proportional to a difference
bet ween the conputed drive power and the predeterm ned
| oner threshold if the

45.  The method of claim 44, with refining the compensated two-phase density
comprising reducing the density compensation factor by an amount proportional to a

difference between the computed drive power and the predetermined lower threshold.
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conmputed drive power is less than the predicted drive
power by nore than a predeterm ned | ower threshol d.
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46.  The method of claim 33, with determining the accuracy further comprising:

comparing the predicted drive power to the computed drive power;

generating an alarm indication if the computed drive power is greater than the
predicted drive power by more than a predetermined upper threshold; and

refining the compensated two-phase density by reducing the density
compensation factor by an amount proportional to a difference between
the computed drive power and the predetermined lower threshold if the
computed drive power is less than the predicted drive power by more than

a predetermined lower threshold.
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