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information for materials flIOWONYMBTERGPARAMBEER: in the flow
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an appl i ed 491 j09&r anldor & € 14501 deNTE.i Syadth phals eThese AoMIrheté®itab@bnd bx@@re
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t hr ough t kenduitswf seeight ocanved renfigyrativg. dRasheoadeh cpdigvrativnong Cadolis
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When there is no flow through the flow meter, all points along the conduit

oscillate due to an applied driver force with identical phase or small initial fixed phase
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
25  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

30  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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V\D 2009/ 134268PCT/U S2008/ 062295 generally referred to in the art as
"coating." Depending on the characteristics of the process fluid, the
fluid coatWRgUUeas26f may not affect the flow neter's p&CTOISANRNE2%nd
accuracy. Al t hough the coating general ly will not affect the flow
meter's st ] Low, mqg%;é (0] S
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Because of the aboveé problens, along with others caused by coating,
it is desidownlcr it gorde algmwéanm&aﬁ conplete feplacemontrodties flowatdterg. Pri or
art diagnostic thoﬁa of de ? Ifb Wtrlrete coat i. ng hE ve a. éjsgtiﬁud
of problens. Fi eir pr ﬁ?lsdl?wt C%}S Py &°F ngz(? L}%E%c'l% ST RRCt
coating debepbiigbnd, E‘hatn'g@s AGEinYErafiRE bf BB pefcetd@uifl] W Foraiple in thiepaint
vibrating section. Oher limtations of the prior art arise in

si t uat i ondndusey ethe semg dlesy metastmashie sengt fonguleple i satorsal Thersfosg, | cyen
to the.proces | uj e t , n e

det ecton T Eope dolind el W eafitd Gl BRERS oD e Lo R e Aty
a coating aﬁ%bt&ﬁ& bhprigdidtod t hat overcones the above nentioned
limtations. 25 Furthernore, in app Ilcatlons where it |s known t hat,

the process fl ﬁeﬁm@%a}fsﬂlﬁh@mﬁ’? REeHEmey alopg with pihers Lgpse delCH@tmg’ it is

cl eani ng MR BEorREES MekiRd
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deviation in a f ter., ri est
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Teas PG TSI LRRPAIO ShOUCRECaEr S SR E 485Hon Rt FBH beie the
flow net er, 2GMRRLGNIORS liIBasHACEE gk h@f eRlatiad i {iRBSMOWh&e Wb density
expect ed JI frf erential pressure based on t he measured flow rate; and
of the coating is substantially similar to the process fluid. In those circumstances,
density based coating detection is not available. Therefore, there is a need in the art for
a coating detection method that overcomes the above mentioned limitations.
25  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.



detecting a deviation in the flow neter paraneter if the difference
bet ween the neasured differential pressure and the expected

di ff er ent ivad 2@pesieesr e exceeds a threshold Iimt. 10Preferutlgs/oseive
met hod further conprises the step of neasuring a differential
pressure ac he entire flow neter. Preferably, the expected
differentw@gsure I s based on a known fixed fluid viscosity.

Preferably, the gxRRGit6dn difcbesamd indbniRireSSbhed ifér dé&%ﬁh%@@lewﬁiﬁ@dﬂ Aa
previ ously 15prepared plot of differential pressure v. Tlow rate.

Pr ef er abl flowt ihetenparhiodtef, gpmpasesdbnperseds t he step of storing the
expected differential pr. ssSure in a nmeter tﬁl egtrortli CS P;f@fera Ly,
the t hreshol d_MEATTR8 QT EME Bosr Baat e mtTea: L APIgT SHPTOPaBEY™ | he
flow neter conpihsfmoahSRkh@tdddifibRYiMRHkurcd0 B ek Rl d¥fferbhteil pressure
deviation in the Tl ow nmeter paraneter indicates a coating in the flow

met er . based andlog diersgradolamtaitiendaspect of the invention, a method

for d i devi atjon.in.a,fl . i
Seps of - moastired drerrap afe SRt REEE iR RRRT BRY g RTRE LARReA DR
25cal cul ahicagraddigkrachesedshid Mafthowpeaie dﬁwefdja@?rletsimee ehickérLMtdsadid

pressure; and conparing the neasured fluid owrate to the
cal cul atediMituid flow rate and detecting a deviation in the flow
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Pr ef er abl gressihea@bgphetntiraliiowl @meeng an expected fluid flow rate
conprises the I§rte?eeably, the expected differential pressure is based on a known fixed fluid
viscosity.
Preferably, the expected differential pressure is obtained from a previously
15 prepared plot of differential pressure v. flow rate.
Preferably, the method further comprises the step of storing the expected
differential pressure in a meter electronics.
Preferably, the threshold limit comprises a predeterimined value.
Preferably, the flow meter comprises a Coriolis flow meter.
20 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;
25 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
30  of characterizing the flow meter to an orifice meter.

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

coefficient.



30 of characterizing the flow neter to an orifice neter.
Preferably, the nethod further conprises the step of determ ning a
fI ow et erWEGEPHFEFbNt . WD 2009/ 134268PCT/ US2008/ 0622§51/US2008/062295
Preferably, the nmethod further conprises the step of storing the

expected fluid phlewsale hohbBhehett Gt StepIrRlRndthy expebRd fluid
threshold imt conprises a predetermned value. Preferably, the flow

met er conpidvesse o r@etet ee¢teonfidsow neter. S5Preferably, the deviation in

the flow neter aneter indi .es a coating in the flow neter.
According to a%%%’@gﬁfagﬁé@ieg@gﬁlﬂﬁt TORPARES %ﬁrzed‘gteﬂ@flﬁé)ﬁgfl%r det ecti ng
a deviation inpdlgW MRURw BRlREBhEHses GURI0NS Eow MsteSt eps of :
nmeasuring a differential pressure across at |east a portion of the

flow méter; 10Patferablyt thegleaiation it the Alofapetor phyameldr hdicatareaoaiirginfthew
rate and the neasured differential pressure; and conparing the
cal cul at ed ¥ &t on factor to an expected friction factor based on

the measured flQuoddaicBoansthdeispsdtionthednfi@iionld #Bthiod fohdetdckiagwa el fion
paranmeter if the difference between the calculated friction factor

and the expedlostmeter parratef.comprisestbesidss alsa t hreshol d linit, _
Preferably, the, Sehedl aiflebbirldtreReldsd SRR a LBRIA o HRIRGY HRerl!ST N9

t he equati on:
10 calculating a friction factor based on a measured flow rate and the measured

differential pressure; and

comparing the calculated friction factor to an expected friction factor based on
the measured flow rate and detecting a deviation in the flow meter parameter if the
difference between the calculated friction factor and the expected friction factor exceeds

15  athreshold limit.

Preferably, the step of calculating a friction factor comprises using the equation:

f=2.
2V pL

Preferably, the expected friction factor is obtained from a previous measurement.
Preferably, the differential pressure is measured across the entire flow meter,
20 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 electromnics.
Preferably, the flow meter comprises a Coriolis flow meter.
25 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



DAP 2V pL Preferably, the expected friction factor is obtained from
a previous neasurenent. Preferably, the differential
pressure iwonwasszetl across the entire flow neter. 20PPET/ERAY/G6229 he
expected friction factor is cal cul ated based on a Reynol d' s nunber

for the neasured flow rate. Preferahly, . the nethod further
conpri i ng. ¢ he caeat » Bdiersnye e el o] Pl Plopdh g o1
el ectroni GRtecih®h 86ARioh intefld QW tdFRainte TP the S8R URIAEMPérhthird fradient
nmeter. 25Preferably, the deviation in the flow neter paraneter

i ndi cat es excesda itangparaiurcrmadiemibreiodd. . According to anot her

aspect of the i,nweniion, t f. Gl -devi at . ' . w
e oo e o MERH e B TR EAE G o AL AS AR BhS shRchl
t enper 3t Uk@npdratdrddradiaht from afflomo@atet BG to afidw M&er outlet.

2009/ 134268PCT/ US2008/ 062295 calculating a tenperature gradi ent
based on the nBeferplly, the sispoi reieelatingateammestie ggrdend matises salcnlating a

temper ot wPeay At Al oA A BE d FURGRFRBARR 21 BT SCCEeS ©

cal cul ating a Paif@aeblg] the eieficaiduahér coatppisessts seplof détattingth @abing in the
tenperature gradient froma_ flow neter jnlet to a flow neter outlet.

Pr ef er abl JlowRgtesiféhe ecndaipdignmerasye gradisnh QF%*BE? B grosgshanthreshaidlimits
cal cuygling a bRERE! HE Bkl radib AR Riprld it to a second
Preferably, the flow meter comprises a Coriolis flow meter.
Preferably, the deviation in the flow meter parameter indicates a coating in the

flow meter.

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a flow meter according to an embodiment of the invention.

FIG. 2 shows a partial cross section view of the flow meter according to an
embodiment of the invention.
FIG. 3 shows a cross section view of a flow tube with a coating formed inside the

20  flow tube.

FIG. 4 shows a block diagram of the flow meter according to an embodiment of

the invention.

DETAILED DESCRIPTION OF THE INVENTION

25 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

30 features described below can be combined in various ways to form multiple variations
of the mvention. 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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Preferably, the method fiirther conprises the step of detecting a
coating in the flow nmeter if the cal cul ated terrperaturect%radi ent

changes byWRgPW/1BREh threshold |inmit. 10Preferably, th&TERFWHEER%
gradient threshold is predeterm ned. Preferably, the flow neter

comprises a Comigl i Spbk8Y B Sheter 100 acdd {’cﬁf(l% E@Eh %ﬁl&?ﬁngﬁ \rahd %Ehﬁbﬂ

the flow neter paraneter indicates a coatin ow neter.
BRI EF DESCREdEIdifaiNicGhneTeih JORAWMENGE e inverftioG, the fomomstea 160 oympmrseen COI'lO]lS
according to an e di mrent_ of the.invention.
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t ube wthacoatlng]}orme I nsi de the fl ow tube.
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bnd the’ T PRSP ASBEr POEBA tedibt gl D2 spidhare ateae Bocatested e
skilled i Qhélpfeftaénhs bonad R 1akga ﬁ@ﬂedl{sl@StaH@v@ﬁéiar%gﬁn&fedtdfﬁhelr right ends
i nvention. For the purpose of teaching inventive principles, sone

convent i onad nakplé@tts fhage 1 DB emd gnanploid 180 Also showe eIEiFKTh]o%Té thﬂ(ﬁlltl 406

wthin ¢ netange B BRI TP Rk ERPPY 2 BOERL" St i pRicor

appr egipat qzﬁd)l?st sHolg 18 QofrRalewi Emddasiadéshagslee kovitgan lbeinﬁ%hlsﬁﬁ&utd”ll 16.
various ways to formnultiple variations of the invention. As a

resul t, tHdementeHdi thhesbcﬁmm jof manéfgld: gpagerel Wpiscir prendgn s reeeiving from

e oo ks DBl Bl D5 o PR En AT B

accor di ng pidk-@ffs EFDOHITRPO. dflowheeten VEN s z@lﬁpte&\@:ﬁmndnﬂge tt® berennected via
enbodi ment_of the invention, the flow neter 100 conprises a Coriolis
f1 ow met edlanggaididend 108é0 ppEsling of o dkei on is not limted to

appl i gations i ?f(?{]@%ﬁé\% Qg:up%v Wiy bt aw W%e?g A irhisSAQKk ﬂn@@es the

unders ood tha resent entl on co used W th ot
types of ffromiporeioeos maﬁrfeldfslpamzsrrtﬁs @0 tHhd Partsoimperizg és the mpaidd s may be

encl osing the |ower portion the flo ubes 1 02 |ch are
i nt er nal | yeWAnd e 8 tfbﬂlaf A& ﬁ?‘OWEfOP Felﬁid?/ E"bt ot Qﬁgi(}l%ﬁm{i uge ppter pug prace
108 and whi.GhAre  op0! g&ﬁqa&”bzﬁ’@%f arld 03¢ rigRGS MR Hﬁ)%lﬁuﬂl@tooﬁeﬁm s 205

fl ange 105, ‘and mani fo 107.  Al'so shown In“FIG 1 are the outlef 106
of flange aﬂlﬂ)BliZIféthLmesllObfaﬁd ﬂ.@l)cur\{egtﬁowptubkémtfonﬁiﬁﬁ 2dd 280.iapd 21D, In
The r

e ocels v Sl6Phibed PoTee LB TPE ot BRTTheing re o ndl o dRE s o5

mani f ol d$paeYhsTHAF 4nd 200 AP lﬂﬂerﬁo@icerb@fselwldﬂﬂ 208 @y @@ nine the location
el ectronics (not shown) a wire (not shown) that extends internally to

driver D ahrﬁhel}ﬂlwaw% and®’and RPO. Flow nmeter 100 is adapted when in

:JISE et o be conn%%%gr ing t% t&l!% %? % 1%«3%’ sﬁ@wn 19 %1692,ath8'fpo%.r 'nﬂ:?eroerOtlﬁaudes a

pressure sensor 230. According to an embodiment of the invention, pressure sensor 230
25 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
30 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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15FIG 2 shows a cut away view of the flow neter 100. This view
removes the front portion of manifold spacer 103 so that parts

i nternal twothe/sas f ol d spacer may be shown. The part SCTRA00HP6@295
shown on FIG 2, but not on FIG 1, include outer end brace bars 201

and 204, i ars 202 .and .2

N 204, s oS RS 0 g, Sl S LGN 4S5 DSy be
sections 3ddhtedihdthe 3ifRlin@ brlwBikE. thé AodOmeteeis donawetédIbThe dlferanid] J@&ure
vi brate about their bendi ng axes Wand W. The outer end brace bars

201 and 20@eagwgmehielsdpsraibedfather belpw. 202 and 203 hel p determine the
| ocation of be n X r
shown i1 pia 310y B aRs B Bty of erond SR hifl B LSBT RELBEH o

Accor dsng th® eﬁfbo@iﬂi’mﬂdlsmﬁ iaf Fichen,i the epfnbo@iurprsessng desiens 0smpd@ RID
conprises a differential pressure sensor. Pressure sensor 230 is
connect ed seasorshe Howevermitt douldobe Bydensends thet offies dampesatirspeasying dgvisey
to obtain e

sensor 23 ﬁ%%ﬁﬁ%ﬁ@ﬁh@%eﬂg J@?enrt ?ﬁ% Il1§g’rilerl gqa%?beé;islh](ri%ﬁ rekgﬁ;%%%%%'
fl ow net elSni;Dﬂ*ly,ldlthS\ligiukld R)H)n;@ﬁ@@k EMhreadhbhmughhbhld lieamsleRBdod B32any
may be conne%ted to the flow neter 100 at anX (ﬁs)%@ {%1 tlon

accor di ng "EEoehel &iT) demery May be,Bomenated @nd st thg scopzof Hhee
connegfed ?Jseﬁthﬁv %gﬁlges 104, 105 respectively. Advantageously,
pressure ensor 2:5l may obtain a differential pressure neasurenent
for the entir eBbttmlwe pe¢ssure k00soa2d0 nod tlprTDtdwescasﬂﬂQerqoMnmnoécmdww

flow meter 100 200 68P 81062295 . .

enbodi ment§er &R 05{@\/\?9 I%F“# %@‘gﬂg %@S‘%ﬁ}g St 5?585%‘@/ tébée%?@d n
232 may beydoeahedett And li‘i%hpbiaﬁldff‘%nfs&s WIPGhRPOE af bl AR&BFer 1B which are
connected. The differential " pressure neasurement is described further

bel ow. FI €ovn ati FoGshowee alsplcanadetadytoofctee gpsiranigs &0s er:atcmgzlfd-‘e@nweSEO

240, FSC0h B 2 AP SRR DRI S,y AL

under st 00ght$ h%nﬁéthﬁr db AR E femiper fuidE pRdduré) thndesth&reSowrhakteristics can be
i npl emented and t he present i nvention should not be limted to RTD

sensors. Sinfite dewpstreant procesh cankolRMEY o5 apapreMEROeAFENAH dithlead £0.s Mrigrd
b d d. b h
D, et Shaflledo AEY BRG] KD AERR GatTY RS LEPL ISRl

the pressuidh a%&‘ﬁﬁ@ mba@b&ymgt With bBifex R@cmomluaﬂOAadoedem\m embadsiericof
to meter electronics 20 via | eads AP si gnal, and RTD si gnal
resped? i vHieyinvenfioge ST FARLLHORICS| 48, comprises 2 prd dawa qapﬁﬁ% ofistogingflnown

sensors, RO RO orasidi®lila & I(Iiﬁdt%ﬁrfop’ﬁltg% 1%?(1 Qotell 1Efoﬁnat}0n is
are al so Connacted to Meter efectronics er el ect roni cs 20
provi des dBesséd finthenbedownd total i zed mass fI ow i nf ormati on.

addition, nass_flow rate information, depsit e ture
and ot her flowhat 8 “ésrﬁsctr?%sbeEE?P Kisve g talf%ﬁ \Rﬂrtlm g&?’ﬁ B‘PB@QE

cont 1ol _apdli SRS AR Sy LBRorY b oBARD 10161 ShoSh Gt LREIE e

20 may also ¢ er face that allows a user to input
i nf or 2@t i eppreciathd dmt toating 31D swaysaltoyfoah omydanlavh tudieNOR ak malires witico paits of

Accor di ng, t 0. an enbodi.ment aof 20 the i met er, el ectraoni c 0
conpri sesthg TRy GeRt; @Q ERpsdI e ad?IO%‘iSBFﬂ‘Hg f%ﬁg]?zﬁ]pmﬁ?qﬁrfh’é‘h ?IBWS gli]rough fie
cal cul at eﬁognifueé Ry | aapd‘sﬁg ofuhé rpeodeest Tl'uﬁlvr%'ay bENieht SeRA@d OV Qi@ heR
i s discussed further bel ow. shows a cross section view

of a por t depositf fortmen Edating BuBe ThO r,oamngﬁw wapcovey sghantilly oughirofitsidea
portion Ofdla}cnle?er 0% H‘l% Og'ubeﬁ of rzllsog\fndwn or a]hematlvepy, the coating 310 may be formed

30 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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25 appreciated that coating 310 may al so forminside flow tube 102 as
wel | as other parts of the flow nmeter 100 exposed to a process fluid.
As the pro¥e38091B426% fl ows through the flow tube 101, JEFBSREENGEIY he
process fluid may be left behind. Over tinme, these deposits forma
coating 3 oat | v u IR PYINE Y

o we oy e A6y B 200 B ffg’ie%‘é&sﬁg‘fﬁ%%@ga OB oP it Snough to
coating 3Hugreie ey hwtereld030 ckn reRicé dencragsastiafal tiee pidvided fobehelfibeess
while other areas are free fromcoating 310. Furthernore, ?Dlﬁﬁgough,
the coati rilpigilpy throgght Fengxampig fhe Bew g 1dynmphavsandatepyl diameter of

shown in R4 G i ] C Al Gl
enough o Dyt 1SR BRA T ELS0ouF O, I8 L gtk BEF RS ch M ifich the
f1 ow mét erprdddes fliddesaniffowt theougbad tedgeedo s not t hi ck enough to plug
for the pr oces BEPRRhe GORIRES Lt BiEnadveEr<he kR B BeHETTHIR TLbE LY
may have LNt 8RN i t: £ : W i 3
rosent . chesen B2 e, feldHE ikerfion hrovRelaNEa ifl inbiblR (B AIHinAP jhe
can fl ow tpnesengh of Toatmi3éd withib2he flow mdecad®e Mirthevvare] mdrild1prior art
m ght adversely affect the performance of the flow neter 100, the .
br asent | uahedse potRcE LRRtRS RO e HERToR Geofciierarntfi iy Yiating

presenge Qbctfads A9 A3KuYdst 11N 16708hd hRYEHTB RO R caghﬁlﬁ e F%ét@agt %Ueatihg

prior art nmethods are [imted to detecting coatin 10 on in

active par3l) i ak sgctivhe of/ihb flawi mgtel 00 endludng tfe manafoldsolQ4 LB sIt slioauld be

102, the present ,inventign | S capable of detecti.ng coati 3104 n_all
sections GRApREOR PgHEHE: Bt DEarFRoPHIIog 't R it Bt defeeon fistafie
shoul d be ppERLes HIROFtRAAMRAtior fratided Sltdh&BRHhethdusefot HABcting d\@viation in
limted to the detection of coating, but rather the present inventiaon
provi des al flew masten paraeetsnd She diovd anasert pasgmeteiaay dici By Maayrgmesf that is
nmet er .par apeter.. . The, f l.ow r any : r

s 15 130t APREE PO bhdBH BReRe RO g e AT REROh bR
in the fl guamRkars palseddyeoatisy SHUSHIwbYercoftt ihihed ey dtowetlerdevitiberin
thi ngs may cause the deviation in the flow neter neasurenent as well,
such as pithfydlong meter; measwseragnt asn#gHs sugleds Hegging f Jhegneter, inconsistent
i nconsi st S ' - X3ME BS; L L ragdd B vhendd ok
ot or, ot dRRARRRSTebbitht Bricel ARia MHERCET DR Gk USMow Ber
t he met hods. pThsefted, Z2Qokiedw deteabbdanaheof ah¢ arventiorg the onethetseprovided
par ameter, which may pravide di agnostic that further ipvestigatign
i's redfli r bglow detect A dgxiptign i TlpH mactey W%t?wh@%%mw%&s@%ﬁm at
detected M%&&iéﬁoﬁq@regﬁiréd]e met hods descri bed bel ow. According
to an enbodi nent of"the invention, a deviation in a flow neter
paraneter is détéstmmndinraetow yndteroparahetedinaf dealetdctdd asecendingrte one of the
measur enment .25 obt ai.n ro ressure sensor. 230.. At .the.factory,. or
al t er nat i VAgPds S@ibfg%@’nn‘}‘ °q nﬁﬁ%%epﬁgﬁlgepgog e&"&??% %‘%ﬁyaihﬂn m
the flow BEARE @} pafQhet&}RMRtRicdal iRy 1@k el fiffeRAkidlaireRIRSHEBrement
across a portion of the flow neter 100 versus mass flow rate can be
prepakéd braimdikiowprésssuedsenisani230vi AtcbsifagtoryBas alieroatitehy, orptitst whegnit is

expected differential pressure.can be determ.ned for i f .

Ao e KR ey e PP R 1 6 1 ety MR ok bR BRI Ag bl Enta
noni t or ed pHskRe abRBs BIRSITH 6 the TR meed 180 dehaiBaEe dotvarateh@neepnepaed
differential pressure for the neasured flowrate. |If the actual

di f f er ent ifer a snevws tired flyidivisensity.a Bessdeerh Bligiplot. intexpectedh €1 iExgnéial pigssure

differenti.al ressure er. el gctroni 2 . .
2009/ 13428@#&%@%&6%?%%&?3&%”59% Sﬁ%‘ﬁ 9 ag{a‘frﬁ%gglea\}ipé?sf’%rﬁ SR e
par amgper cbr&iﬁil@hﬂ?hﬁéhitc@éd atihgrh@bioélry sehdot B30 dldonipapsl fvathebspected

detected in the flow neter paraneter. If on the other hand,_ the _
neasur ed diffarentighipressurgries i mersreds Nowt iafed eliothe amal difteseidiad praspure is

within a threshold limit of the expected differential pressure, meter electronics 20 can
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5the invention, the threshold limt conprises a predeterm ned val ue.
Accordi ng to anot her enbodi ment of the invention, the threshold limt
is set by woo®®13468 oper at or. Al t hough this appr eatiusprgizess
satisfactory resul ts there are a nunber of I imtati ons usi ng this
direct co i san agpproach, Fi.rst, he user iscosit

of the probRbe TRMTABRAR e iiiaR i, b e GraEot, 5ot o GHpaveD. Hie
subst ant i gjel¥tiod haf BEST a@e‘ecteéf hh Shé FloRe RS Satdite@X PETHE thelbihbe hant, ithd
pressure obtained fromthe previous nmeasurenents along with the

act ual di fmicasend idafferpnted $mseurﬁ9faldﬁep@tsnde@f ﬂmwthr&sboldllsnmsm@ﬁyr glfecmmcs 20
process fl ui cause of th i.m tati

G 1 or ent i TispdB€ AR ticlol AT FEstEeTa At e S OBt FEPodimgat of
coating, nenARMHEN, VihedhfeshdldSEmaOSdrhidked RdpfedéteMRinednaliter Ambliat to
for detecting a deviation in a fl ow neter parameter is to 15

char act er ianethetembddimentaf glre ingentins, ta tyesholdbmitds sat by @uisen @PABIwT s
are generally dare eaf f e

G 1 orent al” praOSlRit Bis HofrofZE rbof A v rstuE. MY BF e R fleroet
that meas uﬁhﬁtahbnu @lsﬂhgomsbaﬁad mnparidod fapp@ath. al Fiptegsutgr hagauamw higy
occupy mnuch | ess space. An orifice meter operates by providing a

pl ate wit Nisgosien ef ie propsspelluidhepdditioraliolhe viscosi st remain supstantially

di anmet gr
a5t Shpbie IR i e A0 AUGHLGR| B, 650084 L b
expense oﬁnefaklﬁeméxﬁs sloig vHehatle adthalsdiffedehigd] @pdsat 1@&@@&(&5&1@ on am: Wgosity of

measured by pressure taps befgre and after the p @te Usi n t he
measur ed &1 presERdivag: BF’%@%PEthl%hmltGP‘EP’\Fe‘fh@Eg‘ftVl gl %re%%q PrgsavE dnay

based on @Q s@ﬂv %htqg axdffitidn ’oHIe?E a‘ﬁ)&@lg‘@%gg there%y ¢ gg acﬂilgclf é&tlﬁ%)ndlcatmn

25Wher e: eloci'ty throu e or o of orl

di anet er to pi Aaottiea medtierd :fordldétbetngrml ddvisaionomsat fiew aneter pergmeterf Isuiod
densi tlg/ 38}%?a<::ter?zrel tLe (flgw%ggt];xf (S;d aesnz;[n orifice meter, Orifice meters are generally known
and are used to measure a fluid flow based on a differential pressure. They have certain

advantages over other meters that measure fluid flow based on a differential pressure

because they occupy much less space. An orifice meter operates by providing a plate
e with a hole in a pipe, where the hole is smaller than the diameter of the pipe. This -
20  reduction in the cross sectional area provided for fluid flow increases the velocity head
at the expense of the pressure head. This differential pressure can be measured by
pressure taps before and after the plate. Using the measured differential pressure, a fluid

velocity can be calculated based on an equation such as, for example:

Voo |22 (1)

25 Where:
V, = velocity through the orifice
3 =ratio of orifice diameter to pipe diameter
AP = differential across the orifice
p = fluid density

30 C, = orifice coefficient



WD 2009/ 134268PCT/ US2008/ 062295 It should be understood that
ot her equations are known to calculate a fluid flow rate using an
orifice nevert@iaszetiuati on (1) is nerely an exanpl e, WECERSZHHG2E5not
limt the scope of the invention. Cenerally, all of the unknowns can

be measured or ark&%{éﬁ%ﬁ%eﬁs}éﬁﬁgﬁla{ Shet Qﬁltagfn}ls;zirg %88\95 e ic&li:@%a’ a ﬁf?i{deﬂow

which is typici‘i? experrme varies from neter

to neter. rhit dsthgl ¥PbEALd Ynette poEdebtian (DOk hndrdlyaandetanepléeyhioh dhsuld not
nunber, which is a dinensionless nunber and is defined as: Re = g DV
(2) Wher elinpt thegreaprepiche ygation, eparsally, glliod thesmmkapyys car pg,mgasured or are

vi scosity = fluw.d .d [ -5 Ki A.c fhul hSCOS] I BB
orifice nme 8‘?’8’, %gptor%ﬁfi%é ?%g?‘%(i%bl%en I%Iﬁtod,:"’rgvrl%%cjihng?a%cg%@cgnstalrrlle
and 155is ek?dﬁ'ﬂ?)%ﬁg%ghnd ﬁ{zicRéx}OﬂiDirﬂtes toureber 9t gregataly ddpandent on both f§ and
appr oxi mat e )00. Like an orifice meter, the flo ter 100
exper i encé@eéeiﬁ’é%ﬁﬂélﬁb‘ér’ whish lﬁﬁdﬁ’ﬂ%@"és Q%L@ﬁdﬁ%gveifﬁ’g%ﬁ as an
orifice nmeter as sggwni FIG 4. FIG 4 shows the flow neter
100 positioned pg agpel i ne 401 and connected to neter (2)
electronics 20. In MG #, the internal structure of the flow neter
100 i s not

Where:

D = diameter

10 ¥V = average liquid velocity
= fluid viscosity
p = fluid density
v = kinematic fluid viscosity
For many orifice meters, the orifice coefficient, C,, remains almost constant and
15 is independent for Reynold’s numbers greater than approximately 30,000. Like an
orifice meter, the flow meter 100 experiences a measurable drop in pressure and can be
viewed as an orifice meter as shown in FIG. 4.
FIG. 4 shows the flow meter 100 positioned within a pipeline 401 and connected
to meter electronics 20. In FIG. 4, the internal structure of the flow meter 100 is not
20  shown, but rather, the flow 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
25  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.
30 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

10



20 shown, but rather, the flow neter 100 is shown as a sinple block
di agram During experinmental testing, the flow nmeter 100 can be
char act eriwedo@asas orifice neter. I n other words, thePpPT@SINS/E52295
sensor 430 can measure the differential pressure between the inIet

410 of the.f]low neter 1 and the out et 411 using the essure t
431, 432, SEdHcequatien ylseiomf@lhceﬁ Bl éaéesoba%atpgk fﬂar?f?r Bfeher

known or %ﬁﬁéét%’c‘ ﬂg&aﬂaféaﬂhg OP?é]d%Soin@ %H§11%T@Pfffe?é?1@e ten FlONoWEhES o&ﬁ’iﬁed

deternlnlng a ow rate, ow neter coefficient can be determ ned
exper i mentfadnh yhe fldve nidtev Ofeteter elpefrbnics 2hmapeigngl s deniktaon inghadlow meter

orifice coefficie Once the flow r coefficient is own, fl ow
Pate oan BERCIEG e BaRbeY e CHe b s Bt obreesad A0 R Behd
fl ow met ernclQ0) dpaghfveer, Hed S Rn R4 gmdc%&&j @ssoaqeftﬂlﬁgvoah@; fhah Soating 310.

determ ned using an orifice nmeter. 30During nor nal operation, the

fI ow rat e Hremtheratieriimnd, e é4pootcddlosr rakOghtaiaed beclpompeizing the flgw meter as
ted fl I
W0 2000/ 18 S6HECH Roton Aaus oAt B e P iR B B P o5

cal cul ati pgetdrl 09, AdES elRASRHcON0 FRayOkilchICRIBRIr&lo déiatidheire#feefs® dneter
flowrate falls outside of a threshold difference fromthe flow rate

obt ai ned bewmetdte If showldres wnderstond thet e threshold disfecencomayele pedetanmined

devi atjon in_the r caused by
the. pr QoastEebPt doiPnds s Tm BRCATE bitrg oR e SRR B MBS cver = e
devi ati on nay beoterseshdly feoaekEin e pREerdchadt @qﬁtzia:mgnslhoa fidw Qfieter
the other hand, the expected flow rate obtained by characterizing the

f1 ow met eparasretan which peavides higheqpeqyracy and hraadpornglige ity thac be previgusly
b T Sh R G e E
shogl d beOﬂHitgejﬁﬁ;hO@d'aéthﬁLarb g@nt&ﬂaﬂ?&{mkxg o fHeedrenoeh m%hda@(;trcy Wcﬁssbach
predeterm ned 10 or may, be determ ne n erat or ba n the

DT 4 e o R A 2 aBrox iRty A o] BROBRD e e g pgticular

presence @f.Rnd@UbALEQNs fbtandpbR¥ht TRl Qﬁe ;p@é@t&f the WG R ﬁ'i!@ﬁ’tloqle% any

hi gher accuracy and broader applicabi | han the previ ousl
ment i onedagpjzablachesjons sart ke auhmstal a‘lcrcnnhmg)lm thafriction favohised t he

fanning frictign fact r friction factors are .gener n

h Theart such e el e Mg bierp PR AR R BE o T
appr oxi maged Yditlted byShany 4 fﬁ@tldiﬁfﬁ%fo‘itﬂoﬂrstt hatis lhﬁﬁorpﬁlﬁ: tid Geb@ktahd inetv @N
factor used is not inportant for the purposes of the present

i nven2d onclmaczimzeazpprqcc%sbﬂmdeﬂfufamgdh@ughm cbts:u@djmm efondwoputperg efothis
the frictiop f.act

b essur o HABRPRPD BHASY gt e 08 AP o it BB e

friction fraet @ambterbns Ien]g Orse 1!ﬂ‘ﬂé@tﬁﬁt&ﬂﬁnﬁe@ ivEtgedcsdrizig Maw flos Bbough a
characterize a process f uid flowing through a circular pipe. For the

pur pose opPiPeHs ﬁieem@ﬂm&ﬁynoldh%numm Retdescritpd abaye Heeqrpdemhcy i euld
|
por ¢ ant D PSR RENAR Siu0HE chl BElen iy MEES i M i Bt R o

use 05 t htheReytoigl dsnynDEH edeterRencltéing Gobietls dbe\aetem agoemphblenf @asurldy
shoul d be noted that the tube dianmeter, D, can be easily determ ned

and is gefBidapsppctrnsigh at thes Tukk densityorsd thanipss flow me- erEm“i Hegse divieg
Coriolis a%a%wnlgfttﬁé asv&?{ggerqm&ﬁ@é@gfﬁa@@gf@%df | Hdnag RRELSty SHG0R

the fluid y an romthese two quantities,

t he aver ag&emiged bhsedbnakhywaancddeulatad, aulaategured heluél ui d vi scosity
can al so be determ ned based on a known, a cal cul ated, or_a neasured
val ue. The f r | Ths Histipadecer of 2 aysiga ierstingd gattheedo o the,wall shedd shess i9e

| tp. 30 th 1 th |
hoad (o) by PRaNTsoBReAoager ard bt FReBrEdel b 110 b IS Syet e
to char acﬁq%&'nﬁﬁesélﬁl% kil GldvP Byst@fd & chafrédﬂeﬂz%rtH@ f9étidnhRciey @l @rfs of the

Reynold’s number, Re. The exact equation varies depending on the particular
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WO 2009/ 134268PCT/ US2008/ 062295 characteristics of both the fluid as
wel | as the pipe through which the fluid is flowng. It should be
under st 0odVQRP/134368 equations that follow are nerely eRGMyPEYSAAIEPS
other simlar equations are generally known in the art. Therefore,

t he equati j Mg -t :
nventi on e Biisaf SolTe N Athe bRk uhRARE: fbidiF Powine. 1
factor, f shewldbe cideracddethardlte aguations that follow are mérnlycensdsst and other
turbulent flow through a snooth pipe,. the frigtion fagtor, f. can be
10char act SFPEEREHOE @fﬁenilﬁaiﬁs(lﬁ‘?wn In the arEq&é“FTeg?Fe( ﬁﬁe edptipes quiliged
wi th reas - f h }

nown' 1 or Cet Sl AR e e T b RBRBA M
such as: fipe, 4G ciRel fattor; f.cO0hd charati@i2Zed aRe 32 20 Equation (5)
is generally applicable for 50, 000<Re<106 and equation (6) is

general ly applicable for 3, 000<Re<3x106. Based on equation 1 and any
of equations 3- 6,54the friction factor of the systemcan be

determ ned with# only unknown being the viscosity. Dependi n§lon
the flow rate, charges in the viscosity may be insignificant.

In contrast, for turbulent flow through a smooth pipe, the friction factor, f'can be

10  characterized as:

1o e | 4
A 2.51n(778)+1.75 (4)

Equation (4) can be used with reasonable accuracy for 10*<Re<10%.  Other
15  equations are also known for correlating the friction factor to the Reynold’s number

such as;

f=.046Re™ (5)

£= 0014412 ©)

Re.32

20
Equation (5) is generally applicable for 50,000<Re<10° and equation (6) is
generally applicable for 3,000<Re<3x10°. Based on 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.
25  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

f== 7
2V pL

12



25Al ternatively, the user could enter a nom nal viscosity. It is
al so generally known in the art that the friction factor f can be
char act er iwv@chovm3seyr ns of the pressure drop AP thr oughPEI/B§280506224S

follows: j. DAP, (7) 2V-pL WD 2009/ 134268PCT/ US2008/ 062295 Wher e:
Al? = Differential pressure L = length of tube between pressure taps
f=friction fa ®5V = average fluid velocity p = fluid density D =
t ube di aneter ABhep et dgnppibisate Pressure can be obtained by

pressure sensor 230; the length of the flow neter 100 between the

pressure taps 231, R3Zeungihobmbehsiviegn pecssueéps t he tube 10 di aneter

can al so be easily peasured; the fluid density can be obtained from
FERioR dhey

the fl ow neter 100,
themasflowratejﬁr gﬁ%
Therefore, all of the varirabl es on

P
00 LhGe

Wbrage vel ocity can be obtai ned based on
' Jreasured fromthe flow nmeter 100.
ﬂﬂélé{mgﬁe ri ght hand side of equation

(7) can be found. Agedhdd agsitp an enbodi rent of the invention, a
di agnostic is generBt ed. based on

10

15

20

25

30

= tube diameter

The differential pressure can be obtained by pressure sensor 230; the length of
the flow meter 100 between the pressure taps 231, 232 can be easily measured; the tube
diameter can also be easily measured; the fluid density can be obtained from the flow
meter 100, and the average velocity can be obtained based on the mass flow rate and the
density measured from the flow meter 100. Therefore, all of the variables on the right
hand side of equation (7) can be found.

According to an embodiment of the invention, a diagnostic is generated based on
the presence of a deviation in a flow meter parameter by comparing a calculated friction
factor, f; based on a differential pressure to an expected friction factor f,. 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 £, 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 £, 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, f, can be prepared in advance and stored in meter electronics 20. According to
another embodiment of the invention, the expected friction factor f, 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 f; can be calculated from equation (7). This calculated friction factor £
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.

13



15 the presence of a deviation in a flow neter paraneter by conparing
a calculated friction factor,]; based on a differential pressure to
an expect SHORPEI2EN factor/. The expected friction fa®f&Uf200¥4d2%5e
obtained in a nunber of different ways. According to one enbodi nent
of the in .an.: et | j ; j

ci ther at (TG Sibef SRERHELL. LE AT, be cRAR BF oKL FLMGRE such
little or ags@hagats hgopsigsmniroceth duRDmedtwecbwddldsrinché procéssdhod,]etc. cHrihe

be obtai ned. based on various_ flow rat renents and therefore a
curve of fricalfedrirtes to\?i ffah%wltp&a_etﬁﬁegﬁﬁai“’m%g P &YPCo _@Q%@P@Hﬁ’
friction flﬁqugene.;&{?gigggﬁ Bf d%ﬁ%@ﬁaﬂmﬁh@gﬁ%qm@m SoRIIE resthe R low

el ectronics I'ng to another e i ment oflt e 1nvention, the
expect 6d foidtat papamdtact Hrdn; the atheb dand | theitatwated dsetibnofactar ¢ofalie begtandrihe
to the Reynol d s number obtained, duri.ng normal operatio 25 rin
nor nal opélﬂrﬁﬁhoéfih%tc%ﬁ?%‘fa FEPEEe %Cg%&ﬁ%ﬁefgtnq%l” O]ﬁ‘ét“?rﬂ?ﬁeéjuq F%S,GHEFJ?Q alet
pressure C L ' L ahetBY BoakRr TERRFEIER ofé
the flow r%rgdtizd(r)&%%%gnAﬁg?r?)itaolﬂegﬁnsﬂﬁhﬁfe%eﬁg&v&ma%terElOO c;n.obt a‘?rq?a °
fl ow rat e enbadimentrefithe Frventiarhahd Hoeshobt Bmiteasy be meedetexindiag besed on Hbe
differential, pressure neasurenent, a calculated frictjon factor]; n
be cal cul é’f"éb’(‘fﬁh WGt Op Hopghar .Fﬁné?%sal fﬁoé‘?l&% te ?P%tllfroﬂ??oé‘i]flsitﬁf%%%
can bgoConRALE6h, 1 hiGheMARSH BthyfkideichAihcl 36 LAE by the\RE! &ldpenfod n the
two friction factors are indicafive of a deviation in the flow neter
par anet er . Accbr dilditjon do previdingoall menvrate tivedietéari af icortingay3Bearpeiss ether

by coating .310 4.n the flow nmeter 100. WO . . :

200! 1842 8HRE RS bESS SIS @ ARV BRIoNT Sty Parapeer in the
devi ati on ;pRYicHBf SRbEREY RoRh TRAd Sisédsdl] TRPendib€ bn dfe NoWIFERY the fluid, a
i nconsi stent process fluid mxture, bubbles in the process fluid,
etc. If thwmalaghengamimeyiscpsitn sy pefcresyl dn faapybstanfiah phangetinr ©8ndpEHold’s

et or Aone TRAE: o EHER ™ot o Pty Rl Ea!, buPhyahe b i F finer,

met er par as® ®medsiire@he Vieositiyher hand, the calculated friction factor
f e falls beyond the threshold limt of the expected frijctjon_factor

i, meter el ectA6rATéREg angthes gmodiment of the(Rggntign & ¢eYrtigh Mg flopgmeter
present wihi q BPATEL LG 1Q HANSro BB Rl B
of the |\;1\@%%%@Betrrl%t}{lﬂee q&r‘%ﬁés c?llr?ﬁrel tﬁﬁgi}é%%{?%?g%gt I(i:}(ré)rtn neg based on )
t he parti cubagh fHeoflowaheter 400,f thevinkeh tamaptraniestridcthe Atled tatperyatts remain

anot her enmbodi nent of the 10..invention, the t shold |limt be
det er fPnedelBavedy ¢ S?J)fogqr‘]u%erys\qel_}n%ﬁyoﬂjér%?‘ﬁrm 3l af‘% fg’a‘ﬂﬂrqeohﬂi%e_mam at
provi ding sﬁ%t&%@iﬁﬂ{r teLsapleefhpbiafte OTA L0 A3GnbHIREE: ¥ theintehtiftgShe
this nethod may al so deternmine a deviation in the flow neter

par anet er fiow mbter A mobdentwarr wamdthperRotwensorg; wick ps BaHist3#0. Although

Dependi ng he. fl.ow rat t. flujd smal |, change in.vi i
mmy not P &L0h ¢ S S Sk s el oS oni R BB IR QR b opa R ke
Ther ef or e flodNmake 1 6@ tha¥i 5608 Ibrd &YleRahhN BHIR DY sti@ra B, , T RDWensors
further need to nmeasure the viscosity. Accordi ng to anot her

. y .
enbodi2fren240tan meniten/ba témperatarefefthatiowrtubes W15 L& Fertere P&k frewapple,

be d ' i
Ty st S iorte® ey BEPERRLHGT SROBFETD muds foi° 1850 CFRefote e

outl et terpamdtDendeiBd bade uhgdual varRkivneinabe tdngeedtihergradentiftont the, inlet
the flow tube 101 and flow tube 102 remain at substantially the 1@3@1”5
Y

t enper at uite theagulst @f Beeiven Sawefbedirend Obpr (A2 i4ddpenad, ceaiverd

meter 100 |ncl t ] r e r h

A though Enee AERel s Sad iRl Frolf RS Gh'E 0 RPASRT0: B ‘PRBEE e it
ot her 3gmbagismnd empehtuiel odismbecant®ttimryt Horfhlid dieactmille torveligstiraiganhe
si x RTD sensors 240. The RTD sensors 25 240 can nonitor the

t enper at ui®vwoneeh&ldd | ow t ubes 101, 102. Coating 310, for exanple, may
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WD 2009/ 134268PCT/ US2008/ 062295 Therefore, according to an
enbodi nent of the invention, a deviation in a flow neter paraneter
may be detwotad/ibased on a tenperature gradi ent. Mre speusing@2tys,
according to an enbodi nent of the invention, a deviation may be

determned b acking a change in the te rat.ure gradient .obtai ned
from nor et han TORENERHEPINTH & & SuheBeTEhE fealv RHnoe fEbpIRy o How
According nEé%ePﬁ‘a‘%atﬁ@@PﬁiaﬁF%t detdcR@l BR8P 6H 3t tan%eﬁ&ﬁlQ ig%&l‘ienit.s MEaspé@Hcally,

froman inlet of the flow meter 100 to an outlet of the flow neter
100. Accordiardingotoaantdmhodentddinthet ingtntidne 4 dedaticromayt be determined by

tenperature gradient is sured from.one.fl.o ube 101 of the flow
metor 100 "PECARGANES PN P LS CUITEOIIOR B GPOre Bt oReEPBTRGTe
to an embqelisaBNduchfast RED BMRBE ban. A6dkiiRg 1316hdTBYbOEmERL, dRE e&hpstatule
a tenperature gradi ent exceeds a tenperature gradient threshold

val ue. Acgorditntds measyiesl Eomaui inshof thehtow erefrerlf0 e en gntleli afiihe flow meter

t hreshol d | uge _conpri ses redet.erm v.al ue. caording. to ot her
bnbodi moni00: (EeBERE 18 it Bert - ERhREM fr e Brdion BEERRATuS sfRE Y
user or Opadired frohlloo®y ﬁfﬁéq(@!lmlﬁhsﬂoﬁr%téﬂ mtmh&her_lﬂlﬁyﬁﬂﬁé loacifyieke
a tenperature gradient 15 even in the absence of a deviation,

Ther ef or e flogce6iedi 1R tdcagrdiagite @n rtodsnrent d thejssntion  coatinge i G maynbe

ar aci S deEeb B8 3 G Rbe” BABERL oRocchE bR R RIS PR Spit”

det ect i ng Axcer@itigato ot bmbadifiedyy the tdripgpft@ng@ihdienothréshbldovdlne tanpiie.a
According to an enbodi nent of the 20 invention, the deviation in the
f1 ow met ePreggicHREear valesy HACcEHRE (1o OHEF fbog sty HiSs Fperafie carapigpt
be i ndi caty : ' t hods includes different
advant agegﬂrgsﬁlgﬂ{ﬁggggbp?gt??%ﬁ@%ﬁrﬁ%%%éﬁl oyed may depend on the

exi sting circuhsi@ancesbodimeqts; freefdw avacd Bl may Sochedod tdohyeeratetchgrddicnt
allow for a detection of devjation_in a paraneter in the absence of
2 eviai! 1E  Dies Npess 9@?@%%5% SRR forg ﬁc%ng%?&oﬁotﬁnoﬁ‘_}lg?fﬁﬁ”émt G e
one net hogh @k |2 Abvinfish Hol0dIeloRAUBREE APIVGNEY iDehd BEOIROLALIEH
into a single flow neter system Therefore, neter el ectronics 20 may
conpar e t kenmtedterctgratiesf a devi ati on obtai ned using one nethod to the

Its obtai f th thod. The detail ed riptions. of.

Lo above. emboURHEHESPAN MU ISR HATS PR S OeURGS Vot ageg SR in

fﬂbodi nen%l_swcwfeegg&agh&@r BY of Hew! ARPLIRDS tARchRlin tdiah diRdneemReoPthe
e 1 nvention. naeed,

t : ~persons skilled in the art”- will recognize that
cert al® eimygeinns the ddvintiahovethgefowi ster cprsoitige may Hayusedrtp og@icpioa

combined gf - kil NAkAIdy b iR ve AN ERALOPRETAMRRRISA0ER 2 Berent

advantages and the particular method employed may depend on the existing

circumstances or equipment available. Some of the methods allow for a detection of a
deviation in a parameter in the absence of a deviation in the flow rate measurement. In
25 addition, 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
30  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
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further enbodi nents, and such further enbodinents fall within the
scope and teachings of the invention. It will also be apparent to

t hose of OV@2MRAF2E%i || in the art that the above- descrF(a$2008/062235
enbodi ments nay be conbined in whole or in part to create additiona
enbodi nent i thi,n it he scaope i b AV Lan. -
a1t hough SpulriotahBEu AR R for R GRSy ity B S: Ol ac RitRnes
descri bed dreneinvehoen.i 1 wil aRb ieappateponedose/of dditregkillvial thatart that the
nodi fi cations are_gossible wi thin the scope of the invention, ag__

t hose ski |abgge-fescribed erabedimentsapay By sambinedsigrvhale ompeParbiocFipdie additional
provi ded i : I - , and not just to
t he enbod?ﬁgﬁﬁgn esggﬁggggg%%@ghgﬁgagﬁ%m%Hﬁﬁhﬁﬁggéiconpanying
figures. Accor dihngl slthohgh tspecific @podindnbe of, mnendxaatplashfm) thebiavention are
det erm ned frpn1the_foILomAn%_clains. CLAI M5 Ve claigl 1. A net haod
for det ectdergibad deirmiraHustitie PERRS et RO AR IVRIOF MOSHHBHPY HE PSS
of . Smeas ‘bl}ih@& {1% s@bé}é‘ &F AR BY &3 gﬁ%ﬁ@ F@ﬁé@ﬁﬁh@&elk@ﬂﬁ Ert%viﬂ%édgﬁﬁepfl“h@
flow neter; determni ng an expecte Ifterential pressure based on a
known fi xeaehchlngs drovidedieteyn cawrpaaiphigd tth eotneratew edetdist faed et ijadt to the
pressure to . the expecte ifferential pressure based op a neasured
flow rat e;eﬁﬁ%‘i’émi@é%g%séflgﬁg aBOEedNdatOBR lFlrFﬁ? RECHTRIRY et e Bar gﬁ% rgllngb%
the dijyf erg F RS chBGn SRARYbE detintih &l £0ki 8 fillotansEgiANd the
expecH@d &???@Pgﬁtﬁgl pres%ure exce%dsla thresholdoli%?t. 2.
met hod of claim11, further conprising a step of neasuring a
differential 15 pressure across the entire flow neter. 3. The nethod
of claim1, wherein the expected differential pressure is obtained
froma previously prepared plot of differential pressure v. flow

rate. 20 4. The nethod of claim1, further conprising a step of
storing the expected

The
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differential pressure in a neter electronics. 5. The method of claim
1, wherein the threshold limt conprises a predeterm ned val ue. 6.
The nmethod of claim1l, wherein the flow nmeter conprises a Coriolis
flow nmeter. 7. The nethod of claiml, wherein the deviation in the
flow meter paraneter indicates the presence of a coating in the flow
meter. 8.LAMIBod for detecting a deviation in a flow neter

par anet er, conpr|5|ng steps of: neasuring a differential pressure
across t heVEr®et er; cal cul ating an expected fluid flow rate based

on the differ e?& n@inoR ﬁﬁéﬁhg%@vﬁﬁm %5'\9 et Ash&ae: E&M%tﬁ%i%%é{i@%s

ratetothe ca ate l'ow rate an detectlngadew
the flow rft er paraneter if the difference between the neasured fluid

flow rgte and the cal cul ate flu dflowrate iexceeds .a tg ﬁshold .
linit.>10 9. The rBFATBHRGR dHfeRFR Pre\?\?ﬁ’é? &irpssiah iPast PPN 853 HAVRFHy an

expected fluid Tl aufdige Sl‘i’%éc?eﬁ%ﬁer%ﬁt%? RlssirB BaRE R Eﬂo%ﬁ:ﬂ:ﬁ fii@W
i

neter to an orifice nmeter. 10. The nethod of claim9, further
conprising a step ofisdssitgrmining a flow neter coefficient. 15

comparing the measured differential pressure to the expected differential
pressure based on a measured flow rate; and
10 detecting a deviation in the flow meter parameter if the difference between
the measured differential pressure and the expected differential pressure

exceeds a threshold limit.

2. The method of claim 1, further comprising a step of measuring a differential

15  pressure across the entire flow meter.

3. The method of claim 1, wherein the expected differential pressure is obtained

from a previously prepared plot of differential pressure v. flow rate.

20 4. The method of claim 1, further comprising a step of storing the expected

differential pressure in a meter electronics.

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

25
6. The method of claim 1, wherein the flow meter comprises a Coriolis flow meter.
7. The method of claim 1, wherein the deviation in the flow meter parameter
indicates the presence of a coating in the flow meter.

30
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11. The method of claim9, further conprising a step of storing the
expected fluid flowrate in neter electronics. 12. The met hod of
claim8, wherein the threshold [imt conprises a predeterm ned 20
value. 13. The nmethod of claim@8, wherein the flow neter corrpri ses a
Coriolis f ter 14, The method of claim@8, wherein t

devi at! on $t o 14ag T feelnpiriiEP 350 Fie BEELRo e S GEEHEbEsIeps
coating ingghe flow neter. 15. A nethod for detecting a deviation in
a flow neter paranmeter, conprising steps of: neasuring a differenti al
pressure across amehw'mlg aglifferential presurg attossvhedtosr me®cal cul ating a

friction factor on a neasured. flow ra nd .t h asur ed

i fforonti al - or esCaRbaTEgh SERTEA AR sE b on b ERERaRH G Sroues apd
to an expected frighpRhg AatRnrddansd 0% rhitdo MRAGWuRHed 101 o RitPRd
detecting a deviation in the flow neter paraneter if the difference

bet ween the cal cul atdetécting & deGatidndsttee ﬂ@ﬁdnqttraﬁaeam@@uéﬂlefdiff@nen@m

o o peed e R R o ifisbtoctiyid oy T AT Guliotd BB e ot

equation: DAP f 2-2 eNcdelds a Wredteld limit.

10 9. The method of claim 8, wherein the step of calculating an expected fluid flow

rate comprises a step of characterizing the flow meter to an orifice meter.

10.  The method of claim 9, further comprising a step of determining a flow meter

coefficient.
15
11.  The method of claim 9, further comprising a step of storing the expected fluid
flow rate in meter electronics.
12, The method of claim 8, wherein the threshold limit comprises a predetermined
20 value. ‘

13.  The method of claim 8, wherein the flow meter comprises a Coriolis flow meter.

14.  The method of claim 8, wherein the deviation in the flow meter parameter

25  indicates the presence of a coating in the flow meter.

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

differential pressure; and
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10AP = Differential pressure L = length of tube between pressure
taps f=friction factor V = average fluid velocity p = fluid density
15D = tube dianeter. 17. The nmethod of claim 15, wherein the
expected friction factor is obtained froma previ ous nmeasurenent.
2018. The nethod of claim 15, wherein the differential pressure is

measured across t&ﬁgﬁﬁh bk dall@iteefRtion Ebtdhe affekhuetbdaticGbafatiol dased
wherein the expected friction factor is cal cul ated based on a

Reynol d' s number f opn theameasaeediiboy rateaud detesting g depigtiomingthadloponetsr
claim1s, further ng@ﬁfetse nfgthgd&f"e?%gfb?%}e%n H{éﬁ: Cflﬁ?aftg&(ﬁﬁfiBﬁ %apftgr Vé\i}i}ﬁ ltl?enn

factor in nmeter el e€tronics

the flow neter conpeimesddri€iud fatios cideody ShradbldTimit. 22. The net hod
of claim 15, wherein the deviation in the flow neter paraneter
i ndi cafes the presence of a coating in the flow neter. 23. A

met hod forn gdet %Eg{kg R VA Dmbfifink sRY JFRLE1aRAY AR RN factor

conpr|3|ng steps
comprises using the equation:

— DAP .
7L’
Where:
10 AP = Differential pressure

L =length of tube between pressure taps
f= friction factor

¥ = average fluid velocity

p = fluid density

15 D = tube diameter.

17.  The method of claim 15, wherein the expected friction factor is obtained from a

previous measurement.

20 18.  The method of claim 15, wherein the differential pressure is measured across the

entire flow meter,

19.  The method of claim 15, wherein the expected friction factor 1s calculated based

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

25
20.  The method of claim 15, further comprising a step of storing the expected
friction factor in meter electronics.
21.  The method of claim 15, wherein the flow meter comprises a Coriolis flow
30  meter.
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measuring a flow tube tenperature in a plurality of |ocations; and
calculating a tenperature gradi ent based on the neasured tenperatures
and detecting a deviation in the flow neter paraneter if the

cal cul ated tenperature gradi ent exceeds a tenperature gradient
threshold. 0 24. The nethod of claim 23, wherein the step of

cal cul ati n¢g-a tBigraethod pEclginads, eﬁter@@ﬂmd@wm@an&m%aw mgte parameter

t enper at ur w fer 1 NI to a flow neter outlet.
15 25. The l%dgﬁt%glﬂ nﬁle{eg?én@%séoa\aﬂ 1%ﬂt Re™ {ep of calculating a
tenperature gradi ent conprises cal cuI ating a tenperature gradient

froma first flowtube to a second flow tube. 26. The net hod of
clai m 23, Fur t hbmedinddor detegiing asdexjation injaflovt melgr BAraBEer. FgIPHSIESEPY
fl ow f t he cal cul ated tenperature gradi ent changes by nore

t han thres%old l[imt. 27. The nmethod of claim?23, wherein the

tenperat ure gradi seasuringashol aibk senpfeestatecinmg phadlityT [adtidhs anét hod of
claim 23, wherein the flow neter conprises a Coriolis f]low neter.
29. The nethod of €aleH %ﬁ%@tem%rﬁgfq@@naé@ﬁeéppdhp mRaurR tempGFaREeLAnd

parameter indicates gbRerif 585N the AAFNAAG dalarhdlér ik lHRWa1TRIRLd
temperature gradient exceeds a temperature gradient threshold.
10
24.  The method of claim 23, wherein the step of calculating a temperature gradient
comprises calculating a temperature gradient from a flow meter inlet to a flow meter

outlet.
15 25, The method of claim 23, wherein the step of calculating a temperature gradient
comprises calculating a temperature gradient from a first flow tube to a second flow

tube.

26.  The method of claim 23, further comprising a step of detecting a coating in the

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

27.  The method of claim 23, wherein the temperature gradient threshold is

predetermined.

25 28,  The method of claim 23, wherein the flow meter comprises a Coriolis flow

meter.

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

indicates the presence of a coating in the flow meter.
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