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METHOD FOR GENERATI NG A DI AGNOSTI C FROM A DEVI ATI ON CF
A FLOW METER PARAMETER TECHNI CAL FI ELD The present

WO pwensd2en relates to flow neters, and nore  PCT/US2008/062295
particularly, to a method for generating a diagnostic

Ln viation in a flow er
VARG Bk N A TR AN TR EROF A g ysaTION OF A
use Coriolis effe@@%METER%B& KIEReasure mass
flow and other information for materials flow ng
TBCHNLQAL EF1E0Mui t in the flow nmeter. Exenplary
Coriolis flow neters are disclosed in U S. Patent
4, 10%¢ mqsenursen@@n eH@tea oy Howopstersy gad maore prrtigarky.|to a method
for n%enéralt:‘lnﬁgarﬁl%%no %lC ?11’1% ePl?aélir:Oll’lg}ldvra\r}gt ezl’:l’lzert] 1. \gégarngntgr or
Each conduit confi guratl on in a Coriolis mass fl ow
rreter has a set of natural vi brati on nodes, which may
A ST¥ bKdNonal , or coupl ed type. Each

31 [ 8
con uit can drlv n to_0sc e at sonance in _on
?‘h]és%enﬁ?tl& goegse {“811?& °Ff BRES ﬁRWomFWéS% HW‘S“T@ mass
ﬂoWsﬁl?([ ofH'eP RS AE Freha R BR ﬂmn%nthhﬁ?gh' Nkshdiit BetHRf flow meter,
llow meter, Is directed through the conduit or

Exempﬁllryt@orl(drsdﬂevvl mstarhard doslosed en IﬂJSr Aagint 4 E0QDA4, elt).S. Patent
si de of %he flow meter. The Eatu vi brati on des of
4,40 D25, grcReng A edr o E£ it ¢t & S?B?ﬁe QY dR§iFTs Ve Qne or more

o BB TR B o PN oAbl in 5 Coril
mash Glowt e s bhet 6f et iratiél moded, Rilsicia d dﬂiemmple bending,
conduit oscillate due to an applied driver force with

torpigank ot seuplehs@eoEaghapnduinean ke drivendd qseidlgte asrespapnce in one of

whi ¢ [ec teri al ns to f
PGt PadS TRRIGED Sow el BieTioP spREL R b 2ohhRftd pipeline on
th@i%'ldﬂ%l@' ¢MBe FB§ ©eREUL dirkored @y@ugh did éo@lﬁafttorcbﬁ&ﬁts BRd exits the
exanpl e, the phase at the inlet end of the flow neter

flomaigrstet Merodgh therqutlehiside of te Porasectat. Tihenagutal etbrieerdgiodes of the

the driver. P of f senso the canduit(s roduce
Vit it e SYLRrEE efﬁﬁsfecﬁve Bt e thbobiR s of the
cof @NRYNERY maRir@N &% (Vﬁ’ﬂﬁn ﬂﬁﬁ%‘s pi ck-of f sensors

are processed to ete m ne ase difference
bet Welegn theee s alo- bty grosgr $he T]Io&v pleaae adli f)cf)le.tseukoeg the conduit

between the two or nore pick-off sensors i
oS a € Vi c€ with 1aentica ase OI' small 1mitial 11Xe ase
pHefsshuei torma appeied Kigivegsyce with identical ph Il initial fixed ph

offset which can be corrected. As material begins to flow through the flow meter,

Coriolis forces cause each point along the conduit to have a different phase. For
example, the phase at the inlet end of the flow meter lags the driver, while the phase at
the outlet leads the driver. Pick-off sensors on the conduit(s) produce sinusoidal signals
representative of the motion of the conduit(s). Signals output from the pick-off sensors
are processed to determine the phase difference between the pick-off sensors. The
phase difference between the two or more pick-off sensors is proportional to the mass
flow rate of material through the conduit(s).

Coriolis mass flow meters have received great success in a wide variety of
industries. However, Coriolis flow meters along with most other flow meters can suffer

from an accumulation of deposits left by the process fluid. This accumulation is
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flow rate of material through the conduit(s). Coriolis

mass flow neters have received great success in a w de
wa 2000284260f | ndustries. However, Coriolis floweEUg2088/062295

along with nost other flow neters can suffer from an

accynul ati gn of deposits left by the process fluid. . .
gerginlly SE |tatmotﬁe i2ElghefREinG r dPenendme; @ e eirasacipyistics of the
" eoad i " : h )

profese AR HHujd SBRERY Y (At o ClRIGBRHeTioD thétdn @helfdifance and

acduracyl. | Awhowrglethescqaen @enaatie vatichaediecathe. fléW trhaedh stiffness nor
the coating generally will not affect the flow neter's ,

caue] # floa §atA JRCASHIRRCTH ATaswitr ginealied sathemaspectsr¢fothe flew meter’s

chgrﬁgteta}gtf' cesCtF qte@;%ﬁlp? RS Eg’at fg ﬁqgf '111];1{/9 W4 ér%flt Jensity than the process
C { ¢S. “FO haverh

haracteristice rexamnple, e coating nay

flugd. f TRk @ah adeasdll uffcbethe tdegsiBf Ra8mS dbtathéd frdlt e TRIW meter. With
adversely affect the density reading obtained fromthe '

cerftgipwpnoeeser fluidg.t theceoatmignmpy duekis up | insids , the Héow oaetengo a certain

) bui up, i nsi t he ow er to rtain
thif s Ad el hyofte off e il Bfes e sfhaft et Sy affzet other pars
of #BbrocEdsakBBeTBY tAfHeaidw A& PR citEnAREESHe coating may
connected to the flow neter. In extrene circunstances,
builtherpc emitighgsurhythbuiHedflop ewtudiecemeh plinggedt fequiringwcomplete shut

net er. becones pl ugged requjring, conpl ete shut down or
doyi of dRROIRF CHEWE AR s2 C@ne%ﬁ%re@éaéewm ot BFthe

T I W& Sobletis by el S bg?éat?t?%ﬁ%{:ﬂ%%ﬂ%gﬁsﬁlc?&%t.bﬁ'tgprocess fluid

pl uggi ng, Pnconsi St en proc I ons,

copasigess, ichai@Rpe tehporatued oft the ppseseflgid kel dlor @kempleQin the paint

~ exanple, in the paint industry, the same flow neter

indysiyy bessme flow melr mslyebqusast fog sn@figle prie edlerse, Therefore, even
though th oatin not., ca neter readin rrors,

tho 99 R pf aBtY HPn Bl Bl AFP ol e R (PHpfcdote naversely

affB&GRL8R] Bfodube above probl ens, along with others
caused by coating, it is desirable to diagnose when

t heBecausef dovharebere poehlems. alPngowithr othdisagmosdily coating, it is
met hods ..of detecti fl nmet er coating .hav nunber
g i HRSN R 1Sk Detiekig Y TR SPRTBE- BT Hecsae dy ethods of
deﬂtegtgﬁg‘f edwt Rek@aohfis ‘ﬂ%{nﬁ G @b 'bf:%@bl@ﬁl‘é! ViBirst SGhh PR Phe prior art

[ ow tube, i.e€. e vibrati section. O her
mdthodstat ilmmsedofo ¢daenprdetectian tin alid setiviersestidaf tlenfowhtebe i.e., the

.the density of the coating is substantially simlar to )
Vi gesEiess QtLQH Emltmoq%‘g@e P10 @A A d §11URfHS  WRere the density

orEERIFAP! 51 G %he LIS TIPURLL s,
dem@iytded baitimpvdstedivass hbeaahRvR. MEiHréfoREdhdre i b abed Sthe art for
a coating detection method that overcomes the above mentioned limitations.
Furthermore, in applications where it is known that the process fluid coats the flow
meter, it is desirable during cleaning of the flow meter to be able to detect when the

meter is completely uncoated.
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Furthernore, in applications where it is known that
the process fluid coats the flow neter, it is
waele®onabe during cleaning of the flow neter tRCDHESHDS/E62295
to detect when the neter is conpletely
C ed. ASPECTS According to an aspect of the
Mion a nethod for detecting a deviation in a flow
et . cBRA AR &1 aspeQBthS B chfiéh §|E-;‘?e‘i?l$oc9foir d%@ﬁﬂ%hrﬁgvﬁhion in a
di fferenti pregsure across at least a portion of the
flo meterph@nmet@pomapiistg thhetepeaur ed differenti al
pressure to an _expected differentjal pressure based on
t he MPasWiEY dHTaMnt PESSSHR ACHRSE ableptig Rprewy phthedipw meter;

the c&lnggfug # rm@aasil%ale&i?frereinftiaf ]gr%ssq{ré Eoﬁeréne Q@%C%ﬁtm&n{iﬁepressure

nmeasur erenti al pressur and expecte

bagbdf drethe MhdaghreR fRSS HHLE @yceeds a threshold limt.
Preferably, the method further conprises the step of

meadelertieg a ddiintier enthicdlovpmetes paenaeteid sha didfeesnce between the
e Ed FRES b pEen g toh S e el b S e eftegds a threshold

linfreferably, the expected differential pressure is
obtai ned froma previously prepared plot of
di f Pesferabiyalthqometd®drferthier dongwiseatle. stér ef meadnlryng at differential

nmet hod further, c%rrpri ses the step of storing the
presyyeAcEys dhasbie HovaneisFessure in a meter el ectronics.

SR ST S g v

viseosipr.i ses a Coriolis flow neter. Preferably, the
deviation in the flow nmeter paraneter indicates a
coatrefgraply. threcxpceifd ratfeentiaqueistrag obérivgtbirpara prgpiwesly

f the in ILon net hodsfor _detecting a deviation
pre aread @P{O Qva (ﬁgéere tial rgﬁ%utr%y ﬂ%\g rat

n . erp . rrpFI ses the steps of:
meaputenglya tet mbelodTiitBér dUnGs s ﬁleas%}?§§stbﬂ§ fHeQ¥pected

nmeter; calculating an expected fluid flow rate based

difgaventied préshirerivptneter pleelseues; and

Preferably, the threshold limit comprises a predetermined value.

Preferably, the flow meter comprises a Coriolis flow meter.

Preferably, the deviation in the flow meter parameter indicates a coating in the
flow meter.

According to another aspect of the invention, a method for detecting a deviation
in a flow meter parameter, comprises the steps of:

measuring a differential pressure across the flow meter;

calculating an expected fluid flow rate based on the differential pressure; and

comparing the measured fluid flow rate to the calculated fluid flow rate and
detecting a deviation in the flow meter parameter if the difference between the measured
fluid flow rate and the calculated fluid flow rate exceeds a threshold limit.

Preferably, the step of calculating an expected fluid flow rate comprises the step
of characterizing the flow meter to an orifice meter.

Preferably, the method further comprises the step of determining a flow meter

coefficient.
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conparing the neasured fluid flowrate to the
calculated fluid flowrate and detecting a deviation
wo poovhae268 ow neter paraneter if the differenceP@BEUSOS062295
the neasured fluid flow rate and the calculated fluid
flow rate exceed hreshold. limt. Preferably, the :
st egr%?ragbf, @@ﬁwa éﬁﬁgw@a%réﬂas heiitep o S0FRRAE expected fluid
floSOrHRY | " si6p; of characterizing the flow neter to
0an orfln?fﬁgtg E]ngge(tr’. e?ﬁreferably, the net hod further
conpréfsmblt, g thieholf litlétoampriseng peedetenmimseltvaue.
coefficient.Preferably, the nethod further conprises
t he Peefersbbr, tha Bewpcteheoraiiies adeorfalisi fpw msiery at e in
met gr r.onj . Pr.ef I dJimt .. .
corp 5 SeBRh MRMG T B AL e Bt Ry e, S bty i ehe
ﬂomeﬁqgfer_ponpri ses a Coriolis flow neter. Preferably, the

deviation in the flow nmeter paraneter indicates a o
coathoagrding toranothaywspast ef theAoeentwinng meshethtor etectigp e eviation
. of; the 'nv%]%%ibq?n, a_net h(r)[g ftor dft ecting a deviation
in f floy elghp CInSPAREIEMC H6RHP ses the steps of:
Measiakitéh Pa diffd&ieNbiAkuRBRRYLElARTO5Hifh of 8BRS0 meter;
portion of the flow neter; calculating a friction
f actalcubtisgd fontien faets aeet é1h omaasired dloav tateamethsunedured

differential pressure; and conparing the calcul ated
differential prespEt 3#d t 0 an expected fri ction factor based
on
e CPT B A et A P e £ L B LR DA TR ied on
theciabayukad Bow fratecind Aetdeaat ardeaiation e tlexbee hederf parghéetenif the
~factor exceeds a threshold limt. Preferabl%, ‘the step
diffgreres katveen g calontated fristiopfa¢ter andbiigcxpeefed, Higipnt faetor exceeds
tihon.. DAP J ~ -2 2V pL Preferably, the expected
at r%?'?qlfiglrﬁm%‘act or is obtained froma previous .
NMeapfBRBRL thdXtep 6f adlbVlatih e fidétidrefaefdl kampPE&SEiiEthleequation:
nmeasured across the entire flow neter.
fo DAP

2V2pL '

Preferably, the expected friction factor is obtained from a previous measurement.

Preferably, the differential pressure is measured across the entire flow meter.

Preferably, the expected friction factor is calculated based on a Reynold’s
number for the measured flow rate.

Preferably, the method further comprising the step of storing the expected
friction factor in meter electronics.

Preferably, the flow meter comprises a Coriolis flow meter.

Preferably, the deviation in the flow meter parameter indicates a coating in the
flow meter.

According to another aspect of the invention, a method for detecting a deviation
in a flow meter parameter, comprises the steps of:

measuring a flow tube temperature in a plurality of locations; and
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Preferably, the expected friction factor is cal cul ated

based on a Reynol d's nunber for the neasured flow
WO 2000/13R25%f er abl y, the nethod further conpri siPQr/Ukm08/062295

step of storing the expected friction factor in neter

el ectroni.cs. Preferabl flow neter conprises

Cor F@F}l@ﬂiﬂg BUPHBRaRIS gldiat 36?%?1 o e reReSIERE GRDFIA Rand
defctfle TRL U BTN (i hR AR & P9 IR Dfiporafie gradient
exceetihaderhperaties gridiong ttaechwid.at i on in a flow neter

parameter conprises the steps of: neasuring a flow

t ub&referppbn saqrter phealcwrings faypepturaEdicahsomprises calculating a

l.c er at [ n n the
qut%r gll?enp 9(0 éﬁr@/ Iﬁgtgy ({:Pe%tgt %dﬂo%v ‘ineg& (I?][ef?

enpera ures an ecting a I'on in the
f | O\Fré'fBlta@Iy, Fﬁi’d‘ift&?bﬁéalbﬁlaﬁlﬁ@a eahdth@t@Grati RMPESAPHE® calculating a
gradi ent exceeds a teg‘ﬁ erature gradi ent threshol d.
terpperhiaraplagiont frensa &pst dlovciaibe to aseempdelave fiphwr at ur e

7t onr Sk Lo b Srapthed ltinp St ol e0oL in e
floRr BbRE #hY calchRt&t ®Rp ef-au%l oeddiattl dhn estRRBFAthHA Sreshold limit.
gradi ent conpri ses cal cul ating a tenperature gradient

f r orefefabhys the ﬂempetaﬁuce gradiantsthomshaldfib predeteneined.

Pref er met hod furt her es the step of

det @EfthWgYYa ﬂaf‘oﬁ%)wrﬁaet%cqrﬂeﬂw %&Her QW Mok

cal :
2&%\%‘ gf&l, Fﬁ?&ﬁ%ﬁdﬁ fa tﬁ% ﬁQWEte?P%%%er*ﬂ&%?agggtnﬂltg in the

t hr era enper ature gradi
flohmeshol d i s predeterm ned. Preferably, the flow neter
conprises a Coriolis flow nmeter. Preferably, the
deviation in the flow neter paraneter indicates a
EF DESCRI PTI ON OF THE
~ S 1 ownet er according to an
efTbNG”F Blhowd a HB@J inBiee a&do@@mg feb & ckhbolRMENt DT BRS fnvahtion.
cross section view of the flow nmeter according to an
enb &2 slhovef a parial epensdcoinn vikivGof thesthomenesercacossling to an
% tlon i.,ew of a flow tube with a coating forned
emby g ?ﬁéhe 1nvent10

FIG. 3 shows a cross section view of a flow tube with a coating formed inside the
flow tube.
FIG. 4 shows a block diagram of the flow meter according to an embodiment of

the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 — 4 and the following description depict specific examples to teach those
skilled in the art how to make and use the best mode of the invention. For the purpose
of teaching inventive principles, some conventional aspects have been simplified or
omitted. Those skilled in the art will appreciate variations from these examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples

described below, but only by the claims and their equivalents.
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flow tube. FIG 4 shows a bl ock diagramof the flow
nmeter according to an enbodi nent of the invention.

WO 3L68 DESCRI PTI ON OF THE | NVENTI ON FI GS. 1PET/US2081062295
the followi ng description depict specific exanples to

tea those skilled in t art how to make and use .t he )

besgﬂﬁoéé PSthEoVn it 12?@ aqﬁelf(ﬂ%éo Alraedigent of the vention.
AERE Rl RRIilen PO HE it EitionSATTEO e 108 Blmprjsps g Coriolis
flomnmictee. afdwemel,| thappesent atventvar isatdt dimsitddr torapphiestéons incorporating

exanples that fall within the scope of the invention.
Coriebs dlogk imatery, anfl ithehoatd bgjundersiodetbpgthe prgsenttigeention could be

oSN SRR AT 2T RS TR AR o 10

end@ofifg hd lowteh ottinestith® Aloistubed 101, TOL &chitipateNBtesRARI donfiected on
exanpl es descri bed bel ow, but only by the clains and

thaihlsiftrendg &0 dangnt @t Fiadis meck HORend Whidwarestosnedated on their right ends

vig G5 o lstheRa S R bR P Lot | Sho SR e dchd et Hdghiet 106
of $RAPE i1 §5Slet F70k-bet 1BOf hgh\f PRI REQVeME drivel®.PT8E 8Pt pick-off
invention is not limted to applications Incorporating

RPQors diomasn inl somarédeterd snd amdudds mhgnet dtrbeturmtiey shd odil stra¢ture 116.
the present invention coyld be us with other types. .
Elgipent] bht pieiths Sottameo fmawl%ﬂ@t &acqrogg%wi%%mg f@)bé%féamng from

. g
SRR, 05 AR s RRG RO DO EARES v D ne
pidkeofid ar@eaddRPO. aFidve nivg@kl 08 alhagtedwhin & esconbecdittcted via

on their right ends via neck 120 to flange 105, and
flapgesi ¥ and192. to Al pgpelgrevurthe ikl G 1 are the outlet 106

of nge. 105, left pick-off LP righ hCk=Qf f . RP

ana 01 danoRR ark® byl T i FongstEL By i moves the
frod€péiition BT A @ SSfccFBANES tHuk Hgs Hit@nalld tAe thadMold spacer may be

structure 116. Elenent 114 on the bottom of nanifold

sheypac dihe Pa8s itkatame sipeni ng Hor 2r beteiationgFiG. dmimadtiée outer end brace
el.gctranj ¢s. (not shown W not sh t hat ,

bt il J0Br inbiee prap e A 5, e kB uBE pesiop penings 205

anf’BP2, fdQWLPRI R K01 (25 Cﬁ%etfgﬂx& Wk RottSE1 4 91?,6216,taﬁg 217. In

connected via flanges 104 an 05 to a pipeline or
usd, ifloav tfble&102 aalid @R vabratet abdwathewi endafg dxdes Wland Wit &he outer end

100. This vjew renpves the front_portjon of manifold .
bragg %@&20110@35%% fﬁéﬂgﬁ 3 brasediAatO o1d 20 Welpdetsraine the location

of BBRAARE aKBYWOSd W,

According to the embodiment shown in FIG. 2, the flow meter 100 includes a
pressure sensor 230. According to an embodiment of the invention, pressure sensor 230
comprises a differential pressure sensor. Pressure sensor 230 is connected to the flow
meter 100 by means of pressure taps 231 and 232 to obtain a pressure reading. The taps
231 and 232 allow pressure sensor 230 to continuously monitor the material pressure
drop across flow meter 100. It should be noted that although the taps 231, 232 may be
connected to the flow meter 100 at any desired location, according to the embodiment
shown in FIG. 2, the taps 231, 232 are connected at the flanges 104, 105 respectively.
Advantageously, pressure sensor 230 may obtain a differential pressure measurement

for the entire flow meter 100 and not just the active portion of the flow meter 100. In
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shown. The parts that are shown on FIG 2, but not on
FIG 1, include outer end brace bars 201 and 204,

W0 pvensfasseace bars 202 and 203, right end fl ow PCES2008/062295
out| et openings 205 and 212, flow tubes 101 and 102,

curved flow tube sections 4, 215, 216, and 217
othgg @,m%PFiBWftt%rb%lgh £OEhGwR 1 évﬁﬁ)fei% tﬁﬁ@mswl‘r?etﬁps 231,%32 may be
o BT IS LT ERGnRERes AR SRRl prosre
mededremehns deb@ibeddattherbeddwbendi ng axes Wand W.

According to the enbodi nrent shown in FIG 2, the flow .

et E1G2180!sordiongesplarglite 9§ teraparatise e g, dndesridilngheerding to
theagm%gﬁﬂqqénqes@f&vﬁ?{ iﬁ rﬁg}: gfetﬂgl 2 epartlfr%syern%in%eag’\gaeszggmprise RTD

conprises a eren pressure sensor. “Pressur

serRORS OH oA et, Sit §RGI18 HeethdePstbbi® thdt WthdrefefipelfiPrebeMRANE devices
of pressure taps 231 and 232 to obtain a pressure

mayeled imglenTeheedt angsthe Jresond ip@ptian sbonldries derlemgeh s@RTD sensors.

.230.to0 .contj nuo noni t t he ,mat er.i ressur ro
SgphLFOGR At 1] 6650 24k ol o Bt b SaeiT e thcendodP that any
nuAbbP QWHTHNEnkGFRSMEY be AdFlchNtclCarkO N FhB AyviRint £ scope of the

flow neter 100 at any desired | ocation, according to
prashet iemtroinnent shown in FIG 2, the taps 231, 232 are
connected at the flan 104, 105 respecfively.
Adv &R EORFSPYIE BFses Rl agg e RII3ecnvays & &iehshgwn connected to
if & s r . t i . .
AR An PRSEAN A RASPLEIRID Lyl oGNS A ierivd i
FIG®e1 ethellRQ. adnagiepicemsidsinent $.PCs UIRIPOASs s drivdrI T which are
4 bel ow, the pressure taps 231, 232 nay be located in
shewie ipitJ&l. | heare lsthicemnackrsd o swtereeleetronyese dAnebledr. elypfeonics 20

oSS e AL BV ERSMERTRAN o500, T Shoss o
ratg GRRIrMELSEVIGR Ry 2fhpeRRtR! Graiguied ahMIRFODSH BBRacERRWEs can be

in FIG 2, the tenperature sensing devices conprise
serRTD dommsean prowey epntrolt angharundasivecnoerd exqutpoacnt tviratead 26. Meter

ot her erature neasuring devices be inpl| ement.e )
clegliitien a0 SRS60Ae PHEN § HRCTIRBEIAEE AL SHUVT PHSPER TBUHpgrmation
SR It Bt B, SR R oG T, e eRiife 0 Effhgdiment of
thes enveotien, mayteb eldcoohenelt edmarisessd ihbtd tiaive capdbie oftdteing known

. scope of the @resent i nvention. Both the %ressure . L
infgERsn oBGAlGH W eredepifegnation is

tady mfernstionn s gty getgicyals h

distcﬂssgﬁtf&rthé?lb%P onics 20 via |leads DP signal and RTD
signal, respectively. As described in

FIG. 3 shows a cross section view of a portion of the flow tube 101 with a
coating 310. Although only a portion of flow tube 101 is shown, it should be
appreciated that coating 310 may also form inside flow tube 102 as well as other parts of
the flow meter 100 exposed to a process fluid. As the process fluid flows through the
flow tube 101, deposits of the process fluid may be left behind. Over time, these
deposits form a coating 310. The coating 310 may cover substantially the entire inside
diameter of the flow tube 101 as shown, or alternatively, the coating 310 may be formed
in certain areas of the flow tube 101, while other areas are free from coating 310.
Furthermore, although, the coating 310 in a particular application may not be as thick as

shown in FIG. 3, in some processes the coating 310 becomes thick enough to
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FIG 1, the left and right pick-off sensors, LPO RPO

as well as driver D, which are shown in FIG 1, are
wab®o1sasmected to neter el ectronics 20. Met er PCT/US2008/062295

el ect roni cs 20 provides mass flow rate and totalized

mass. flow i mat i on. ditio mass ow rate.
subsiTsiathith g ¢ nhedéﬂg% gter tlgﬂpgg ah ﬁ?@%%ﬂ el Bidkesnough to
plug e 1% éﬁdﬁﬂa%ér%ﬁ@%e?ﬁséﬁ%n%ﬁ?&%% QVIRUTBF R process
fludetoeflow |tb1©1ugb niFos exdmpiey tha! fow Cu[h’prO Isda@ hasesin internal diameter of
interface that allows a user to input infaormation such

D, g Bowpygrg withstbg siopiing PR gresich the Remakalipwable dipgaeter in which the
pr %é?so gldnc%ntfpo%ﬁlﬁl% i 0846 e Tnvention, meter

el"ectronics FPSes a hard drive capable of

St 0IBebglisk NBWcdabih g rImet hﬁghtoid\ﬁé?degmaﬂfe@tdthenf)é}*fé'@idn@ﬁ of the flow
for future retrieval. This stor information i s

medérs 0 sthe presettemvisatiow, prevides 311t§mame amethods faedletesmining the

' t f '
prosie® A Reliin By i die o spete 0P bl esthf & WhE prior ar
me‘ﬂliW‘are Iliml%&pw @etban@gpwa%gamdoﬂlp% tﬁ@@&ﬁ&bggéﬂoz dTB¥he vibrating

also forminside flow tube 102 as as ot parts
seadfontdfehé lflow nbbeﬂO]],Oﬂ)%xtmomesbrtt on‘aenpmnaesspafollmoﬂdeté@mg coating

DSBS T B AL BT
f t:
ol WSSO AN AL Py T o,

buoifathidn ehé preveritubeentidh p&@vﬁb@ﬂtﬁmﬂive&hbtﬁbd@fdr\t&lte}cnng hedeviation in
coating 310 may be formed in certain areas of the flow
a flaw énqtgll pammqt@ ol b Alozt @a&éera?aéamﬁ@é M3yo e @aﬁtme@u@ment that is
rth aIt thec tin 1 rt| I
obglliJ pqd glgll § y negglg Qe dé Tedl Q% r&ewaﬁ? %Iy RW meter

aﬁ%@erﬁg REBFINSy &Jzﬁm(gczﬂw NGowdterPegRMBSntNhEl QIQUER deviation in
tosubstantiall'y plug the flow neter 100. Even if the

thecélarw m@etetlmeasun@ment ks cieeBnewgh as oplpggnggt dfe thid oweteretipeonsistent
it can reduce the SS.secti o I OV

TR, GROCESENT PIC DU DT oISt SRl e ow meter,

etct hehblepyre! H&ﬁ)r&ﬂé {08 BABEd R HrehBahv it R HRS ni%fthda% »provided
however , coating 310 present, the act ual

belaht dotedtl sediiztuetiara flow widtedpdrinacter,ocleisk nidyuprdvelam dihgnestic that

t hrough .is . reduced to D2. Because the coating 310
ﬁlrﬁh%ﬁ@"%ﬁ%@i@ells)?eod@feéct the performance of the flow

ot A qdio 16n RIS fiter! (ARLLD ! AVAAERLALESR Bone of the

erm ni ng rese coat
methddri deséritee df B@Wﬂﬁﬁt&br(ﬁﬂ@ to EM eiided e of in@elﬁlﬁdrg fa deviation in

a f?orvff meter parameter is detected directly from the differential pressure measurement
obtained from pressure sensor 230. At the factory, or alternatively, on site when it is
known there is no coating 310 in the flow meter 100, for example, a plot of differential
pressure across a portion of the flow meter 100 versus mass flow rate can be prepared
for a known fixed fluid viscosity. Based on this plot, an expected differential pressure
can be determined for a given flow rate. The actual differential pressure can then be
continuously monitored using the pressure sensor 230 and compared to the expected

differential pressure for the measured flow rate. If the actual differential pressure is

within a threshold limit of the expected differential pressure, meter electronics 20 can
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methods are Iimted to detecting coating 310 only in
the active part, i.e., the vibrating section of the

w0 b@wisaabes 101, 102, the present invention i SPCEPSIINE062295
of detecting coating 310 in all sections of the flow

ter. 1 i ncl ng the ni folds 104, 105. It shoul
Srigetisiheb dilohg idon i g t PRFENgP db detectide O %Wﬂtaélvely, little

de@igﬁmll AL tadn IR edA& ﬂtehfechbgfnm%tercé)ﬁ&h%r Bton’ ﬁteh Fr hand, the
present invention provides alternative nethods
me!iedtred tdiffgreatiglepriessuro fallsnowasitie o thetleeshohd dimgt, eneterl Blectronics 20
flow neter paraneter may be any neasurenent that is

Calb @@auth@dnqats@t%mqaé fon Buthee dxrestigaiofio B cerpdits epias cppediment of
the e%’tlotg,g%nt resehoflcli Mt L‘L prfs%r aﬁ?&e%fetérﬁnﬁe%ﬁ%ﬂt by According to

coatin wever, cause
anét@yt @hb&dinieht bmeﬁﬂl\%ﬁtlﬂﬁt e tieasold SifEnNs seSbyveluker ciliplrator.
as plugging of the nmeter, inconsistent tenperatures,
i ncdd@togglerthlswmes@l frevidesisatisfaciery besubb.etherhare faonmmber of

the flow net etc. Therefore, n
tin0RS SIS G (it oGRS PRES B hodse oGyl st know the
wskastlgwofﬂ %ﬁee?,to&s@ et | QdHitiBnaAly, |tR¥Vv'i%b§it Fi’ﬁ![s@%ﬁﬁfn substantially
whi ¢ch may provide a diagnostic¢ that furt
constuestTlgais wrause theguipeadd dﬁffe:telwmdtprcﬂsurmotaalfnbd\fmmtﬂw previous

m%éér%a”ﬁét%&é&'é B4 UGG WG BrCBRRASE HBARC rcosity of
the @%&et e caﬂsedﬁty t hﬁfltahgnga yf'lefh erfﬁttﬁ IR ANEN Yressure may

I rect rom-t ntla pressur
be msﬁtraﬁﬁem comtieibm efhet tom jaEss thecbeabaiig 2 3lse Adatingéndication.
factory, or alternatively, on site when it is known
therwaiirnociod: forggegint o ﬁ@wam@wm dow gpeicF rarameter is to
fferen |aI re Agross a
chara?tFnHz e?ﬂ(?\ﬁ %Iteft‘? ol0gs anl ori% il d %tieto te §Fnerally known

I‘SUS ma

an€ ar RRJRG SRALGE of RiidFIIW @ﬁ%dfdr%eﬁ diffdretitthl }5@%@&%! tDhey have certain
Based on this plot, an expected differential pressure

adeantagdse avet ot ﬁe@tetsot&laawtawra ﬂuiévﬂorvatoesedrhle aadiffigedntial pressure
differential pre re can t |nuou

bediuyt HiSeoroy NI Bos s BaeLr At Qeiie g sh OBeTa s woPsifing a plate

wi hOa g ﬁ%@%ﬁ?@?\ﬁ%&ftﬁé oid I?éf ?rﬂﬁﬁésﬂtﬁﬁ thOid & BRSY Fide. This

| ow rate actual differential pressure Is
redmtctlhm mn éhet droesiuekidndli ared pofvidddefoexved fled icfdasesethtivalocity head

pressure, er elect cs_20 c nsend a signal that
at s’ GERATaS i ig rprtssﬁérep %Let T A Trentad qugssugg can be measured by

pre%%]ﬁr%rt%?stﬂe\fgtleyandl Aftef Hfe Iggt\é' ﬁm%th{é%eﬁﬁﬁeﬁr(ﬁﬁ% gtlgf%ﬂe&ure a fluid

ter paraneter. he o

velseR$ i be dalﬁﬁlafeetrﬁals@d oPae st nf@lch 9s,aut sxdeplef the
threshold Iimt, neter electronics 20 can flag the

nea%prenuﬁt ffi urther investigation. According to (1)

one er?bW

Where:
V, = velocity through the orifice

B = ratio of orifice diameter to pipe diameter
AP = differential across the orifice
p = fluid density

C, = orifice coefficient
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the invention, the threshold limt conprises a
predeterm ned val ue. Accordi ng to anot her enbodi nent
w@Rowha2shventi on, the threshold Iimt is set PYI/HS2088062295
or operator. Al though this approach provides
sat sf ac sul t the e are_.a numher of :
I sonhed wafe @twﬁ jtaateqt %fcffques%%ﬁr@w%t& aefate a fluid flow
[
ratg Jsﬁ'{% aAggllﬁ::élé g%%c ﬁﬁd '& &éélvbc%d;slgsllk frg&% m}é ¥n %&aﬁlpfe RVIEF RRould not
linsuthstsaape af thy 1ﬁ0¢‘iﬁioantGen'El“algl il dfekauslendvires expeciedbured or are
differential pressure obtained fromthe previous
knpis UPERBNIST afhenPrificeh qorEidettualodivrlieh efft itypically determined

exﬁ%rﬁﬁ%ﬂglg% aﬁd g/glqg nﬁ?ﬁlt m8 %r EJ' ﬁia¥érs 5P %’s § c?tfl td'%ﬁerP({ ﬁ{: &3 Both B and

cause 0

thedR &Ry &R thiugdbe R VASSk i€a Hﬁiyerﬁﬁ)nfﬁésg ﬁhﬁdb@laéﬁd Rfdeﬁned as:
condi tion_ot her than coati ng, thereby giving a fal se
coa ngDmdl cAtrion. Another nethod for detecting a
devi r}lln_flow neter paranmeter is to characteri z&)
t he flow meter 100 as an orifice neter. Orifice nmeters
arevgenerally known and are used to neasure a fluid
flow based on a differential pressure. They have
certain &uvaimmagjes over other neters that measure
fluid floaw based on a differential pressure because
they occdpy aneiese ligeid e, An orifice neter operates
by provi di ng @\pl atﬁ with a hole in a pipe, where the
hole is maltér" i1 the dianeter of the pipe. This
reducti op < flufdRnsitpss sectional area provided for
fluid flow increases the velocity head at the expense
of the pmeskinemahedldid Tikéasitgi f f erential pressure can

be asured pressure taps bef re a after the
pl af & H@&Vr?é%ﬁénﬁtﬁ%s theeertiis st ﬂ??ta%dp%‘?élﬂﬁr dmagt constant and

is ﬁﬂdéhgnd’e%lt 96+ Reyhaf’ sb%u\ﬁl-\%gfsggﬁéaﬁeq {R&s le%g&&n%ﬁ HAYBLIPN Like an

suc for exanp VO = veloCity t rough the
oriﬁr:é fmem ﬁqerﬂas\atrne:teloiO(b expareacel ameharrablo doopén preaset @and can be
= differential across the orifice p = fluid density
Vlewd%cmqri i 1egfe¥ 15 Todr iNtFIShdul d be under st ood t hat

ot h%r[Geﬂ WAL OB% ﬁé\g KAQ) (}1905(1‘1 n%ldl I?lnad é k%’lnge a4 1OX¥1(1 connected

rate usl ng an oritice neter an eqa
to abt@Xaeqtdhics 0. Cin FGUd tHeointdrha §trdcﬁﬁ‘e S:foB@ kv hivger 100 is not

i nvention. Generally, al | of the unknovvns can be
shomemsbiterather, theeflow meter 100 is shown as a simple block diagram. During
experimental testing, the flow meter 100 can be characterized as an orifice meter. In
other words, the pressure sensor 430 can measure the differential pressure between the
inlet 410 of the flow meter 100 and the outlet 411 using the pressure taps 431, 432,
respectively. With the variables of equation (1) either known or easily obtainable by
measurement and the flow meter 100 determining a flow rate, a flow meter coefficient
can be determined experimentally. The flow meter coefficient being similar to an
orifice coefficient. Once the flow meter coefficient is known, a flow rate can be
calculated based on the differential pressure across the flow meter 100 based on the
same principals as a flow rate is determined using an orifice meter.

During normal operation, the flow rate measured by the flow meter 100 can be

compared to an expected flow rate obtained by a calculation using equation (1) or a
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known, except for the orifice coefficient, CO, which

is typically determ ned experinentally and varies from
woregoen32e8 neter. It is typically dependent on POI/KS1908/062295

and the Reynold s nunber, which is a dinensionless

nunber and is |n d as =p =DV (2) mu \Were: D
s e wed” eﬁﬂgcé‘éﬂtfngglpﬁ’ gaé%gﬂfi ﬁ%% egitige meter.  If the
ex éc?&f)ﬁb@vyra@e Talfs! Sieidd &S fedhoTd lﬂif@éar ¢ fro%r} HieYflow rate obtained

iscosity For many orifice neters, e orl
frooo éfef flew endter O, mevBelostralion30 nmrﬁgmita @‘Wiatlcﬁl in the flow meter
| ndependent for Reynold's nunbers greater than
par@m%rxu Thgrdaviation, o@ode cryeed R the prasercericonting A0 tigyp the flow

d1“3()r0 ]Ig(gwgv)%? etthl 91%1?’103 uéa%?éc? Pgr (9186'[ nr}%&tﬁgrs i lﬁ_lce_fttlng 310.

can be vl evve as an Ice ne as S

If 6|n thel dtherhanlOMR ckxpectbd ﬂanffaEeedSbt&ﬁ@d PO hhiaenteRing theiflbwameter as
pi pel i ne 401 and connected to neter electronics 20. In

an prifice zfalls Wwehinna threshiold drfﬁmnﬂeeafdhe trtﬁ:esurb@\ﬂomstaéfr ohtgmed by flow
met er

meid 10 ROREMecBohicirad i B! KT 0P dition”in® 1o low meter

alta%%ttérn it sﬁ&lﬁdfﬂe%dg%ﬁ?d'd thaPeaRrlRoehArRLEhSE h?a%%eaﬁreﬁé‘termmed
orifice nmeter. In other words, the pressure sensor

or omy breksarmenddiley g bpenenbasdd qr ths parteubmtomeemstanees.
inlet 410 of e flow neter. 100 and the out]et 4 11
usi AGof @@Quf«% %fﬁ%tl%s the prepenge @E deyBfign Wy ppflow meter

PR 5 s SR Al e OferaPRAT GRS ¢ proviousty

m@h&bﬁd&dmpwpmlct&sf Isotey usatefricaiohl favtonedueh a8 aké ffimiien frietdon factor, f.
be determ ned experi nent aI ly. The flow neter
Othgefriqtionefictaseiang gsnerallsr rtocwramn dhe fartcsuckoas fﬂﬂfb iRagy Weissbach

frlcqn 1001 Bagp % ]:Nlh? a{ge %)%L% %ef f 91 ah(?c'lflgr L Id st c? Wt e particular

i ar - pres¥ure
fn@efdrpﬁa%tdrh@seﬁl1@\Mdﬂeﬁ@brta&0fob&ﬁ@q)u%bsw @f&mr@éhmﬁw@ﬁdl&q as any

as a flowrate is determ ned using an orifice neter.
applicable equations can be adjusted according to the friction factor used.

It is generally known in the art that pressure drop through pipes can be quantified
and adjusted by using a friction factor f. First, it is important to understand how to
characterize a process fluid flowing through a circular pipe. For the purpose of this
embodiment, the flow meter 100 can be characterized as a circular pipe having a known
inner diameter and length. One important number in characterizing fluid flow through a
pipe is the use of the Reynold’s number, Re, described above in equation (2). It should
be noted that the tube diameter, D, can be easily determined and is generally known at
the factory. Many flow meters, including Coriolis flow meters are capable of measuring
fluid aspects, such as the fluid density and the mass flow rate. From these two
quantities, the average liquid velocity can be calculated. The fluid viscosity can also be

determined based on a known, a calculated, or a measured value.

The friction factor of a system is defined as the ratio of the wall shear stress to

the product of the density and the velocity head (72/2). It is often useful for
incompressible fluid flow systems to characterize the friction factor, f in terms of the

Reynold’s number, Re. The exact equation varies depending on the particular
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During normal operation, the flow rate nmeasured by the
flow neter 100 can be conpared to an expected fl ow

WO 2000/10426%i ned by a cal cul ati on usi ng equat i onPCIYS2908/062295
asimlar equation used for calculating flow rates

based on orifice meter. If the expected flow. rate :
ChzfraFtF%‘Stb%t%afi%&éh i 156 i oischepited RERGD THghiiarauid i fowing. T
sh(‘hﬁa eoeoﬁﬁ@ér%g%ftﬁm%h@ akiBHs TRcefo1bQ0 are”ﬁkﬁély xamples and other
el ectronics may S|d%al a deviation in the fiow

sinmiidre¢quptioasTate pencthily dewvivat inothenmy. bEharafisedthbyeduatdons outlined
resence of coating 310 within the flow neter 100.
beﬁ@w@wﬂ

d nphEmdfethie SEPRMOTHYP IpECRiNNs eolpmipaeiew rough a smooth

. ot here t coat | the ot her hand, the
pug&gggqgggﬁP%%g?QE%I%%ggF%%g%%§j§haracterizing the flow

meter as an orifice falls within a threshol d

di fference of the neasured flow rate obtained by flow

met ey _1®0, neter electronics 20 may signal little or 3)

no devigiion in the flow neter paraneter. It should bé

understood that the threshold difference may be

predeterm ned or may be determ ned by an operator

based on the riicul ar cjrcupstances. . Angt her .nmethod

For Tiapaehg! RbuitBawdhicr s S pish Henietiph giyior. /can be
chiBt@fizRpsanmet er, whi ch provides higher accuracy and

broader applicability than the previously nentioned

approaches, is to use a friction factor, such as the

fanning friction factor, / Oher friction factors are

genetéllyzgggl AM|ihgsart such as the Darcy Viissbacly,

frigffom factor, ich is approximately 4/ 1t shoul d

be understood that the particular friction factor used

is not inportant for the purposes of the present

i nvention as any applicabl e equations can be adjusted_
acc&uptien () cae ber headi vithf ereserables agcurpey ifer d@rrdketli0y.  Other

known in the art that pressure dr t hrough pi pgs c
caif IR0 A5 PR o e R0 BRTE R ZEpnt MRS, BlsPREbRfs mumber
sudi4st, It is inmportant to understand how to

characterize a process fluid flowi ng through a

circul ar pipe. For the purpose of this enbodinent, the

flow meter 100 can be characterized as a circular pipe

havi/ng -#0&fown i nner di aneter and | ength. One (5)
i mport ant nug?gr in characterizing fluid flow through
a pipe a4 e of the Reynol d's nunber, Re, (6)

deséribed abRw& in equation (2). It should be noted
that the tube dianeter, D, can be easily determ ned
and is generally known at the factory. Many fl ow

T TS TG Sl L S 528 Sl 0
getidrellymgslidabtavfor 8t00.0<Reedx t 0fe SRastdvon equation 1 and any of equations 3-
6, the friction factor of the system can be determined with the only unknown being the
viscosity. Depending on the flow rate, changes in the viscosity may be insignificant.
Alternatively, the user could enter a nominal viscosity.

It is also generally known in the art that the friction factor f can be characterized
in terms of the pressure drop AP through a system as follows:
DAP

== (7
2V pL
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quantities, the average liquid velocity can be
calculated. The fluid viscosity can al so be determ ned
wha®eds«ms a known, a cal cul ated, or a neasur edPHUS08/062295
The friction factor of a systemis defined as the
rat'é)ﬁ%of_ the wall shear stress to the product of the
denst§“and the velocity head ( V 2H). It is often

usef ul prgmﬁglg?{ﬁ?%érgéﬁr%l uid flow systens to

characterize t ron tactor, / in ternms of the
Reynol d' & -niomigér of thbe bdtwecarpacdsu@qupd | on vari es

dependi n}l on the particularcharacteristics of both the
fluid as/weretigfacky pi pe through which the fluid is
flow ng. Jt shouiI;rg g‘e linderst ood that the equations
that fol Pow?¥4F@8eEii Ve'eBhmpl es and ot her simil ar

equat i ons _ape; rally known in the art. Therefore,
t he equa?iﬁﬂgldgcﬁetﬁﬁ&ﬁed bel ow should not limt the

scope of ObHheubodiemeicon. For | am nar flow through a
srmothdp!ieére, the friction factor,/can be characteri zed
as: Thg)differentialcpigssusa can pgrobtaiped by mressuewsanieioedds the length of

h_pi he fricli , , -
RO Bl R A Gl By, D50l gresres e
didRgat EMNaltd be GARIP erdds@EdiHeINigaRABAP ke 86 GBEAKK freM the flow

104<Re<10 6. Qther equations are al so known for
met@r 108, and thy avieeageniebadityreah detabtained bared Reytho s flow rate and the

nunber such.as: ./ = .04 [. = .00 + - Re .
deﬁ@d@%ﬂfﬁz@fmmsthgeﬂ@? élilfﬁﬁ%ﬁ -{Fﬁ%{ﬁ@é% P o5 dhegissizklih oy he righ
had Qe o?G@%&io‘ﬂrUf Edn bStRgAeral Iy applicable for

3, 000<Re<3xI 0 6. Based on equation 1 and any of

equatdcorisn@to £ erhhedifwenc vt the iheatton, eididgnestsy stgenemanl based on

be determned with the only unknown being the .
the,preseise of a doxisinaing v m%erfnaaw%taﬁ By colmaniyes 2 calcplyged friction

facEééIZ 00%6{8%(? 8@%@%@@3&%%%&%%{@%%% gﬁs%egc?é'cf]ﬂwti\éﬁlfﬁctofﬁ? The expected
friction factor f, can be obtained in a number of different ways. According to one
embodiment of the invention, an expected friction factor f, can be determined either at
the factor or on site, when it is known that there is little or no coating present. The
expected friction factor f, can be obtained based on various flow rate measurements and
therefore a curve of friction factor v. flow rate can be prepared. The expected friction
factor, £, can be prepared in advance and stored in meter electronics 20. According to
another embodiment of the invention, the expected friction factor £, can be calculated
based on a correlation to the Reynold’s number obtained during normal operation.
During normal operation according to an embodiment of the invention, the
pressure sensor 230 can obtain a differential pressure measurement of the flow meter
100. Additionally, the flow meter 100 can obtain a flow rate measurement. From the
flow rate measurement along with the differential pressure measurement, a calculated
friction factor £, can be calculated from equation (7). This calculated friction factor f;
can be compared to the expected friction factor f.. Variations in the two friction factors

are indicative of a deviation in the flow meter parameter. According to one

embodiment, the deviation may be caused by coating 310 in the flow meter 100.
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It is also generally known in the art that the

friction factor/ can be characterized in terns of the
WQL@943381268 drop DP t hrough a system as fol | ows: PET/ES3089/062295

2V pLWher e: = Differential pressure L = Iength of

t ube het re sure tap = friction factor =
Hopryenda o\ﬁﬁ LGERS, L dserE}t{SPPdna% gicpysep by Qtll}sreswuatlons such

u - y,
o B R RN 1 LSRR AT 1
caloelavueiefictibe fatess tilb walpa a2BieshaldAimanf e eqriled friction factor £,

neasured; the tube dianeter can also be easily
mesedeqtemicst Jecan determiandiat itharmagy 1t deriation iopkesens in the flow

met%ﬁ%r%ét%gai t&n? Eaﬁr’ﬁ/ %@ea Qﬁcul‘%te‘&cﬁld oﬁ ﬁgctgrg/r‘ﬁsfa{ls beyond the

nmass ow rate an

thre@sd liedt bf s é)ﬁ)%cﬂceHQWCHBﬁ €ictdO0R; méherefcdofics a0 cf send an alert
the variables on the right han “si de of equation (7)

thag sndpaatieunuy w@:@msdnmglthm the Baboaiciee marashetehe According to one

oA L o R B A BBy o
paffRIRRTIGE e R el iR HEQNALBGYR toPARRL Rt diment of the

differential pressure to an expected friction factor
invEhgorxhe threchald liotii imay bacdkrmines anantelby thbuis¢rmedpieratar.

nunber af differ en(;1 ways. Accordi g g to one en‘oog]d‘rent
of 111?16" Kieanto 8Vl ﬁge%{bé@t'uéﬁef PICEICHIOR Facabinge panong other
thlﬂgst ecﬁ @tﬂo 'Iﬁ%}ﬁﬁls@tdl ?1‘3]11{635 48%iaflbn O 1 FiGw MERP p'a{laﬁ:'l&er in the

e or no coating present

ab@xpeof eﬂ ef;mﬂ;t kriowd datdoviScsan. baepehdmgrtﬁﬂthlealscﬁ;d 418 of the fluid, a
various flow rate neasurenments and therefore a curve ,
smgll ¢hange j iBnvibeasttyr may Hqtoms‘#létlé T &H fﬁentm efungel.inThe Reynold’s

C riction factao red in
8 BratlcC bl AgtaBE \Acosty IpfEBs A RSB Reknpishayy o further
nedPtoAneAdues therkediignt of the invention, the expected
friction factor f e can be cal cul at ed based on a

cor MIcaltdn@ ta enather ®eyedigns of thebiew colinraiandayiation mga flow meter
parameter ma pge ﬁet'e&%a using temperature measurements. As the process fluid flows
through the flow meter 100, the inlet temperature and the outlet temperature remain
relatively close together. Similarly, the flow tube 101 and flow tube 102 remain at
substantially the same temperature. According to an embodiment of the invention, the
flow meter 100 includes two or more temperature sensors, such as RTDs 240. Although
FIG. 2 only shows six RTDs, it should be understood that in other embodiments, the
flow meter 100 may include more or less than six RTD sensors 240. The RTD sensors
240 can monitor the temperature of the flow tubes 101, 102. Coating 310, for example,
may interfere with the fluid flow through the flow tubes 101, 102. Therefore, the
coating 310 may also cause unusual variations in the temperature gradient from the inlet
to the outlet of a given flow tube, either 101 or 102. Additionally, coating 310 may
cause a temperature gradient from flow tube 101 to flow tube 102. Plugging may also
affect the temperature gradient because little or no fluid is actually traveling through the

flow meter 100.

14



10

15

20

25

30

During normal operation according to an enbodi nent of
the invention, the pressure sensor 230 can obtain a
waledopasesg i al pressure neasurenent of the fl oweBEUS2008/062295
100. Additionally, the flow neter 100 can obtain a
the fl.ow rate neasyrenent .

fl ow rate neasur.enent
al oﬁ‘&ewf?rﬁ a?@rwgft@ra@n?mﬁ&lmﬂaggﬁﬁ%e HYgatipe R Aeviaton in a flow
me@&J iu‘ﬂ%faeg r§2{§) %1 'd@tréctfe aante 1‘38 . f spec:1ﬁca11y,

t1on 'S ca ate fri t|o ctor ca
acmdmgr&ﬂah%mh@dlmeneaifemef mivehticn 4 aiet/mltlon May i e Id@f&mined by
in the two friction factors are indicative of

a
traglgipe 2t GhaRLS M Eh@éempéwﬂﬁétgé? igpfrohteined frope pwreithag ang temperature

se%%ﬁ SJ%O% qflftg V&ehg Ogﬁgor}dﬁ%ytob%ng aet%zk?o%lr?lgntc C{BE 'tgl%perature

orei&Rdi FRAkEed tHhen dﬁ\ﬂﬂ@t bP ety BEctERUNEE HY 00lIAEST the flow meter
S|tuat|ons such as p ugglng, i nconsi st ent process

100 uhetoniling Lo eanothestsinabodimenthef fheoimesatidn, the teraperaturé gradient is

t he culated fric n . factor f
g s oft S0y b thE SelBEhGk hiter 200k Miclnt floy fube 102 of the
ﬂo'iKEhl%'Eerei(ﬁPt [A%Eb&ﬁngz% Qﬁrbn?&id%%tr‘éf E}J&a&v@ﬁﬁ&ﬁrcoaengmo may be
little deviation is present in the flow neter
deteatedndt 2 rtempéraamet gredenhexcdeanda telhlpertaaire utradiedt threshold value.
friction factor falls beyond the threshold |imt  of )
Acepding K ong &mquém%tn th%@weratuﬁ%tg&dl%l}tébquhﬂﬁ ¥alpg comprises a
| er i e
prfRRCRA Bup v cchiifte Fo AR AbORINCRE AeoRflcrature gradient

thresmﬂdiism&mémﬁﬁed bjéahl@Mﬁﬁtdp@fatoﬁ he threshold lim t may
redet ermi ned based on the particular flow neter or
f | ol sprie Rprkadigentssthesdewrmeiey 196 fﬁ%bm?élidee%rwfﬁéwe gradient

eveale tnge Pl;?ﬁ ng%‘%%g% o%n?t\ éie%ﬁtlg)lﬁqreeﬁgerpp crg:g d"’ﬁ%rtg an embodiment of the

inReelbA, @Nddv@atRnOWias B Rbech&iC Bﬁs”&ieoﬂfeﬁ@h%% Oth @he already existing
coating 230, anong other things, this nethod may al so

teroearatund gradiendievi ation in the flow meter paraneter in
n_exact

Do pd DGR POME TPV s TR R AnFa g spdiie a deviation in o
ﬂo%h?ﬁ&@r Pﬁ‘ra}ﬁie%é}o§f LY FIBRY nedr [WmAcéd?%iﬁlrgéfbb%haéﬁlb@dlment of the

change in the Reynold's nunber. There an aver age
invensions they dowiptibe innfiet floy higeruperamatert heyt be msedt ta)ergenerate a

need. to rreasure the. viscosity, According to anot
diagrasfif MEHEh BRYtHsenficoEYe pgﬁoatglgd eﬁ,ﬂcgtqfdﬁe imethods 189\],udes different

ad%tte? esPahgmater P lﬁe A&hEE! ?@BIH)? ?Ig 8{\/\13’%?0 G L&% hgle existing

renents process

c1r61hrﬁWaﬁwsafr éh@ﬁ)mérﬂewaﬂdﬂtﬂé Sereesfathy ectBods dley doit 4 @btection of a
tenperature remain relatively close together.

degpipn i p paranieiert inghe ebisace of agleviationvin thihBowoate mpgsupement. In

add t[lon, more than one method or all of the methods discussed above may be
incorporated into a single flow meter system. Therefore, meter electronics 20 may
compare the detection of a deviation obtained using one method to the results obtained
from another method.

The detailed descriptions of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the inventors to be within the scope of
the invention. Indeed, persons skilled in the art will recognize that certain elements of

the above-described embodiments may variously be combined or eliminated to create

15



10

substantially the same tenperature. According to an
enbodi nent of the invention, the flow neter 100

WO p@basess t Wo or nore tenperature sensors, SUuCPCEHBESHRIEN62295
240. Although FIG 2 only shows six RTDs, it should be

nderstood that jn other enbodjnents, the flow neter )
furias crap AP REN N dBich TRNgreabadiERenis (] erthi Shesoge g teachings

: .sen It.ar ture
of IS FERBE" 1011 369 SETRO G b0eof SERRESLNS i9ind BR i
abovd-é¢deeibed winbbdinfenitd hiaiy befdoavbitidtd mugholehue i Ipaww tb wbese additional

101, 102. Therefore, the coating 310 may al so cause
embrdEpeiits wathimthesaapq #nd q%cftlaﬁﬁp@f?th@ dPengpRdi ent from

thed.nl et 40 th I . iven flow e.. either .
101 157538t ePiica iy SAioal HE "o SRR o bl Shveniion are
dedc@ibRe Matdif o001l Ridireie ﬁﬁr@ﬁ%efs! Owiédéb&luk%leﬂt%édiﬁ%ﬁdiﬁ%re possible

102. Plugging may also affect the tenperature gradient
withe theswope pf the iovenionf huthgsé skiled umthicyretevamtedrt wyll recognize. The

t hrough the.,f.l ow neter 100..Therefpre. accordin 0 an
tedggen Hranied P T b BHod 30 Gubh S o g o TRleTS fhd fof fust o the
enfWBlifheR@BNERIHRE dMBYe REdABbRATIBRANPASECmAthyAnS FH¥RRSAt NE&ordingly,

gradient. Mre specifically, according to an

theestpel ofrghret inoaéntioneshbnhMderet davermiaedl&wirathic doll ovaipn glodaims.
determ ned by tracking a change in the tenperature
gradi ent obtained fromnore than one tenperature
sensor, such as RTD sensor 240. According to one
enbodi nent, the tenperature gradient is neasured from
an inlet of the flow neter 100 to an outlet of the
flow meter 100. According to anot her enbodi nent of the
invention, the tenperature gradient is neasured from
one flow tube 101 of the flow neter 100 to anot her
flow tube 102 of the flow neter 100. According to an
enbodi ment of the invention, coating 310 may be
detected if a tenperature gradi ent exceeds a
tenperature gradient threshold val ue. According to one
enbodi nent, the tenperature gradient threshold val ue
conprises a predeterm ned val ue. According to anot her
enbodi nment, the tenperature gradient threshold is
determ ned by a user or operator. In sone enbodinents,
the flow neter 100 may include a tenperature gradi ent
even in the absence of a deviation. Therefore,
according to an enbodi nent of the invention, a
devi ati on may be detected based on a change in the
al ready existing tenperature gradient.
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The descri ption above provides nmultiple nmethods for
detecting a deviation in a flow neter paraneter of a
wo b@wiseeser 100. According to an enbodi ment of PETES2008/062295
i nvention, the deviation in the flow neter paraneter
nggé ge used to generate a diagnostic, which may be
i ative of coating. Each of the nethods includes
VV@E&*ﬁ;ent advant ages and the particul ar nethod
enpl oyed may depend on the existing circunstances or
1. equidpnetiioddondétadtirgy a Soreti@f inthBowehdtodsaramey dodipriing the
detection of a deviation in a paraneter in the absence
stegf Of deviation in the flow rate neasurement. In

addi ti &Q%Sugigr% % &iﬁ%nglgleprg?sﬂllrjeo ch8§ s d lléas? % pgﬁ%nnﬁttﬁg ?lﬁngmeter;

di scusse ve nay I'ncorporated Tnto a single

met er &ygieie thOacaliaee diffRteial Pk@Shcqdiad exgltd®ifferential
conpare the detection of a deviation obtained using

one net hotestwetbhsed esthetrseasbredi fhasd réteoandanot her

nmet hod, ,The det ail ed .descpi ptions of the.above

erbod driei Ded s aR A B RyaSEadmsity 588 difreenee between

enbodi M SmEAMNEIPIFREGHiaPYrekdife WAY BIY Gipicted dPFerdhbdliglessure

the scope of the invention. Indeed, persons skilled in

the art wkddeds etlogshadé linhat certain el enents of the

above- descri bed enbodi nents nmay variously be conbi ned

or elimnated to createfurther enbodi ments, and such

fur r i L. i t i : : :
2 t eac ?r%egﬂzg(?g{ ﬂgﬂlltl Evﬁe'“ﬁ%hleg%\é.)ﬁlﬁla\rl\lﬁ& Iiafe %‘g@ gFggg%églgrae%ltf ferential
prdseurchosss eHe @itide flatwymster.! | in the art that the

above-descri bed enbodi nrents may be conbi ned i n whol e

or in part to create additional enbodinents within the

SCOo an in of the,invention...Thus, althaou
3. 3 pedip PR ERAERT R be N WP g it pRsIE W9Based ona
knbWH et Fmi@vRcolgscri bed herein for illustrative

pur poses, various equivalent nodifications are

possible within the scope of the invention, as those

ki di h | t i ' Th ) )
4.7 eadh wsthod 86s1agn ThaPerl etxpecEIRGRARD rinur it phigined
ol B o ARk J e RARAULIRDL sdlpsae! bec

above an t he acconp ng figures.

Accordingly, the scope of the invention should be

determined fromthe follow ng.clains. CLALMS W claim
5.1, Khﬁé@eﬁ]&%& P ?1aw%t1eﬁmhﬁg<:%na%w&meoﬂep Af sforing fheatpssted

GifPALATR LSl u QIR h &I LGS eps of

6. The method of claim 1, wherein the threshold limit comprises a predetermined
value.

7. The method of claim 1, wherein the flow meter comprises a Coriolis flow meter.
8. The method of claim 1, wherein the deviation in the flow meter parameter

indicates the presence of a coating in the flow meter.

17



10

15

20

25

30

measuring a differential pressure across at least a

portion of the flow neter; conparing the neasured
waledobasesg i al pressure to an expected differ ent¢CHIS2008/062295

pressure based on the neasured flow rate; and

detﬁgtiqug?d viation. in the flow neter paraneter if .
9. t he AuMefOddRE €etBeinaeR AR A TP W ANGIPY PERRIRTE Jomprising the
steg’é ggsure and the expected differential pressure

xceeds a threshold limt. 2. The nmethod of claiml1,

f ur t henmessanppiasdiffgrentiel ptejroficrovabs fiomgmater;

differential pressure across the entire flow neter. 3.

The met@datsie ¥ anerted find flemrathiased ga dhedifferential pressure; and

di fferent] S j i £ i d

i scosilyplpethp BRI TRA T BFRER 17, @ AORu G fflad b Fate ana

expect ed delictfis gabiiatioR LG Uy hietdPapdrider ffiRdi#ference
previously prepared plot of differential pressure v.

f | ow r at éctvenThemeesuiod flofd dowirate Bndtthe edeylated fluid flow rate

conprising the ste f..st.oring the expected
di ffer enfg%qegﬁflzl%rgéhogdihmlg nmeter electronics. 6. The
met hod of claim1, wherein the threshold limt
conprises a predeterm ned value. 7. The nmethod of

10cl ailhe hpethdrbo£clain Bewhéewm thetseap afaapnilaeg @ Qpectot iflsiid flow
f|OM/ﬁEte£. 8. T%S nmet hod oL ngIn]” wherei.n the

ratg GOMRFISEINE Stepid CppgfieRigtierthp AloRnBetss 19 AyPEHERBICtYe
presence of a coating in the flow neter.9. A nethod
for detecting a deviation in a flow neter paraneter,

1 1 confihe $hdilod bclsine 8, fukthene@npiiding tiee Wi dLd@erinialng a flow meter
pressure across the flow neter; calculating an

coeffisiedt-ed fluid fl ow rate based on the differential
pressure; and conparing the neasured fluid flow rate
to the calculated fluid flow rate and detecting a

12devirakingihédot O18ink 1OV ubiBEEEoRBARR HRY stéf of i6ring the expected fluid
di fference between the neasured flTuid flow rate and

flovhratecml roefientledtrétios.d f1 ow rate exceeds a threshol d
l[imt. 10. The nethod of claim9, wherein the step of
cal cul ating an expected fluid flow

13.  The method of claim 9, wherein the threshold limit comprises a predetermined

value.
14.  The method of claim 9, wherein the flow meter comprises a Coriolis flow meter.

15.  The method of claim 9, wherein the deviation in the flow meter parameter

indicates the presence of a coating in the flow meter.

16. A method for detecting a deviation in a flow meter parameter, comprising the
steps of:
measuring a differential pressure across at least a portion of the flow meter;
calculating a friction factor based on a measured flow rate and the measured

differential pressure; and
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rate conprises the step of characterizing the flow
meter to an orifice neter. 11. The nmethod of claim 10,
wo erovharegonpri sing the step of determ ni ng a PCDWS2008/062295
neter coefficient. 12. The nethod of claim 10, further
conprising the step of storing the expected fluid flow
Fate |SOHRYEE taF sury Biddiction cieido paienee 64 edtia gfor based
wher ei n i3t i i
val ve, 137 T4 BeESPR fol i ar TR RS, ARl RS B O et
met er coppranses idtHeatiffotense betowenelicecalculated THetiorefaotd and the
of claim9, wherein the deviation in the flow neter
par anet e fXpasidiitcsien farongxcsedicathpeshgldclb®it ng in t he
flow neter. 16. A nethod for detecting a deviation in
a flow nmeter paraneter, conprising the steps of:
17meaqhe indh@d 6f bk @0 whéreR B8 Stéhfralcaftingta frR@6h fator
portion of the flow neter; calculating a friction
cofpuitesruspEsihd egnatéoneasured fl ow rate and the measured
di f ential pressure; andconparing the cal cul ated
fErction factor to an expected friction factor based
onit neasured flow rate and detecting a deviation in
the flow neter paraneter if the difference between the
calculated friction factor and the expected friction

factor exceeds a threshold |imt. 17, . The t hod _ of,
I8¢ aill I%e,thwe]%f daim {hevaersp Be eé@?%%{ Hiqtiog fggt?? S@bitajped from a
. ses using the equation: DAP J -9 2V pL
prey R Ghe AR

of claim 16, wherein the expected
friction factor is obtained froma previous
nmeasurenent. 19. The nmethod of claim 16, wherein the
194i f fle apathed obelay i ewhereinetis gifdercnidd] psesstreas anfapyigd across the
entf.I 0m=,~tg?rr. 20. The nethod of claim 16, wherein the
é%?gfféifgbe tiction factor is cal cul ated based

20.  The method of claim 16, wherein the expected friction factor is calculated based

on a Reynold’s number for the measured flow rate.

21.  The method of claim 16, further comprising the step of storing the expected

friction factor in meter electronics.

22.  The method of claim 16, wherein the flow meter comprises a Coriolis flow

meter.

23.  The method of claim 16, wherein the deviation in the flow meter parameter

indicates the presence of a coating in the flow meter.
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on a Reynold's nunber for the neasured flowrate. 21.

The method of claim 16, further conprising the step of
waee@pisug68 he expected friction factor in meterPCI/US2008/062295

el ectronics. 22. The nethod of claim 16, mherein the

ro meter, conpri ses Corlollsflowrreter
lalegxodcf%a@f:qtelg AAGTEHON VOO ITEET BHARLS. rfé)rl@nrbwg the
stepﬁBFr paraneter indicates the presence of a coating in
flow neter.24. A nethod for detecting a deviation
in a fieayunegerflpateeeteiperaaoop b plurglitynef 16¢2foss;ofnd
nmeasuring a. flow tube tenperature in a plurality of
| ocat | GHEHatHR eameratate giadignt kayed pathe @eatused Eperatures and

based on gLfig: APRSESAo] FTREAAELS AN AELECH DG Araed

deviation'in par ame

cal cul at egnp&apes atadlcat @X@@d@mterﬁﬁ&@tﬁ%%@dleﬁﬂﬂﬁé@bme
gradi ent threshold. 25. The nmethod of claim 24,

wherein the step of calculating a tenperature gradi ent

25? |oo | Seez]p C(? ﬂfélfll%% gérl] %ﬁ?rgwnzﬁg %t uog%?%@?egljngg}teﬁgrrgmre gradient
cofBlifQta®ful iR MedtherMiR & hﬁ‘leﬁmoﬁtaeﬂb@fm&@xl Pt 38 h TwAmeter

tenperature grad| ent conprises calculating a
outlgnperature gradient froma first flow tube to a

second flow tube. 27. The nethod of claim 24, further

conprising the step of detecting a coating in the flow

26Tet §0 'nfletﬁ&?ofz i E@t\@ e GRE %%@%f%ﬁ%?&%ﬂ%% dﬁe&?@ﬂ\?&% r%radlent

by rmretant old Timt.
Coﬁﬁrlsmﬁlﬁiﬂgf}ﬁtemmﬁl&t grti@ieqt @oinenfirst lo@sthbe ¢ 4 second flow
predeterm ned. 29. The nmethod of claim 24, wherein the
tubfet ow meter conprises a Coriolis flow neter. 30. The
met hod of claim 24, wherein the deviation in the flow
nmeter paraneter indicates the presence of a coating in

27t he Thb oNeth&d 8f claim 24, further comprising the step of detecting a coating in the

flow meter if the calculated temperature gradient changes by more than threshold limit.

28.  The method of claim 24, wherein the temperature gradient threshold is

predetermined.

29.  The method of claim 24, wherein the flow meter comprises a Coriolis flow

meter.

30.  The method of claim 24, wherein the deviation in the flow meter parameter

indicates the presence of a coating in the flow meter.
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