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VI BRATORY FLOW METER AND METHOD FOR DETERM NI NG A
FLU D TEMPERATURE OF A FLOW MATERI AL Background of the

wo pooefsisesr 1. Field of the I nvention The preseP€T/US2007/081413
invention relates to a vibratory flow neter and

met h a re particularl t Vi W

ot eV B HOMGF RS ABHLR -%m%ﬁw&?ﬁm BifwininG A
of a flow Rﬁw

V'bratlngFg§% U|t1g€§§ors suc ??gﬁégqﬁgggLflow
meters and vi brating denS|toneters typically operate

by detecting notion of a vibrating conduit that

contai ns a fl owi ng Baskgreund ofthedaventdan associ at ed

with the material in the conduit, such as mass fl ow,
density and the Iike, can be det er mi ned by processing

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

t he T kpmtenhlgwmtnm licddtes ol d whragyrytitow getaraadingethpd and more

af f t he c nbi ned St.i ss .and d in
padiguFEb B F YrEEme Oy HEC LG RItRg 'EofiaaeindiR (NGl ©hperature of
aﬂm‘;g{aké}lalcont ained therein. A typical Coriolis nmass
| ow neter includes one or nore conduits that are
connected inline in a pipeline or other transport
stem an convey material, e.g., fluids, slurries and
2. ¢ emepies) thaPEefderdyst em  Each conduit may be viewed as

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

exanp hg, torsional

detgitophedets) ﬁﬁ:ﬁlly bpeatd ypi@attifgombabh 8 ARitgatinOvonduit that contains
nmeasur enent application, a conduit is excited in one

a fbwvlﬁe neateriddy é’mpﬂm@ﬁo@é@cla@d avitrathe mpagerigl) in blee ‘tQﬂd@ltgﬁlCh as mass

conduj d not,i o t conduit i s nmeasu
ol 3G ERCE e AR TR ere b B Ind MgRRpeHeGidha
rede ARG th YndHMvr SR duddts atodiatddal Bk theCeddiduit2Mhe Vlbratlon modes of

el ectronechani cal device, such as a voice coil-type
thedvibreging matatialplelledisystenn henaralhdaiictaffoated pethe edinbined mass,

it “GIAJTEENE HHALEt B Hiice Rt REBRTH P I T IetRG
cobtbRIYMGEH, | ocations. Two such transducers (or pickoff

sensors) are typically enployed in order to nmeasure a

Vi braatyipomadCorielipanseflofv méter fichwles onélot tnode ceatudtyitia are
cor?r?e%te%rmhne in a pipeline or other transport system and convey material, e.g., fluids,
slurries and the like, in the system. Each conduit may be viewed as having a set of
natural vibration modes, including for example, simple bending, torsional, radial, and
coupled modes. In a typical Coriolis mass flow measurement application, a conduit is
excited in one or more vibration modes as a material flows through the conduit, and
motion of the conduit is measured at points spaced along the conduit. Excitation is
typically provided by an actuator, e.g., an electromechanical device, such as a voice
coil-type driver, that perturbs the conduit in a periodic fashion. Mass flow rate may be
determined by measuring time delay or phase differences between motions at the
transducer locations. Two such transducers (or pickoff sensors) are typically employed

in order to measure a vibrational response of the flow conduit or conduits, and are

typically located at positions upstream and downstream of the actuator. The two pickoff
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typically | ocated at positions upstream and downstream
of the actuator. The two pickoffsensors are connected

W@ 2008081588 oni ¢ i nstrunentation by cabling, sSucPCEES1997/081413
two i ndependent pairs of wires. The instrunentation

receives signals fromthe two pi.ckoff sensors and
SCIPBUS $8RNGCHRY! W elrrdioqiq WS RERLataN B crQlints SHelka Y by
indgBLucEBat S by, TRl intokigh iRl S erliHoRhe two pickoff
servassarid rocanek therinkls ihlordargd detiee b nidssiElooeratd@atadubhanent.
fluid properties have on a vibrating flow conduit or

f | oW RiIYiftosy masRevseeh af LotiobvAstars and wibsatpohdensitamsisrs,
i_nf i es t i.nf of ..
meaus SRS HoainCb IRy YR B NS mOAR s P b AR Syes have on
a vihativ@Flodd ddduiR @k flosv &dlfts.t Plodfel € tfloRe@sdi@BBration is also
_accuracy is tenmperature. Tenperature affects the
infleneed by othed valiiahders iand dhe ipfloprget dfgbessfvariables npwt be compensated
P conﬁlui t (ror conduits). As a result, the tenperature of
OLIRANG NS et eri al i npacts the fluid vibration. In
addigjeQRriabR&h &L Rhowh th a AL YR ufdhent BBRBAG! {tEmBErature.
the flow material over time, wherein the opéerational
Teppepurki adtectsi the neiaiad endidirhertsimnat heopgeidsoftlenflewatudeit (or

cop ik ARG B e Raish Vo ARG et Goraion
In Q&@{ioﬁ,acﬂé‘?ﬂetté?’Wﬁlhdcﬁ'évgmgfeguﬁﬂéEﬁufesoff RE R\ mBlefiat b&e@ltime,
purposes equal tot he fluid enper at ure. The

wheeas theespanitichl prpettepatlahung withtthecidnQwis engratute.

not a trivial task. One issue is the nmounting of a )

t enpéederupaagishebinterpids thedpppemture of denmebrating fley pepduit.

| ower e heat, {t.r fer through. the neter and results
B ot ARt LR Tanb AP MR L erihED LR BFRteh urposes

eqi1@d Bey flddmBhpérabigeper ature accurately reflects the
tenperature of the flow material. Depending on the

heatl'ht namsfremenaphibicltemperafure héthegiay senshe 1sardyiagnivial task. One
. tenperature, and a tenperature difference between th
s gt SAACE SREE SrHvor.of g BBF e AE G Faaning
loﬁffg@v% Rat En Wbt thrd @ hb e ARG Rl rel BRRR p[éﬁl#&%ﬂl?é P‘%gﬁg ment

material. In addition, coating of the Ins
errbtye Ahahemmedueris wihetheahfngater tehpeteeate dccaasdlereflects the temperature

R A CIE VT AR g
ten;‘[é]efgt%pé/ aﬁ{i .a%lglb%gtd;@h?fér?rhce' eft'f%éﬁ/ fh%%v@ﬁfé?errﬁll B84 bR meter, for
e I nvention. he vibra ory OwW neter conprises a

exdrhply, 1R tretcaRadRRItire Wit laditiacding tehperatige b M flow material. In
conduits, a meter . .
addition, coating of the inside of the flow meter will affect the heat transfer properties.

Summary of the Invention
A vibratory flow meter for determining a derived fluid temperature Ty 4., of a
flow material is provided according to the invention. The vibratory flow meter
comprises a flow meter assembly including one or more flow conduits, a meter
temperature sensor configured to measure a meter temperature T,,, an ambient
temperature sensor for measuring an ambient temperature T,, and meter electronics

coupled to the meter temperature sensor and to the ambient temperature sensor. The

2



10

15

20

25

30

tenperature sensor configured to neasure a neter
tenperature Tm an anbi ent tenperature sensor for

woree0sise]) an anbi ent tenperature Ta, and net ePCT/US2007/081413
el ectronics coupled to the neter tenperature sensor

and to the anbient tenperature sensor. Thengter :
IR A HUREEVE 815 T JanpgatERe eand the ambient
et ar &@E%érfdhgé&d@? Iﬂ\e/ﬁékgae?ei?f}?g e}J{htle(ringeriat %@Iééjtr?de_rﬂg)gv of O faaterial in
thef Vibwtomtfeow aletérnusinpethe intotat tomypefatwe Typdrel the aibdertt emperature

neter tenperature Tm and the anbient tenperature T A
Tamet hod for deternmining a derived fluid tenperature

Tf _de f naterial i ' ry-flo [ 1

—% ¥ éi Jg% Hétgﬁ%ﬂ%ﬁ{gg { ggljt“ﬁeéi .Lﬁd\félﬁﬁ%%&lrél(_ﬁéde - Vyifglgftldo“:“\xz material in

I'S provi ccor i nven e

a v@&ﬁﬁ?%jﬂ%& IBRS W hriodided et & didceBRRE Afvieh€on NThERREHSd ddnprises
an anmbi ent tenperature Ta, and determ ning the derive

mepbwing @ srwpartenpereture Tdepeasifringan drnlpanttamgeragireiTn, e

Vi brat o | ow, net usi the neter tenperatuyre Tm.
et et sy S TRuh ool s AT s HGR il o Vibratory
flofetefefuBinD Sh @& tMBferhhié T LBIREE Ahbleft EingdeRMreof,. a

flow material in a vibratory flow neter 1s provided

accéy ghiethgpdtfor détermmuend demvedThed nehpadtucopy.i.sds flow material in

measuring a neter tepperatuyre T measuring an anbi ent |
a ViRIA{OBY AlOT BCtER 1S REQY KICHiARFT ingrig b HvgBEO | Hhgimethod comprises

f Al N
n SREL SIASE, Hp 8RN, T, WG O THER AR T. i
theadtiviel dluadriingiratuTPEL Ao tie Tew ninerislen eidTibingryoiie ofcter

nore flow characteristics of the flow material using.

using hq mgtey terapgratiag Unand shaqemhbisat fesrpcadvie: hi Anchgetgrmining one or
derd ved fluid te ratur f .depy flow materi al

e Gy PE e oo e o Pule SRR ™ e

| nVenfnetidd fOR8etbBhinath £a8mFddsmsid W@fﬁ?@tﬁi@@ T8, TR3fef flow material in
tenperature Tm nmeasuring an anbi ent tenperature Ta,

a valprdtome dlow inpgr as pressied adcdridingdotteerpweation. e THE metusl. comprises
he. met hod furthe

T i . det 1.Nni t he deri d
MeARYTNE § B LSBT LeoBoaorings AT RN EraeTaa e Iy Tk

me\éisﬂ&‘i@é?fﬁéa UrQWV IR Rnpdsdti@ the  Mehe i HIPRLBELESIRes
and the a a

ient tenpérature T5 and determ ni ng
deteaatning tHeadeeivedvfiuid engreeatore TmL,e of thewl oo nditériad iothet\bratory
vibratory flow neter using_a difference between the
flonemeisr veingths petes fyyaparetire TarnddheamRignt ivengetikeel, and

i £ . ) i |
oL ST 18 Rty RETA A DR
mdtdrausitgr 4 dgtbrérdoditdtween the measured fluid temperature Ty peqs and the derived

fluid temperature T gery-

Aspects of the Invention

In one aspect of the vibratory flow meter, determining the derived fluid
. . . T -TC .
temperature Ty gy further comprises employing the equation Tpgehy = %, with

C. comprising a temperature error coefficient.
In another aspect of the vibratory flow meter, the meter electronics are further

configured to use the derived fluid temperature Ty 4., for determining one or more flow

characteristics of the flow material.
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T- TC) tenperature Tf_depv further conprises
enpl oying the equation Tf _depv =-- a- - , with Ce

W@ 9po5ssBhg a tenperature error coefficient. |PCEHOBINE081413
aspect of the vibratory flow neter, the neter

el ectronics are furfher .confiqured to use the derlved
f1 ui %Y@@%@}%@we@t o thgepbrarasy Yigex @ﬁtﬁrnﬁﬁﬁ st lenirapissgre further

coﬁﬁ ﬁ&: hRE&GHE Ubﬁ%é&ﬁuﬁftelgi?gramre ﬁﬁ'c@inpkﬁ‘s 121& a f%oevg conduit

er aspect o e vibratory ff8w nete
stlﬁfh&stroni cs are further configured to use the deri ved
fluid tenperature Tf depv for conpensating a flag
conduyet anoflfer garest of ﬁleyfé'?mmﬂ%f mgtpdBe VETatoRe flow meter further

C01¥1|8P1 é’%t oﬁMldf 1?]3 qu-{ g Sel’lSOP g?ﬁlﬁéﬂ'g& 90r Pfletagu%v 'ﬁ?éa%‘ gﬁlﬂ‘ul@er

nprises a sensor COﬂ I gure

teﬁﬁq]%:mr@mmem$w ﬁ@lwfrhatbﬂalt effheh@hisi@ cldcuivpas teing dfigured to
ow naterial, with the meter electronics bej ng

detgonineghe derivesl Geiddemperatirnd’: dordfitbe flomuindteriehpetha vihratory flow

e o e R o sl e Bt RS ERY T i fgtermine a
coétﬁ{g’l%{lé!t\%&lﬁn-%e%ﬁ‘%&g FRWEARIufs 6PAL \ngalt(ﬁ*ﬁeﬂovy\’hfemrrﬂlsmg a
one or nore flow conduits of the vibratory flow neter

diffsemg taede éleemmumdtﬂmé mmlbmrama@§uﬁegdmﬂlthn derived fluid
terrper ature Tf _nmeas and the derived fluid tenperature
tePerg¥Ek [ ediv- yet anot her aspect of the vibratory flow

et @l ve Hﬁ%tﬂ@?%ﬁ% c%?&fer\%&‘a ‘é‘x/ &‘éfe‘rl}‘ﬁé nfQ& él&‘ﬂfo%ﬁ’cs a‘?e further

det er ne a erature err act or ‘terror conp

corfegured t-d¢tdfmineasempdifaturd et faeerpRL e cbm@rlglﬁgaegoat:wmnw -Te
error factor Terror to a predeterm ned coating
derit| HAOERINGE Ehe tam@e@@rré reartOé f%ct@ro&mrﬁ@ a ipreflceeitingd ¢0rat1ﬂa ghreshold,

ratur [FO EXG
and E IR R AR BE e RS P e R T SRS o sncda e
pre@fetglﬂ@ﬂé@&faghgwremoqu net er, the neter electronics are
further configured to determ ne a tenperature error

f acfoyetRaothor aspaepof tiengbratry ékovxtmpwr_the aseter etécgroanecp\qre further
C a e terr‘peratur err or ctor Terrar. t a .
coffaReE & At RminE BIE R o SR ot ghngr COMENSPE Taone = T -
derw%t &fn‘lﬂdr@ & AR %ﬁ%r k5D T2Nn ¢4 Qi)réae%‘é?ﬁmllé?l' %aﬁﬁg threshold,
I ndi cation I t he ten‘per at ur error factor

ancT gem@ateexxSIeﬁHmtiolneInp]?led@(SiP}ramrb/dr Chahilng’lader @ Rpimdlication if the

one aspect the nmet ho det e({m ni.ng the derive
terRpIRYTS FHe ﬁftoar eroTFX g Vth eprec eﬁergm)led coating threshold.

In one aspect of the method, determining the derived fluid temperature Ty gesiy

(Tm B Tace)

further comprises employing the equation Teye4, = 1-C)

, with C, comprising a

temperature error coefficient.

In another aspect of the method, the method further comprises using the derived
fluid temperature Ty 4, for determining one or more flow characteristics of the flow
material.

In yet another aspect of the method, the method further comprises using the
derived fluid temperature Ty 4.4, for compensating a flow conduit stiffness.

In yet another aspect of the method, the method further comprises measuring a

fluid temperature Ty e, determining a temperature error factor Ty, comprising Ty, =

4



10

15

20

25

30

further conprises enploying the equation Tf _depv =- a-
-, wth Ce conprising a tenperature error
w@omwbosisBent . |1 n anot her aspect of the nethod, P€TES2007/081413
nmet hod further conprises using the derived fluid
tenperature Tf .depv for determ ning one or nore flow )
Tiohar Aewen COMPEEN G KEIPETAN FETFAPT | 19 @tPrefserAuped coating
t f . . . i
e BSRAS apf ech ORI S WPfting, PRATELD I A hPSIUAOTRG! AERr Ter,
excedp arsatddtgmaintd ovatantitesholklt i f f ness. I n yet anot her
aspect of the nethod, the nethod further conprises .
neaduyetrpother pepast pihsanethod.dhametadsfurther eqmpprisos gneasuring a
t At er actoy. Terror C rl.si Ter
e N e, T o s BB R e

cofmpgibiap TIL T, 1.Q - RL §0Rn@FatindaRe CRidritdrd (@SSOl T, ., to a
and generating a coating indication if the tenperature
pragicteomirfesiotonting drregiol drend gdsenabing prderdlizationled’laesaiSIRgand/or

t hreshol d .yet anot.her, aspect of the hod, the
Cloge AR N BbuER Y wEBE G et Hdthen Shrines the
prdR PR RIdWRLTE (ie@Rld determ ning a tenperature error

factor Terror conprising Terror = | Tf _meas - Tf _depv]|,

conparing the tenperature error factor Terror to a
predeterm ned coating thresho and ,generating a

d,
Sterilization-In- PI%%SérMOP)OfJatHBR}’@“@%%n- I n- Pl ace
(C Rygi PGt & Ql'faﬁiéthB{ REwLROREL b‘ﬁﬁngﬁrﬂ%ﬁv %?&%E?eglbly and

Terror exceeds t edeterm ned coafing thresho
mdbasdedtfpinic@n of the Drawings FIG 1 shows a vibratory

flow meter conprising a flow nmeter assenbly and neter

el edl@ohplays teqibratoshdlpyy mgter aperdingrty ap|cahodenent of the
invae%g&rldi ng to an enbodi nent of the invention. FIG 3 is

a graph of a flow neter tenperature error according to

an engoslig®ptapRioftfRW Meeté@peraftr&errdr Acoddihl @veh afmbodiment
of a nethod for determning a derived fluid

of thenpeerdiomr e Tf _ depv of a flow material in a vibratory
oL er, ASG2Tgh 08, L. ARSI o LYe 0 emperaure T,

o A6 EOR N EatcRa Bl aeﬂ'gloa%mw ﬁfetérré%cording to an embodiment of the
invention.

FIG. 5 shows the vibratory flow meter according to an embodiment of the
invention.

FIG. 6 is a flowchart of a method for determining the derived fluid temperature
Trqeiv Of @ flow material in a vibratory flow meter according to an embodiment of the

invention.

Detailed Description of the Invention
FIGS. 1-6 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

5



10

15

20

25

30

invention. FIG 6 is a flowhart of a nethod for
determning the derived fluid tenperature Tf-denv of a

WO b@wosesserial in a vibratory fl ow neter accorBPETgS1007/081413
an enbodinent of the invention. Detailed Description

of t on FIGS nd the follow.n
feausy Psm i f@m €an Reyeam rined U L SVYS t GarBhmyhipde variations

of ﬁ‘lf% ihl &fidnn AdSrlhk ﬂﬂ@%\%&tlgﬁ@n@tﬁﬂnff'ﬂé@t& tﬁﬁ ﬁgﬁﬁc BRf8ples

he 1 nvention. For the purpose of teachi

dedonibed belosy, biut oclybyethe chime and theenéquovidentaspect s have
been_si rrpllfl ed_or omtted. Those skilled in the art
wi | FlGpprlayat sibyaeriaflpyrseter &P IRESs B naaict asaembly 10 and

i el il P S0RE L bE. AYEAL]ane TBRE, St Ledbiy 10

e ar appreC| a ea ures descri

v1ab1@b@§/\4 (I()aeihcbl@ c@ﬂﬁ@du’@@@o pfbv‘{@er NO&SIr YRS bOohOHNMNGLY &f a’pﬂ@asny,
variations of the invention. As a result, the

mass{lewt tiaten voRinpotlowiratet dalized mirss Slosc |t¢mperebuawlné3)ther

i S d Copt eunifibgaln 28, el Tt kg sied in the
artQHa[ERﬁé ﬁfe@&ltein'f/érﬁl\@n@h &k 1R8S ﬁf‘iﬂyy 30 0204 riBRE Rlass flow meter
el ectronics 20. The neter el ectronlcs 20 i s connected

regaodlesseofithe aumbsiseidriverd Qicki-afflseaabss, FBOv aowtuits, or the operatlng

configured to provide asurenents of one of nore
maglerdigratioms h 4ddiion. 4t BoulbpeEOREH i i Iﬁwgrqtezrédcan

ahg{%ﬁﬁ\,&#gg{tnrp%%g@ ]ﬁg%g}? df H{%tt%}d bl nf or mat i on over a

conmun e apparent to those

s k i mhe dlowmicheg aasretntﬂiﬂ av ihdled@resands ﬂamg%@tm@ anéan1'Peanifolds
in any type of Coriolis nmass flow ne

102 é@d\ﬁ@? e griger tQe pPinlingfé ﬁe@prwlr%v@}dsl%pl 9@!@1 ﬂﬁ\’f certdisrl93A and

logfégmhlggdﬁg%r E§4 (L htghpgcko Bﬁr S5 snor e@? ?ﬁ%{t’f)?‘\élreb %(?r}n:ﬁgtﬁgtt% the flow

cordisanN 038lAt #IdhriIp/el y conprise a vibratory densitoneter.
The flow neter assenbly 10 includes a pair of flanges

101 Imnge ¢@bodinreamtithe fldw dd@dudnd03N2nd 183 Browgrise Gubstantially U-
f s nsors 105 a 105 and fl ow nduits, 103A )
sl e o R An TR Foteraniy sy orha SHPaRatieybd s conduits
ca@@&nﬂﬁ?e uﬁ"fsﬁnﬁ W?tﬁ:%g% ﬂ&VtCBﬁ?.FIIZSOVH&\QWI (;tﬁerjs%%ﬁesa% also be

I'n one enbodi t he ow conduits 103A and
uséld)aﬁd acnpithsehs @mieajftthcadd:sycriplahmpmﬂc]faimw conduits, as

oo i B sk GEP GRS i St
mAAREH 0D andOMBY iy bPAARREA %&lefoséitg %ﬂdsaé)ﬁeps&%er 106. The spacer 106
maintains the spacing between the manifolds 102 and 102' in order to prevent undesired
vibrations in the flow conduits 103A and 103B. When the flow meter assembly 10 is
inserted into a conduit system (not shown) which carries the flow material being
measured, the flow material enters the flow meter assembly 10 through the flange 101,
passes through the inlet manifold 102 where the total amount of flow material is
directed to enter the flow conduits 103A and 103B, flows through the flow conduits
103A and 103B and back into the outlet manifold 102', where it exits the meter
assembly 10 through the flange 101"

The flow conduits 103A and 103B are selected and appropriately mounted to the

inlet manifold 102 and to the outlet manifold 102' so as to have substantially the same
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used, and are within the scope of the description and
clainms. The flanges 101 and 101' are affixed to the

wWOoreewoOsises 102 and 102'. The mani fol ds 102 andPdDBS200Z081413
be affixed to opposite ends of a spacer 106. The

SRRt BS, T 03r 05, SRECARR BSMEERANS, B0 05
Wiy bhew ey nb%ﬁﬂ;ggbélg F93 03Nt %@10%%?1*0@1#&%% outwardly

met er asse inserted 1nto a conduit syst
frofmthic ranafeids Mﬁ ﬁ:rtd tel’rihes eﬁd’mtlﬁllpwarmﬁbbfaslabnbel ng
measured, the flow material enters the fl ow neter

assdansiflp M@Oftdwrtéd@%mé 110r°>§nage drlr?rqn by élaes‘érévqrﬂpé dyRPPPrate
dlre&tlo%t tI th18 agslpé t% V@eglﬁ(iene%q% %d V@%lﬂi at t1s t%%%(})\the first

er the fT ow con

ouﬁ@%)ﬁbgégen(ﬁh Wiode f edNow igetbt SWTEO aeerd ﬁ)%&ﬁc@rﬁhﬁrlse one of

and bac into the outlet mani fold 102', where it
magyiwell kmevmreltremgeaw@muqh as0a magnefghourtied fd tiangbpmoqndult 103A

1t d t
and B35 o O Mo isdg Nog Sononi BE A a0 S 8tuss iy prssed
thrbl1Eh @1 os BRI Sad @i Cordfith Qo BRYRacE! tasrmbleadrﬂl% signal is
he sanenmass di stri bution, nonents of inertia, and

aplelhalsby thenpetat esctadves 20 toethbelnigen gO@xmshWe%ddriﬁ W- W
e R S B B3R 508 1
resgéc;‘;%g\% aﬂlé’ m% 3 elc‘?rlo fc@%h é)‘?gduc-ggg d&%&@l@%pgﬁ' 'tﬁeslea'(p %ﬁ) which

er Ih opposite

B are rrven

cauiek €at drives 1ab<u¢rbsdﬂlae rtl&sﬂewtdom&ulb@emﬁm and@xe3B.WIrae thdtér
and at what is terned the first out of phase bendi ng
clegigeicy £0 ﬂ)ﬁeceﬁre@\xh%@ﬁeandsrlghrw@qw\swna Orﬁébe E]@lﬁﬂff gasors 105

,of n known ran
anf 35 th g Yo REhput T A I F ME S0k Ry e Do hellF 860 Bfovides an
inpiR 4hd gﬁl otiput hReh e MAE Il dwsl 3 Bnetbhelabtk&itaL 0 ROin€d#FAc8Mith an
i s passed through the opposing coil to cause both

Ope:t@tmr@rrweth ghosdettratiesystersui Thbtescdptior o Fnal isi rzrowded merely
applie the meter el ectronj,cs 20 to the.drive

as 38 Brrigle b St o EBEPRLNER st Sudditpmelss pad Whot
SN %‘??s% I?t‘ftq] 111'

lntr espggtlﬁlg%éa(ﬁ%%etﬁgﬂre gttllg%ﬁr cs 20 pr oduces a
dri ¥éGs? ginals thie ilratdre dldbwl hdtentdi achoddnsesant drebattimeat of the

O4to}c1)sclllatetheflow rége 5103Aand1 ﬂ%{ The
inyeatigh. dheyitrgipnedovangene sithe flowsmetghasse 10, the meter

ele\fﬁbﬂ%k EM [E?ltecin &Q{Hr% Ee%sef Q(lﬁ[ %ﬁi aﬁ%ﬂrcb%rﬁ t%rﬁéer%ﬂﬁle sensor 208.

rto € a nmss

The mmﬁ@bta@mre Rahidor 264 phO VhdasbRAt reﬁmetataleokeﬁrbrmaﬂs dh be
means that allows the neter electronics 20 to
coypled T theangipt ¢leetronics 20 in some embodiments.

The meter temperature sensor 204 is coupled to the flow meter assembly 10. The
meter temperature sensor 204 can measure a temperature of a meter portion and
consequently can measure a meter temperature T,,,. In some embodiments, the meter
temperature sensor 204 can be positioned at any suitable location on the flow meter
assembly 10, including on a flow conduit 103A or 103B or can be positioned on a
manifold 102 or 102’, for example.

The ambient temperature sensor 208 is positioned away from and out of contact

with the flow meter assembly 10. In some embodiments, the ambient temperature
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operator or with other electronic systens. The

description of FIG 1 is provided nerely as an exanple
w@Roovls1seper ati on of a Coriolis flow meter or PCT/US2007/081413

densitonmeter and is not intended to limt the teaching

of .present invention. FIG 2 sh t he .vi brat or
Serfspaéﬁfn@[ @Pw@steé&%%qerﬂj the, Flgpy TagiSb 31 FSRYCVE, it ﬂ]@uﬂ be tinderstood
. g br | . he .
o A R ERR R o TRy & D R ion. T
amividng terh gorpiairas ank er ZEseisuzédan anbliecanteatperaate T,, such as an air

tenperature sensor 208. The neter tenperature sensaor .
terppRratid foexagiale-e hhe pabiral AnpeatyEnsasoll earbegecal to or distant

I .neter electronics 20 in sone
frogl?ng%dﬁ%g}n S‘Et@%ﬁ(és %e&'ter tenperature sensor 204 is
coughednitlerit hémpéramir&BO &M AR IDkiyicli) be Bheud®mhBient temperature.
tenperature sensor 204 can nmeasure a tenperature of a

Insteade theppambiceirtempdraton da gae nomprisai terepasatuee weavrement that is

t enper at T In, so enbodi ts, the neter
stronglspitelatad todhe bl luthr e TEe Aicarrolgmperdiyy a feedihrough
terfiptirh@Bl, @¢d, ocation on the flow meter assenbly 10,

including on a flow conduit 103A or 103B or can be

posilhe om#er decteomesrl(F slednfifg@redrto t&¥2ive the metorademperaturhd’, and

anbj ent tenperature sensor 208 i s positioned avvaTy fr

t

. 0
the:21BPi6 0 teBPCEdWaotaNdideFriRe ¢ Aeny s W [RRIABYY T1@u q_frrﬁle flow
R RIS T R U ok SREF B SRR aFpAibion
terafe@bfuee e under st ood that the anbient tenperature

sensor 208 can be nounted at any suitable |ocation.

The Aabiiicdifts thanhBpwtioeter Yson sayy wog tenkagwrte demvethiidnt
enperature T ch n.alr enat ur fo
ter ARG ok e ng? RS ARl e oBc yafhegger may want
to k@salhottovaabtisst ant from the nmeter el ectronics 20. The
anbi ent tenperature doesn't have to strictly be a true
anbileseme embedmments detenmimag the dezivediilvah tenporperal uee further

Ta .can colrrgri Sﬁ a t% erature nmeasurenent that is
CORMPHFHRAIPIQENEINGEEHUY- t he ambi ent tenperature, |ike a
case tenpepratyre,, a feedthrough tenperature, etc. The
net dizq4.el e?et—’f—eﬁl”—cé—%)— 20 is configured to receive the (1)

net er terrpe(rlatc&r)e Tm and the anbient tenperature Ta
and determ ne a de id tenperature

rlv%%f.lu %.f.dep of .. .
¢ he "YRGSE, S BIF4FS 7 FRLEIQA BBy cror iRl RBHTo (o fgibration
terﬁé@aﬂ% &fort LIPPEEBAUE Sis T}'IEl@ﬂﬂ/ ddERRARY £t AGIRRLAL Haactory

calibration process, wherein the ambient temperature T, and the measured fluid

temperature Ty e, are accurately measured.

FIG. 3 is a graph of a flow meter temperature error according to an embodiment
of the invention. The temperature error is graphed as a function of meter temperature
minus the derived fluid temperature (T, — Trgey) Versus the derived fluid temperature
Tt geiiv Minus ambient temperature (Ty— T,). The graph shows that the derived fluid
temperature Ty gy 1S linearly related to the meter temperature T,,, when the ambient
temperature T, is taken into account.

The graph can be expressed formulaically as:

Tm = Tf—den'v(l' Ce) + Ta Ce (2)



10

15

20

25

30

A benefit is that a flow neter user nmay want to know

the derived fluid tenperature Tf _depv and not the
worggoeostseperature Tm Al ternatively, the userPEEYSWATI081413

to know both variables. In sonme enbodi nents,

determ ning the derived fluid tenperature Tf depv, _ .

f ur O ot 1 SBE RS By PPREARE R dron's PPV ol

- - . B I . .
e R e AR e E | A RO colbration
terhgrpratuoreccefficentc ddefdgubeod (IGabbse tapbeddrived from equation (2).

determ ned for a flow neter at a factory calibration_ .

pr o®etyringaerigitp e dpispeistenadhaents (heneeer ggtropiss 20 is

Luid t . A Tf re aceur .

forfRE A FRELP B PR 11t B Rleftnfning one or

mdr€ P eHavdRer@itic® of BHeCwl ini@eri). #or exdiRsle "B MHasPflowhiete (72) and a
i nvention. The tenperature error is graphed as a

defisifydip) oha dowmesteeriat eanpley datennained nsisg theedatareidibud tdnopatature Ty
t enper at ur Tm Tf .depv) versuys the derived fluid. .

s EBEP AL TRASHUOR RSO T ER G Gl cPee e onics 20 i

furlfdk confiB&red "c@?’s’b ﬁ@%ﬁv&? Abid t@ﬁl)?@?iét?fgﬁg_aefﬁl frdompensating a flow

tenperature Tf_depv 1s Iinear to the meter
condnperfaiess.e Tm when the anbient tenperature Ta is

taken into accg,unt.ﬁ;[&eﬁ?raph can be _expressed

f or HAT apetRficpnaidionygf therifovy gpien (e.gefor 2 prEti@Har tompRERLEe,
S R B bR HoalBRl e cloy
(At depedentth pickafftefisors. SThR@cabhdigis et BNRRIAELN(E) below.

error coefficient. The equation (1) above can be

derived fromequation (2). Referring again to FIG 2,

in hadi s the meter electronics 20 is
st ®

further to use the derived fluid
tenperature Tf _depv for determ ning one or nore flow

ot .

TSRS SR R IR g A s

calitrthgon &ctaramheectetduasnadepirieglly derideal zeredlofd ofifebt.
tenperature Tf _depv as an input value. In addition,

i n doad (s ainpasHY slependentinran tp stiffnewiand thogpgmetry of the flow
oA, R FUSETAE BB T FA e pom e
theStinhd PHURS Br time measurements are made. The stiffness is dependent on the flow
conduit’s material properties as well as on the geometry of the flow conduits 103A and
103B. For a particular flow meter, the FCF value and the zero value are found through a
calibration process performed with a calibration fluid flowing at two known mass flow
rates and at a specific calibration temperature.

If the stiffness or geometry of the flow meter changes during operation, after the
time of initial calibration, then the FCF will also change. For example, an increase in
the operating temperature to a level above the calibration temperature may result in a
change in the stiffness of the flow meter. To ensure accurate mass flow measurement
requires that the FCF value and the zero value remain nearly constant. This may be very

difficult to achieve. Alternatively, an accurate mass flow measurement requires that a

robust method of accounting for changes in the FCF and/or zero values is employed.
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For a set of conditions of the flow neter, (e.g., for
a particular tenperature, nount, external |oads, etc.)

WO b@sis8s f I ow rate is linearly proportional tRCT/Kg£2007/081413
time delay (Dt) between the pickoff sensors. This

[ e BEn3R g el ks G LO I gOPeF s Rece temperature

(TPRRPRk R BTSRRI R Babi Rl e it
thatethé vefdrenes enipcoatund. f set . The FCF is primarily
dependent upon the stiffness and the geonetry of the

f 1 ol i sRawNitRatghe medulus o chastieity changeyadthdemperagapydes result,
. tur he | ol ) t t r
n RSB0 B AP S RSy B8 DR o
thi9Bffbdt@nf the W dtRNEL fle] SstioRY € Thaky REQFeh b theastiokd mas flow

on the geonetry of the flow conduits 103A and 103B.
eqwronalr}@g(rdlmg: tenzperdtisveavepansatiqrhfer HgRmediiye oAalesti¢ity (E) or

zerp value are. found thro cal i bration process
YR RaF RSt frvat daPriaBhofPl o' 11 ow n ot e

known mass flow rates and at a specific calibration

te r el fath tiffness or geonetry of the | ow

rre?g'?_?lygﬁggg Q}Jtrizﬁeﬁg’)oper ation, after the tine 01(1)

initial calibration, then the FCF will al so change. '
Theorouegznippdylugrerimi Fedse - )t dedingp bowtthe § CFeaipagestaprrgsponding

to a |l evel above the calibratjon tenperature mayF
to a gBapge ip Aloavaeighiganeraturedraimithe rréergnest tepperatyigy( Tk tdiere (AT)

enNsyr e curate mass fl ow neasurenent requires that

co%%g?%é;f val’lie and the zero value renmain nearly

conghaRfope Dfitise &8 cdFanatimy ¢diid fyipedalllly deraedtidetough

Al ternatively, an accurate mass fl ow nmeasurenent
expetmentasort foata prti@larsfloweidiacdesignaardtunricng fhmily. The (¢) term

changes in the FCF and/or zero values is enployed. The
mayrhedreaged ast if ows peseenaliys theywpinealsithe slapé bf tieedoditlusof elasticity (E)

.specific reference fe rature. (TO) . However,.in use
Wil B prBly ot B e oht Bl duBbraeRIbRy I raor el s the ful
ro AR VIR 1 B Bpral TPR] Al fk Yt Ron-lincariey,
higherpeicapuolyaomids avelsedntemploydéde hutico corapenshteefondss change,

fl ow and density equati ons have been augnented to
SUGCRAVAIPB IO NGV ef f ect on the modul us of el asticity.

The typical formof the prior art mass flow equati on,
i ncluding tenperature conpensation for the nodul us of

el ash Lgrdy - ( Elp, AT YQINGTS —pdNT Us ¢, | £78).v&N- kdp. 5
equation (4 )k?el ovv.%ln:FCF%)E) (A# - zg)rg) (4)0) ©)

The higher order polynomial (1—¢ -AT —¢,-AT” . ..) term defines how the FCF

changes with a change in flowmeter temperature. Consequently, the derived fluid
temperature Ty 4., can be used to compensate mass flow rate measurements and to
ensure that the mass flow rate measurements are highly accurate. Further, the derived
fluid temperature Ty gy can be used to compensate a flow conduit stiffness
characteristic.

A Coriolis flow meter can also measure the density (py) of a process fluid within
the vibrating frame of reference. The period of vibration, squared, is linearly
proportional to the mass of the vibrating system divided by its stiffness. For a particular
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The Young's nodulus termE =(1- f -AT ) defines how
t he FCF changes corresponding to a change in flowreter

W@ 20vpesEEstire fromthe reference tenperature (TR)T/USHIOT/E81413
(DT) conprises (Tf - TO0) . The slope of the above

corsiien PRl RGBT MRRGS FEPGHded i density
(Pf? Sq%egﬁg?gréfﬁﬂﬁ) A to ﬁ*eée%eglr?%l ual% e a5 ggﬁlo %Elﬁgtl§g0vgﬁ Hlll.l Equatlon

(6)Hel@hasticity (E) W|th tenperature However, the
nmodul us of elasticity is not always |inear over the
full range of tenperatures which a flow neter is
oper ate Ig@ count for this non-linearity, higher 6)
ordé)rf Fynom al s have been enpl oyed to better
corrpensate for this change, such as equation (5)

below. m =FCF -(\ . fr T-f- - £3 AT3 - :
The %F%rm S propggﬁogfh‘iysﬁo pt ?ﬁ(g%@-gtp% is ?‘Po‘i)tg?’% mt[ﬁ‘e ct)efﬁcwnts
C,hnd1d, oA dep efnaeI‘ﬁTo% the stlff)lests‘:f‘ff MEabineadiiidéh filefmass and the

changes Wlth a change in flowreter tenperature.
vohhmseﬁ}ﬂnﬁdt\mmm lﬂhmﬂdwrme/ceﬂ Thawaffiekpts GtandeC, THre determined by

can .be u t o conpens fl ow rate measurenents

Calatﬁatl%t@rﬁw SN WSS PF bUPVACERHGasyr oent o ar e

hi g f .

t oot SRR G dii B8 g1ed BECHRpEKER Ao Idncraturs, The typica
foropofithietdeatityf éqasion Clhahldﬁig%tr@brature/ésofﬁyensdtloﬁ for e modulus of

neter can also neasure the density (pf) of a process
clapfigifyd IBIVAR i) eqHationKY hbGloY- f r ame of reference. The

period of vibration, squared, is linearly proportional

to the mass of the vi brati ng systemdivided by its

stifd negs. kFoggaarticularcondition of the flow (7)

conduits, the stlffness and mass are constant and the

fluid densi ty (Pf) is linearly proportional to the
Theg?') %hﬁ&&ﬁie%%wﬂ‘ﬁb %]oRx?b&}Idu?cg)%'P:oﬁ shﬁar%\éﬁéhge@ vEAHAERSEe in

bel ow. termis a
fluRd @ﬁgfetrat@@amﬂomm %ﬁce&@&p@fﬁ@u@%T@eﬁ%ﬂe@ilcﬁﬁlMlﬁ@ﬁﬁed (i.e., T¢
The coefficients G and C2 are dependent on the
—Tad.i Theslope of there fuoei@ois dmplﬁ@llsaeh@te@mnﬁﬁ ehrmagls cxpredinedygation for
vol ume of fl UId wthin the fl ow neter.
a pageauar diasngterdegigy ocdlozy meisfamniyn étoﬁh@yldcteﬂ nespd thak jigher order

fu} I?l%ng Q%érﬁe%rfof?éfﬂgncé f%e%{ giitec é)e S%n ﬁ@? ﬁéﬁy t-ggl‘f)erature

ensi ut a nsat e
cotnPoiRRtidah lpf&;essT hehd yp) t’éﬁh can be treated as if it is the same as the slope of

modulus of elasticity with temperature.

Beneficially, the utilization of the derived fluid temperature Ty g, for
compensation minimizes errors in the mass flow and density measurements. The mass
flow and density measurements are improved by using the derived fluid temperature Ty
deriv Tather than using the meter temperature T,,,. Compensations using the derived fluid
temperature Ty q.qy Will be more accurate over changing ambient conditions than the
meter temperature T,

FIG. 4 is a flowchart 400 of a method for determining a derived fluid

temperature Ty gy Of @ flow material in a vibratory flow meter according to an
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formof the density equation, including tenperature
conpensation for the nodulus of elasticity, is given

WO p00o@sEsss on (7) below. Pf =Cr K 2 -(f) - C2 (WQT/Ub2007/081413
f ) termdefines how the flow conduit period squared

hanges with a change in uid tenperature Tf fromthe
e@eﬁ%ﬁ%ﬁ ob ticoRBEH e S&ePO‘;d,L 11 (B TASS1S) T eYdReEEr s
me(a'sul_%d 'irll 1fdef toTQQtain al gl%%ealt&ﬁgﬁgguré e ( f ) functionis

typically determ ne rou expel'i mentation for a
par in step d02f droambehetentesditgie Tris leavargel srpréaoudly didcuissed.
shoul d be noted that higher order functjons can

b
usedn piepP 4P thaidgg ved Buiskteaperagiretlappeisatetarmingd ﬁrwgl the meter
WE T i i o he (. f
IR PRI COMERR R Il e

of mpgheh Us4 Obnecdrafbiecidw chbrbbretigiqRes@tetefnined using the derived
Beneficially, the utilization of the derived fluid

fluiciepwezatuieel T crspve fionsly disgasssdt i on mi ni i zes errors
in s flow.and densit asurenments. The SS
1 obA Gt ey Rt R QT o e By o mRg: of the
inJeiodle C'oi’rﬁ)@n&lltk' il c S BARBNVAMEY bfher EmbI&RYentSdHAEE rdfl@Ace numbers.
using the meter tenperature Tm Conpensations using

In theebod et fthe fldwt reaipe b dtthe 1€ ludepy fluid teniperatmesensor 210.
accurate over changjng anbient conditjons t he
Thifiag IQHIFHUHER YHEOTT Oeepaneluds & Seppr slsgnar 158933@ gtends at least
f 1, i Y ' 1
08 1 D0 R EREE ) n e

floacesdditreg Tie Aowe mixack Sreeiefofe gdnerdtewvenichaited floidstesperature, in
401, the tenperature of the flow nmeter is nmeasured in

addifige o the BpeRfamperaBiel . federanbieet tyamperaiirg{legnd dipe resulting

n i.en e ture Ta is Sure revi ousl| y.
oo iRla ot {TBE aearod: PRASTFISULSY e PlfbcRaRties 20 can
furlifer GRANAd 8 sOLIESIRMRGh prc@dfeihRedRbAind BARALRE Ure Tm

and the anbient tenperature Ta, as previously

di sdusswdratie egraggactont]..orvende geperatdd foem the measured fluid
characteristi are.determ ned using the derived fluid
tergREBRrS ] tre A o AL PRRIERYS i seudCEE TG | Tymen - Tr
i ININE tdreriiubE Blr&Y fhcfor Q‘Qﬁmﬂgc{nesrub%cgféﬁﬂ? BknGed & &ermine a coating
nmbodi nrent of the i1 nvention. Conponents in conmon W th

withtitn ére fdovb odndmnosfiskapeduief er ence nunbers. In this

enbodi nent, the flog neter 5 further includes a fluid._.
t enmp OF TUPLFILERSHPT BT Trnelflegisd 1bngaHAMsta8ERmeys difference

beﬁe%g?ﬁ‘@n{egﬁirgg Aufy t%ﬁﬁ&%?artur%llefﬁa? Endz%% (fepi@gd ﬁﬁ‘(ﬁf&qﬂ)ef’e{ture Tt derive

The derived fluid temperature Ty g Will lag changes in the measured fluid temperature
Trmeass Advantageously, the temperature error factor T, can be used to determine and
quantify this lag. The lag is of interest because the lag can be used to detect a thermal
transfer change in the flow meter 5, such as due to coating, for example.

Coating comprises an adherence to and buildup of the flow material to the inside
surfaces of the flow meter 5. Coating can result in a reduced flow rate, change in flow
characteristics, degradation of flow measurements, and other problems, such as inability
to drain and/or clean the flow meter 5. Coating therefore is undesirable in the flow

meter 5.
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partially into the flow conduit 9 and senses a

tenperature of the flow material in the flow conduit
wW@2009%081584 ow neter 5 therefore generates a neaRCF/Es2007/081413

fluid tenperature, in addition to the neter

tenperature Tm and t he. anbi ent .t erature Ta and the

r estFOF A "RROdEiGT PPN eRbBRdRTiHEC RFOCERSY Sudias generating a
A SR N T T

Undoatinatgly} pri@sitomdthods fenjeescaingroeatig mly baat ditionglrkmvledge of
can be generated fromthe neasured fluid tenperature
thellfrgﬁ%séé‘%é‘ilwd the derived fluid tenperature Tf_ depv,
whe rerr = | ..T = Tf . : tureq.
o B 30yl ERELE s OB TRt i s
thed@S R IcBhMEt. A COA NG Wit FHefmbhRshilaQvh, aBe eimhper@urd 8dY factor Tepo,
conduits. The tenperature error factor Terror reflects
wil nedbrgeabeicariegt andswidindeyviate signdfidahgy drose idset operatiethend an ideal

measured fluid t rature Tf. and the derive :
Zerg, \ﬁl?la%.t %%%gﬁé@foiabﬁggteﬁrﬂg{ggzﬁgoyé aqOfJpgrison OP the derived
ﬂuﬁcﬁféﬂg{eﬁattﬁfeerfﬂw@c?@l\é A, rh@Bufdaange serhPerhhiee TEASULRY as
fluid tenperature If-neas- Advantageously, thé
pradewpe bpthe Buidrteimpefanot sensde 2t @ (sec dilGbé and dltk aa@ompanying text
determ ne and. quantify this lag. The | ag is_of .
bejont)erlddt CHBRA{FSB i Ee inggledn ho@eiss slecirgiga e ligmatively, the
- r ' flow nmeter 5, such as
Coﬁggﬁ{{g{ %atggt% ﬂﬁg@?}g%g%gﬂﬂpapg.&hg%at I ng conprises an

adh@1@né & 4 floaokhrbedd dfip nekhddfer ide@vmirdi e tHeaderived tfluéd
i nside surfaces of the flow nmeter 5. Coating can
terppasgiuge T nea of adlvematgrelin avibralonafAgw metef pesgrding to an
har acteri;stics. . degradatiqn.of. flow nmeasur eqent nd
er AP e SRR A R R TR g

meab@ea, dshedib@¥ly WicAised: Coating therefore is
undesirable inthe flow neter 5.Prior art nethods for

det éestiep §02 oat ambpicnhicmpgeatprec.os segswadrsgyegendy aiscngped.
a densit rrqr. measurenent, determni,ng a fl.ow
condreP §2T FBid EPBETTaE S MEATEFY dHaiIET i Proflis: thy rpeasured

ﬂuﬁ@feﬁ%?atﬁl%r tdet e¢hi %a&%tqu'?@ ‘aén%éfatﬁfb 'Pfqu;stchl‘i’g@ Imeasured at any

know edge of 'the process fluid. Coating Wl deposit a
poinhér omhday thanfowahetags bad carebe hebhsvred thrbegtpamceasndrlafi d

and the flow conduit. As a result of this thernal
tem%%@&@m@ﬁﬁur{nﬁé{]eﬁ’%rpéﬂﬁ% error factor Terror wl |

no I rr: i i ate:. s oy W
7 obf MR P LRSI PG eyt 3 AT R e
terggdtafufeT §hnd ehdrambliehetefipeeaurcr, Oatgbre i ot ASJus . of

the derived fluid tenperature Tf _depv to the actual,
nmeadupten 6P Lo Qranpierftawi cbargetersties are determained using the derived

fluid temperature Ty gy, as previously discussed.

In step 606, a coating level is determined in a flow conduit (or flow conduits) of
the flow meter 5. The coating level is determined using the measured fluid temperature
Tmeass as compared to the derived fluid temperature Tyq, from step 604, above. A
temperature error factor T, is computed between the measured and computed fluid
temperatures, where Tepor = | Trmeas - Tderiv]- T he temperature error factor Te, 1S
compared to a predetermined coating threshold. If the temperature error factor Ty,

does not exceed the predetermined coating threshold, then it is determined that coating

13
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produced by the fluid tenperature sensor 210 (see FIG

6 and the acconpanying text below). This conparison
w@2a09s158de in the nmeter el ectronics 20. PCT/US2007/081413

Alternatively, the conparison can be made by an

ext er nal s af rt 600 of a net
do%l?Ot&étSéﬂf}ﬁ?W fﬁ{}”?ﬁ%d%ﬂfe‘?r 0 CPP‘%H Bg%éF@Pﬁlia@“Fﬁ“&é tor Teror
t
ex&fedétlfe' é(}%%l nehb&‘k?ét%h%/éﬁglé@f Ifhge%i if ﬂls;&é’géifﬁﬁ éitﬁ%&raﬁhgﬂas
ocmﬁﬂﬁbnahmﬂewahnﬁheofEbmranﬁans|s neasur ed, as
preV|oust di scussed. In step 602, an anblent
rrﬁemtlagéieq%mﬂ%atweﬁu rr%saﬂt laéh%g@lﬁr@w seimecnaeey of coating

1n({19atisotnegf %FH ftl(fl'éa%otn ce}lg(ﬁj{ ene?at as%ﬂ{ef%aﬁrper%rf%%ﬁn or

measur ed npera neas
otH¥e ﬁﬁliéeﬁloﬁ”ﬂ uihé doafine [Iﬂﬁéﬁt@nﬁfan@‘@ﬁﬂit 1ﬁ@|ﬂy e dran bR oflcleaning
any point in or near the flow neter and can be
operetisnrisgludimgaugmpting atd R pcase n%prethatﬂ@mecmymﬂﬂ@gv conduits,
devi ce oL [process. In step 604, the derived fluid
WHEEARRTapY tg Tf _depv is deternined fromthe meter
tenpes@p %0@ d NN TAP 1 AS BN arldRIREE M- -8lata (cﬂf-) success
previ ously discussed. In step 605 one or nore
indi¢rdionds genaated st mee:oahmugmmwm msnmtgenblateﬂﬂe rG)tshedmfsé uf the
tenperatuyre, Tf _de viously discussed. In step
cogitikg, indicapian ﬂsrﬁan@m then e SUP/IR sbicqens MieagRn cemeRRtbe
get@ite I ow conduits) of the flow neter 5. The coating
evel is determ ned using the neasured fluid
Tht STRETRUE & s indi@aidndadicanp teatict®s bifie SdE/r@IPqﬂoédssli If a SIP/CIP
tenperature Tf _depv fromstep 604, above.
suéc%@ﬁﬁﬁia%ﬁ % %e%‘élta%d T ePSIP §r € E&@ AR HRRRrmined to

he neasure mputed tluid er tures, mhere

Terror = T .. de atu rror
nof B pes Rt BTt 50 SR 9AICER Pror s PRkRen R roREE-o e STP or CIP
threshold. If the tenperature error factor Terror does
pravess kascdreddy heerpperfetedniheed IBari(1§ nroeass han be detihemined to
it is determ ned that coatingdoes not exist in the
ha¥d Pllee @NUYISTPATPTsLiovEsE afaddtition is hbt ddherdi@irper at ure
error factor Terror exceeds the predeterm ned coating
threshold, then it is determ ned that coating has
occurred in the flow conduit or flow conduits. A
coating determ nation can result in the generation of
sonme manner of coating indication. The coating
i ndi cation can include generating some manner of alarm
or other indication. The coating indication can result
i n any needed manner of cleaning
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operation, including pronmpting a SIP/CIP process for
the flow conduit or flow conduits, where appropriate.
WO p0080EX58607, a Sterilize-1n-Place (SIP) and/ oPCT/US2007/081413
Cl ean-1n-Place (CIP) success indication is generated
i f the coating indication is not generated. O herw se,
What i m&?fg]tsi ng indication is generated, then the
SI P/ CI P success indication nay not be generated. The
1. SI PACYibrasaryclées nateli (Gaforatetérminingtaaterivhe fid powerafireal g, of a
SIP/CIP process. If a SIP/CIP success indication has
flopuateyiah &PAPESNS hen a SIP or C P process can be

det grigyn t&%Mbl?%%@%Fﬁgl aﬁ{\%yonevg?%@re%v@bgndﬁits@@gé ]

process has been perfor . ere a SIP or CIP proc

has aah¢tea@dynpoetirependon i D@4, cohfigored tGinfkasure@ Reter cessature T,
can be determned to have failed if the SIP/C P

suc @B SanbigytrEpsTalre senset (Z98hE&rdnpeasuipg an pebigny tepaperature Ty
is: 1. A yhbratory flow neter (5) for determning a

derived f1Uid tenperature Tf_depv of a flow material,
COoNpidt& ddebtroaidsl (QW dRiphsd RIBE kot térhPdrature kettkoR 20AN@Nd to the
or nore flow conduits (103); a neter tenperature

sensor ( 20Wjent sanperatueisanson@8prd eonfigused toaiwpeiv e theraeter

an anbi GREPFGRBES L 4P B Pt ot PORERR psDfle derived

coupl ed tRid RenptRitele T.SNPBE BlcU Ky SERG ik ARNibARSHtRW meter
the anbi ent tenperature sensor (208) and configured to

recei ve (MHeismeg the meapemperatercTin andtht hentaertsitemperature T,.
tenperature Ta and determ ne the derived fluid
tenperature Tf _depv of the flow material in the

vib : i- th . rat: .
2 4 Y b oo e gy gpEcshuge e

rhp@WubeTEL ;. (Fath@f cothprisii lolythok@1E @b tIYINTD;, f e~ —a—e”
e erived f}e uid (T ‘ (% )g]ﬁrgﬁrrlggr at ur etlet_él(r;%\;i furtKerC,)

Wiﬁlod?%éd GnE TR RYdrRGrd Beoeeatibion, Tf _depv = -- a- -,

Wi t anlbcon%rislﬁ%g a tenperature error coefficient. 3.
The vibratory flow neter (5) of claiml, with the

3. net dhe elitgatoip lioGsmeRe)5)adicgnd Unwitetheansttt gleceshito(203®eing
the derived fluid tenperature Tf_depv for determning

furghes cgpfigured to use the derived fluid temperature Ty, for determining one or

more flow characteristics of the flow material.

4. The vibratory flow meter (5) of claim 1, with the meter electronics (20) being
further configured to use the derived fluid temperature Ty 4., for compensating a flow

conduit stiffness.

5. The vibratory flow meter (5) of claim 1, further comprising a fluid temperature
sensor (210) configured to measure a fluid temperature Tr,..s of the flow material, with
the meter electronics (20) being configured to determine the derived fluid temperature
Tigeiv Of the flow material in the vibratory flow meter using the meter temperature T,
and the ambient temperature T,, and determine a coating level within one or more flow
conduits of the vibratory flow meter using a difference between the measured fluid
temperature T e and the derived fluid temperature T gery-
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nore flow characteristics of the flow material. 4. The
vibratory flow neter (5) of claiml1, with the neter
wWeb@ensises cs (20) being further configured to RGEUSI07/081413
derived fluid tenperature Tf _depv for conpensating a
flow conduit stiffness. 5. The vibratory flow neter
(5) of claiml1, further conprising a fluid tenperature
sen - i : f .l Ui :
O 37 TRE IOy O LT ED JRUTRPE R e holef ol EFRALAS) Being
furehee congiresd tq deerihmicrngecpofatge rcedr fatalel gf, Ron@rising T, = | Tr
derived fluid tenperature Tf-depv of the flow naterial
meaf T1 | tdarl> GPBPAICTRG tFNRARATHER AFO1BF 19§ Tehetorpeprggetermined coating
thrsa%{m ,ra%‘ﬂ?reﬁer-gfg e??%atlﬂégl% e‘ t@\ﬁ)er{]ﬁiﬂ%ee G re%tﬁlreeer;ro%’fft%\gvrdTemr exceeds

erm né a coa g ne or nmore f

thegpzedetbltrﬁin@a cbiitngvihbssbrry flow neter using a
i fference between the neasured fluid tenperature

Tf _meas and the derived fluid tenperature Tf_depv. 6.

Th i br.at fl : laj,m5. with th :
7. ot A iRy PR e BE| ARy L THE PGB Yl b(20) being
ﬁn!i_l?etr%ﬁﬁg‘@rleé _}_(_‘fi @é‘iﬁﬁﬁﬂfe%rt_@r?l%gfa%refe%Y @lctdier [ OlcofPIRMSENI = T,

error = _meas - If-depv|, compare the
meal €WpELAptompaerthe teriparttore dreor factor 4., foregietecnmmmed coating

Tt eaae S A TR ST G5t b FheSlrm
' y ) . I . .

incl FRR PR Ot oBr KUl Srodha: Ul LABLN eyt
thrbgiod@ further configured to determ ne a tenperature

error factor Terror conprising Terror = | Tf _ neas -
Tf - depv|, conpare the tenperature error factor Terror

to redeterm ned. coating threshol n enerate a Y
5. 57 o) FETER B AT RS 1P YR A Bocn BRE TPl o materiat i
a vilkza Rty 1o @dtek ARe nfethdtEcdiepirangt ure error factor

Terror exceeds the predeterm ned coating threshold. 8.

A merdasarifda nearéemperiahge dnderi ved fluid tenperature
Tf _depv of a flow paterial ip a yibratory flow neter,
t he“?%‘?‘ﬂb%g %?FB&GQP%&?peﬁagﬁgeuﬂi’ ﬁ’@]‘Ya meter tenperature
M (BRARMih S thedlbrR mEchﬁJEPeﬁdh%tWe $2iheely material jn th
det erm ni rllgé]t he glergl@ved i d ten'pfél‘lf“é\turee Tt crirclaap?/rlaofm ©

the fl owvitattery flbwimetehesiug Hreanotey tdnhmnatost €, and thregambient

the neter tenperature Tm and the anbi ent tenperature
Ta. temperature T,.

0. The method of claim 8, with determining the derived fluid temperature Ty geiy

(Tm - Tace)

further comprising employing the equation T geriy = =)

, with C, comprising a

temperature error coefficient.

10.  The method of claim 8, further comprising using the derived fluid temperature

Trqeiv fOr determining one or more flow characteristics of the flow material.

11.  The method of claim 8, further comprising using the derived fluid temperature

Trgeiv fOor compensating a flow conduit stiffness.
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9. The nmethod of claim8, with determning the derived
fluid tenperature Tf _depv further conprising enploying

W@ b@oespsss i on Tf _depv =- a- - , with Ce conpriBCHGSW07/081413
tenperature error coefficient. 10. The nethod of claim
8, further conprising using the derived fluid
tenperature Tf-denv for determ ning one or nore flow

128NATRELAIGH bR 8! AEnE OYRARLAE! 2l - L1 The et hod

of claim urther conpr|3| ing the derived fluid

t empesasdiringea ﬂffeadﬁ’ﬂdlﬂﬁlﬁfteﬁqm&afflm@ag a flow conduit
stiffness.12. The nmethod of claim8, further

confPiCENHYAS AriRBRATRINES STORRSIOF danof $AUMBFItiBEYeraT Figes - Trder;
Ti E‘&%gamgg Elh rt”%n@'e%? $feh‘8m?ac"t&t re 95 I Fédeie?&ﬁ&rd co%ﬁﬁgr

conpri erro conpari

t enper at wi@siRyd:endf act or Terror to a predet er m ned

coating thr eshol d; and generating a coating indication

i f ghecrpiemgpe ceatingsindicaten ffzbe tamReatny eresrcfaetos Ttheexceeds the

predeterm coatjng..t hres oI . 13. The met hod of

claim s, f%in%’? negy W%PP%FIH asuring a neasured

fluid tenperature Tf _neas; determ ning a tenperature

error factor Terror conprising Terror = | Tf_neas -
13Tf _dépwpcthabopadninng, funthet eorpprisingr e error factor

Terror to a predet&r mg{led coating threshol d; and
gen&1apunRg amspaed iy fegrperaius) @@S(SI P) and/or

d ean-
err gfgtekggﬁ ?eélsl&gggu&%ggﬁgb Fr‘“ﬁ’f ed‘pﬁr iif ér ' cglgf"leaﬁ Trdern;
t hr esphdng . teApoRilio dribe fact@t B, it b @gecatai}eﬁmedecbatmg

fluid tenperature Tf _depv of a flow material in a
vi br atorﬁlfﬁﬂihﬂl\ﬂr?élﬁer t he met hod conpri sing: neasuring

t e;‘%g tln%g $[ E an- ?nill ﬁ?ﬁiﬁiﬁ@n@%ﬁ@ \@821% ani)glce (CIP) indication

tenper at yft@e Témﬁ&@t‘{lr@érréﬂ“ﬁcfdr qw, "ateeddtheipleddi@mined coating
vibratory flow neter using the neter tenperature Tm

and the #nbshohd. t enperature Ta; and

14. A method for determining a derived fluid temperature Ty g4, of @ flow material in
a vibratory flow meter, the method comprising:
measuring a meter temperature T ;
measuring an ambient temperature T,;
determining the derived fluid temperature Ty g, of the flow material in the
vibratory flow meter using the meter temperature T, and the ambient
temperature T,; and
determining one or more flow characteristics of the flow material using the fluid

temperature.

15. The method of claim 14, with determining the derived fluid temperature Ty gesiy
(Tm - Ta C@ )
1-C,)

further comprising employing the equation T¢ e, = , with C, comprising a

temperature error coefficient.
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determining one or nore flow characteristics of the

flow material using the fluid tenperature. 15. The
woreaohosises claim 14, with determ ning the deriRe€dusiont/oB1413

tenperat ure Tf _depv (T _ \ furt her conpri sing

ot 9%%0<£0€§quaﬁ 4 e@f fﬁprlse%fl%mg .ﬂéqq@err@g f%ﬁ% temperature
Tw&?@édﬁ%ﬁu. B L R B r conpensat i ng a

flow conduit stiffness. 17. The nethod of claim 14,

further co(gg)rl sing. neasuring a neasured fluid
17¢ eng e anathed af clawad4, Weher (MAPAYNS t enperat ure error

fach%as&%{%%&eﬁ&%ﬁ'ﬂﬁ‘dqé%mp%ﬁtﬂe1f*f | Tf _nmeas - Tf _depv|;

conpari erature rsrror f&¢for Terror to a

pr ed@ﬁeﬁhfﬂlﬂgeg t&GRRrhitge &nbeRbRr d 208BIRNRE L1 N B neas - Trderivl;

coating indication if the tenperature error factor
Ter compesieg trsemperapire geve fastoreli 6@ ipregletdimanddotadting

18. The of .claim 14, further conprising:

nmeasur i ng}‘E q}?i%rﬁ?lded fluid tenperature Tf neas;

det b RiiRNga @oétﬁ@ﬁﬂﬁﬁﬁ&?lﬁﬁé ®m e‘”i‘&thpé' er-lr@tr falfor T, exceeds the
conprising Terror = |Tf _meas - Tf _depv|; conparing the

t enper at pr@iemmmmwfcamtmgthlfeshod)d to a pr edeterm ned

coating threshol d; and generating a
Sterilization-In-Place (SIP) and/or C ean-1n-Place

18(C Bhe iS4 Ok 4t Rk EEmEBAGHE error factor

Terror exceeds t redeterm oating threshol d.

19. nﬁa@fﬁﬁﬂg)ﬂnfe@@rd@ﬂ@iﬂempegataredlefrn;%yed fluid
tenperature Tf _depv of a flow nmaterial in a vibratory
f | ogleteEnenng o mnm@wwe@@rn@ﬁ% iTagi COBRISURE Agroa™ [T rmeas - Tederivls

CenparBiE e ORGP P T R h B e

det er m nifigsHol@ har i ved fI uid tenperature Tf depv of
the flow material in the
generating a Sterilization-In-Place (SIP) and/or Clean-In-Place (CIP) indication

if the temperature error factor T, exceeds the predetermined coating

threshold.

19. A method for determining a derived fluid temperature Ty 4., of @ flow material in
a vibratory flow meter, the method comprising:
measuring a measured meter temperature T,;
measuring an ambient temperature T,;
measuring a fluid temperature Ty eas;
determining the derived fluid temperature Ty g, of the flow material in the
vibratory flow meter using the meter temperature T, and the ambient
temperature T,; and
determining a coating level within one or more flow conduits of the vibratory
flow meter using a difference between the measured fluid temperature Ty

meas and the derived fluid temperature T gery-
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vibratory flow neter using the neter tenperature Tm

and the anbient tenperature Ta;, and determ ning a
w@oapiosigss evel within one or nore fl ow condui t BCDUS100B081413

vibratory flow neter using a difference between the

207 T ande e 5 R ED 19, GHb dCOmniRG (lREE0 G AL Traos

with determnlngthe derlvedeU|d }ure Tf depv
furghler coip@s jngf amnplbgin geherpauiasion d .@aP I:ogzng—t—he \emhx &1, icomprising a
Tf _depv =-- a- -, with Ce conprising U e
nperature errar coefficient. 21. The net hod of claim
te@@ra?l{ﬁ'?lﬁ%rrcoé’ fi'si ng using the derived fluid
tenperature Tf-depv for determ ning one or nore flow
characteristics of the flow material. 22. The net hod

210f dhaintetA&d of ¢lainned, Rethpr ¢ahpigsitg usigg tiedderddvdd temperature
fluid tenperature Tf-depv for conpensating a flow
Tegoni@udetesnining areor pgre Eﬁ@ cheltagtsaisbes @ff the Mopomatgrieh
determ ning the coating |level further conprising:
determning a tenperature error factor Terror

22 CoNhe $hdlBod 6f €19im F9) flktheB@sinpristhg HEiRY the QDRAANG tdh§erature
tenperature error factor Terror to a predeternined

T epator ngmpbnsesihg bdlovapehdyeirsérfilehg a coati ng i ndi cation
if the tenperature error factor Terror exceeds the
predeterm ned coating threshold. 24. The method of

23¢! airie hbthdd6f H&fm q ONRIth SeRemidEs BlAliAY 1&el further comprising:

tenperature error factor Terror ctonprising ferror =

| Tf doeeasining b taeparhture amprafactog T hecdrepman@tluf,e= gL - Trenv;
factor Terrqor to a predeterm ned coating threshol d;

and CO@RATRE Fhﬁ’gtelélpgfaé%m (CTTORLACHRT- T ono: 9 B PECICtIMYNCRpREpg

Oeanlnfm indication if the tenperature
error factor e’rror exceeds the predeterm ned coating

t hr gef@hting a coating indication if the temperature error factor T, exceeds the

predetermined coating threshold.

24.  The method of claim 19, further comprising:
determining a temperature error factor T, cOMPTiSIng Teror = | Tmeas = T tderiv];
comparing the temperature error factor T, to a predetermined coating
threshold; and
generating a Sterilization-In-Place (SIP) and/or Clean-In-Place (CIP) indication
if the temperature error factor T, exceeds the predetermined coating

threshold.
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