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measurement system assumes that the fluid being sold is pure. However, the fluid may be

comprised of more than one component. A majority component represents a pure fluid that
20 is being measured, such as the fluid being sold. The minority components represent
impurities mixed in with the majority component.

For example, propane that is delivered to customers can be mixed with other
components such as ethane, methane, etc. The ethane and methane are impurities that
negatively affect the purity of the propane. A mixture of propane, ethane, and methane

25 includes a discrete propane component, a discrete ethane component, and a discrete methane
component. Unfortunately, turbines and positive displacement meters cannot effectively
determine the proportion of the majority component relative to the fluid being delivered to a
customer. Consequently, the customers are billed as if the fluid is pure. |

One way to measure a mass flow of a fluid is with a Coriolis-effect mass flowmeter.

30 Coriolis flowmeters measure mass flow and other information for fluids flowing through a
flow tube in the flowmeter. Exemplary Coriolis flowmeters are disclosed in U.S. Pat. No.

4,109,524 of August 29, 1978, U.S. Pat. No. 4,491,025 of January 1, 1985, and Re. 31,450



4,109, 524 of August 29, 1978, U.S. Pat. No. 4,491,025 of January 1, 1985,
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magnet .  Therefore, the meter electronics can determine the mass flow rate of a fluid flowing through
20  the flowmeter based on the pickoft signals.
An important component of Coriolis flowmeters and of vibrating tube densitometers
is the drive or excitation system. The drive system operates to apply a periodic physical
force to the flow tube, which causes the flow tube to oscillate. The drive system includes a
driver mechanism mounted to the flow tube(s) of the flowmeter. The drive system also
25  includes a drive circuit that generates a drive signal to operate the driver mechanism. The
driver mechanism typically contains one of many well known arrangements, such as a
magnet mounted to one flow tube and a wire coil mounted to the other flow tube in an
opposing relationship to the magnet.
A drive circuit continuously applies a periodic driver voltage to the driver
30  mechanism. The drive voltage is typically sinusoidally or square shaped. In a typical
magnetic-coil drive mechanism, the periodic drive voltage causes the coil to produce a

continuous alternating magnetic field. The alternating magnetic field of the coil and the
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conprises an i &Ll afonHefR%o solve the above problems, and an advance in the art is made,
by systems, methods, and software configured to determine a proportion of a majority
20  component relative to a fluid flowing through a Coriolis flowmeter. The invention
advantageously provides a more accurate measurement of the amount, purity, and quality of
a fluid being delivered. The invention also allows customers to be more accurately billed
for fluids being purchased.
In one example of the invention, circuitry is configured to communicate with a
25 Coriolis flowmeter to implement the invention. The circuitry comprises an interface means
configured to receive pickoff signals and a temperature signal from the Coriolis flowmeter
responsive to a fluid flowing through the Coriolis flowmeter. The fluid comprises a
majority component. The interface means is also configured to transfer the pickoff signals
and temperature signal to the processing means. The processing means is configured to
30  process the pickoff signals and the temperature signal to determine a proportion of the

majority component relative to the fluid.



configured to receive pickoff signals and a tenperature signal fromthe
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20  temperature-varying density, then the fluid is substantially pure. If the measured density
does not equal the temperature-varying density, then the fluid is comprised of one or more
minority components in addition to the majority component.

One aspect of the invention includes, a method of operating circuitry in
communication with a Coriolis flowmeter, the method comprising the step of:

25 receiving pickoff signals and a temperature signal from the Coriolis flowmeter
responsive to a fluid being flowed through the Coriolis flowmeter, the fluid comprises a
majority component;

the method being characterized by the step of:
processing the pickoff signals and the temperature signal to determine a

30  proportion of the majority component relative to the fluid.

Preferably, the method further comprises processing the pickoff signals to determine

a volumetric flow rate of the fluid flowing through the Coriolis flowmeter; and



comruni cation with a Coriolis flowmeter, the nethod conprising the step of:
25 receiving pickoff signals and a tenperature signal fromthe Coriolis
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fluid flowing through the Coriolis flowmeter;

processing the temperature signal to determine a temperature-varying density, the
temperature signal represents the temperature of the fluid flowing through the Coriolis
flowmeter;
20 multiplying the measured volumetric flow rate of the fluid flowing through the
Coriolis flowmeter and the temperature-varying density to yield a product; and
dividing the product by the reference density to yield a second volumetric flow rate.
Preferably, the step of processing the temperature signal to determine the
temperature-varying density further comprises the step of:
25 adjusting the reference density based on the temperature of the fluid flowing through
the Coriolis flowmeter.
Preferably, the step of processing the pickoff signals and the temperature signal to
determine the proportion of the majority component further comprises the step of:
dividing the first volumetric flow rate by the second volumetric flow rate to yield the
30  proportion of the majority component.
Preferably, the step of processing the pickoff signals and the temperature signal to

determine the proportion of the majority component further comprises the steps of:



Coriolis flowreter and the tenperature-varying density to yield a product;
and dividing the product by the reference density to yield a second
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proportion of the majority component relative to the fluid.
Preferably, the processing means is further configured to:
process the pickoff signals to determine a volumetric flow rate of the fluid flowing
through the Coriolis flowmeter; and
20 adjust the volumetric flow rate based on the proportion of the majority component.
Preferably, the processing means is further configured to:
adjust a cost for an amount of the fluid based on the proportion of the majority
component.
Preferably, the proportion of the majority component represents a purity of the fluid.
25 Preferably, the majority component comprises propane.
Preferably, the processing means is further configured to:
process the pickoff signals to determine a mass flow rate of the fluid flowing
through the Coriolis flowmeter; and
divide the mass flow rate by a reference density of the majority component to
30  determine a first volumetric flow rate.

Preferably, the processing means is further configured to:



process the pickoff signals to determne a volunetric flowrate of the
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Coriolis flowne erature-varyi ensity to yield a product;

and dpvi de t headpisbeeGtfelcé Bensltg baved vaahaRnpetayure of the €huill Bowiag dirdugh
volunetric flow rate. Preferably, the processing nmeans is further
conf i gur ethetGoriolipflawmgter ta drterrinethe iRIBPA-ALT YAYIRGdAWItEn t he t enperature of

the fluid flowng throu t [ i o determ ne the
?hesqglprf)ces %gé%)eél%;g slf?ﬁtlrlel[r%)éﬂ@ %d ttt)

t enper at ure-va r)?l ﬁagbl%en y. ocessing nmeans is further

confi gured to: digid¢ititefirsh\ limésic ool tarEsy the sédopdwelaimetriyyfldw tats@0ooeld the
volunetric flowrate to yield the proportion of the majority conponent. 15

Pr ef er abl propettien pf thearaioniy camaarents furt her configured to:
15 Preferably, the processing means is further configured to:

process the pickoff signals to determine a measured density of the fluid flowing
through the Coriolis flowmeter;

process the temperature signal to determine a temperature-varying density, the
temperature signal represents the temperature of the fluid flowing through the Coriolis

20 flowmeter; and

divide the measured density by the temperature-varying density to yield the
proportion of the majority component.

Another aspect of the invention comprises a software product for use with a Coriolis
flowmeter, the software product comprising:

25 proportion software configured when executed by a processor to receive pickoff
signals and a temperature signal from the Coriolis flowmeter responsive to a fluid being
flowed through the Coriolis flowmeter, the fluid comprises a majority component; and

storage media configured to store the proportion software;
the software product characterized by:

30 the proportion software being further configured when executed by the
processor to process the pickoff signals and the temperature signal to determine a proportion

of the majority component relative to the fluid.



process the pickoff signals to determ ne a neasured density of the fluid
flowng through the Coriolis flowreter; process the tenperature signal to
det er m newa W3@ees at ur e- varyi ng density, the tenperature PEiTgrsab/2Tiepr esent s
the tenperature of the fluid flowng through the Coriolis 20 flowreter;
and di vi de t hePmefenshly,ehbk grepmtivy sdfiwdrbés faehpreroatigured welrepi exgeudehisi thy t o yi el d
the proportion of the najority conponent. Another aspect of the invention
conpri sesP™8°EEM (Rare product for use with a Coriolis flowreter, the

sof tware produgh  cOMY jidlofiedR H@t@ﬂﬁ%%f%}[boﬁﬂﬁétﬂ@ﬂ@wcr%foif He'RAd NHR e

executed by a processor to receive picko signals and a tenperature
si gnal f rthnuigheheé30oridls fownhaewretdr responsive to a fluid being flowed

t hrough the Corjolis flowreter, the fluid conprises maj.ority co nent ;
and Storage n¥UPsh tl}?o‘f?ﬂ‘i"@"d’f‘% O‘t"da@ﬁ’éﬁ‘eél qorfhe B‘PO(BBBW_E‘iOS&es‘B#JPRHr%fnPEH% :
sof t war e prod%f&%@@g{j&%&ﬁn RatiwaQ id AEnEY QRALLAEWRA! KkWaL&! Beheg fur ther

configured when ex e processor to process the pickoff signals
and the tpwopesattoe signal to determne a proportion of the majority
conmponent relatjve to the fluid. 7 .03/ 021204 PCT/ US02/.2710Q . Preferably,
the proporti ontddtteraste F‘%a‘flﬂ?lltl?éfhe\c/%gﬁggﬁﬁf é’&,th‘?/\PfQH"ré‘%@ﬁ%@&“aé?FWhe
processor ontqﬁnef?tr. ocess the pickoff signals to determne a volunetric flow
rate of the urd flowng through the Coriolis flowneter; and 5 adjust the
vol unetri c f| obreferitdy hhsg@dpation bfthemogarityicompofierit hapresants aipuyitycdhofhed: .
Preferably, the proportion software is further configured, when executed by
the processorPrefegablydhe@ajogty . epumposentLamPpRSERICPANCt he 1 ui d based on the

bropor ti on of b/agerfF) Rl phpoRBHRAREAE is ARG QhAEARIWAGNEAIQPOY hicon of the

maj ority conponent r€pre S a purity of the Pre , the
maj ority posgemendt: conprises propane. Preferably, the proportion software
's further Con;)rioggsrs (ta}(ljé pi(\:ll\’ﬂ)(fa’fn sigré\(lasctgtd%grrg%etahrgass flow rate of the fluid flowing
15  through the Coriolis flowmeter; and
divide the mass flow rate by a reference density of the majority component to
determine a first volumetric flow rate.
Preferably, the proportion software is further configured, when executed by the
processor, to:
20 process the pickoff signals to determine a measured volumetric flow rate of the fluid
flowing through the Coriolis flowmeter;
process the temperature signal to determine a temperature-varying density, the
temperature signal represents the temperature of the fluid flowing through the Coriolis
flowmeter;
25 | multiply the measured volumetric flow rate of the fluid flowing through the Coriolis
flowmeter and the temperature-varying density to yield a product; and
divide the product by the reference density to yield a second volumetric flow rate.
Preferably, the proportion software is further configured, when executed by the
processor, to:

30 adjust the reference density based on the temperature of the fluid flowing through

the Coriolis flowmeter to determine the temperature-varying density.



processor, to: process the pickoff signals to determne a nass flow rate of
the fluid flowng 15 through the Coriolis floweter; and divide the mass
fl ow r at ewiy3m2r2ed er ence density of the majority conmponentrdrassozieties m ne a
first volunetric flowrate. Preferably, the proportion software is further
confi gured, whafeeabdy; theegoportivin software sefagber,conbgurdd) whreneaseutediey the ckof f
signals to determne a neasured volunetric flowrate of the fluid flow ng
t hrough tHEEiGfis fl owreter; process the tenperature signal to deternine
a tenperature-¥xaryi I : { :
tenperature ofd{?lﬁé kﬁ%?ﬁvr}?]{l&lo%nﬁggﬁhrﬁ %mﬂ% ﬁégg%ﬁ},?lg?l:ggic fﬁ%ﬁ&ﬁt{%@? ?Qld EZHSH3

mul tiply prbportiemsfithednayadityremporent.l ow rate of the fluid flow ng through the
Coriolis flowrefer and the tenperature:varying density to yigld. a product;
and ddvi de thePrsﬁemtthwowrew Wibyash isdopBsreonfeiredyy s exedediyie

vol urretrialgogé\f{ﬁyy {.ate. Preferably, the proportion software is further

confi gured, eh executed by the processor, to: 30 adjust the reference
densi ty based mocdsh ehetpiekoéf signatseo dbtetrhime falmeasured density of Hredlgdh flowlng Cori ol i s
flowmeter to determ, eé{ﬂhe t enperature-varying density. 8 WO 03/021204

PCT/ USOZ/tMthhq:?‘é‘?‘g’fS Wmelghe proportion software is further configured,
when execut ed . o IIVAE I ek } |l ow rate
by the second ]\%éfég%%ert%ﬁé ov%%%taﬁe%{%é%rwé?% tieﬁ@eifagrgtggr}ﬂ on gly’ﬁlefe majority
conmpodent temperfdtueé sigadiirypredenss the empetahoea ofthe thvit Bowmgfthrotigle thecimnibligur ed,

when executed by the processor, to: process the pickoff signals to

det er m neflevmeE#dd density of the fluid flowing through the Coriolis

fl omreter; proge: NReLAL AT ' q ine .
tempor at Ut e vad g ad Aaek iy 6t PO DELRIIAR oA < the
t enper at ugrep&tioh bethelndjokitylcompmgent.nr ough the Coriolis

Description of the Drawings
15 The above and other features of the invention can be understood from reading the
detailed description and the following drawings.
FIG. 1 illustrates a dual tube Coriolis flowmeter in the prior art;
FIG. 2 illustrates a single straight tube Coriolis flowmeter the prior art;
FIG. 3 is a block diagram illustrating meter electronics configured to communicate
20  with a Coriolis flowmeter in an example of the invention;
FIG. 4 is a block diagram illustrating circuitry configured to communicate with a
Coriolis flowmeter in an example of the invention;
FIG. 5 is a logic diagram illustrating a process to determine a proportion of a
majority component in a fluid in an example of the invention;
25 FIG. 6 is a flow diagram illustrating a process executed by circuitry if a fluid
contains minority components in an example of the invention;
FIG. 7 is a flow diagram illustrating a process executed by circuitry if a fluid
contains minority components in an example of the invention; and
FIG. 8 is a logic diagram illustrating another process to determine a proportion of a

30  majority component in a fluid in an example of the invention.



fl owmmeter; and divide the neasured density by the tenperature-varying
density to yield the proportion of the nmajority conponent. Description of
t he DrawiwQ34s120he above and ot her features of the inventcerusoazribe
understood fromreading the detailed description and the follow ng
drawings. FIG 1 illustrates a dDatailedDesdsiption i s fl owreter in the prior
art; FIG 2 illustrates a single_ strai ht tupe Cariolis flo ter the prior

art; FIG 3 i F1gSpl-dekoviczgpales pf prtems ]'t‘a}tﬁ@‘ F@Fi te fraRlemeif (e IVERiaYur ed t o
conmuni cahg Sl%%gec(}?t DirQerdtn! 1?*16&1&1 {QNTREE arh&llmo t€sHwrl 438 deBHRE! ON;

FIG 4is a I agram i ustratlngcrcwtry onfigured to communi cate
with a GﬂFII(Gsils3memﬁérehe scopeof e dmgeheorois defised bythatiaons. FIG 5 is a

| ogi c_di aramlllustratlng a process to determine a proportion of a

maj or? t y ualdybegeripls Howmete exanpl e of the invention; 25 FIG 6 is

a f1ow di agraml | gl t:@.goﬁs REQGESSS BHREHLRS ot Gl slélgff%négstgs .

contains mnority conmponents I n an exa e 1 nvention;

f1 ow di agraxiolislsénsst 160 aﬂmaet)éleﬂﬁﬁl&s%emmﬁtkleh:yromcs 2Qis dopnédtedatof Cariodis
contains mnority conponents in _an exanple of the invention; and F|G 8 is
a | ogic deayrafd Vialeads 0, H&tﬁﬁ%ﬁcﬁémcbg&:sé@§ﬁwe@&@Pﬁlidﬁée%?‘téif@bﬁfr 9%n of a

031 051204 B TABRBBEFort B el ol RO HRITAG i@orhilforl GEFRIA D0, COrfl
syst eos tfiwimeans alesaitddiathoughlieiR@ppartiteo thoseskiilahin thel: hetl&cﬁﬁ@rﬁ‘énﬁ he

invention is not limted to the particul ar conponents. shown and_descri bed
in FlGS. mvgltlomﬁulﬁlé»pmcn@welnsc@wéctmn wﬁléanmmaﬂ@ﬁlamlgééfbrﬁw Bow ke

cl ai nms. olis
f I ownet eﬁogijel%nurgﬁpo AT tO?h@girl | S @?’({)awrPe erﬁghcon%&%téssga %\ﬁ E sensor
100 and rRhsiforfdtes whivhidoss 26t hal@iheradéitiosdl ndsab@rsmen dapabilimylj)@@\h&cﬂ tiyoa Coriolis
sensor 100 via | eads 100. Meter electronics 20 is configured to provide

density, Garidisipaspvflowareter. vol unetric flow rate, totalized mass flow, and
ot herlS i nfor matéonolls %&lsof %(b 1n%ﬁldesc‘é) pélp l)f ;?rocess connections 101 and 101', manifold

102, and flow tubes 103A and 103B. Driver 104, pickoff 105, and pickoff 105" are
connected to flow tubes 103A and 103B. Brace bars 106 and 106’ serve to define the axis

W and W' about which each flow tube oscillates. Those skilled in the art will appreciate
that additional pickoffs may be needed to implement the invention. The invention is not

20  limited to the configuration in FIG. 1 as FIG. 1 merely shows an example of a system to
implement the invention.

When Coriolis sensor 100 is inserted into a pipeline system (not shown) which
carries the fluid that is being measured, the fluid enters Coriolis sensor 10 through process
connection 101. The fluid passes through manifold 102. Manifold 102 directs the fluid to

25  enter flow tubes 103A and 103B. The fluid flows through flow tubes 103A and 103B and
back into manifold 102. The fluid exits Coriolis sensor 10 through process connection 101".

Flow tubes 103A and 103B are selected and appropriately mounted to the manifold
102 so as to have substantially the same mass distribution, moments of inertia, and elastic
modules about bending axes W-W and W'-W', respectively. The flow tubes extend

30  outwardly from the manifold 102 in an essentially parallel fashion.
Flow tubes 103A-103B are driven by driver 104 in phase opposition about their

respective bending axes, W and W’, at what is termed the first out of phase bending mode

10



10 flowneter 5 is described although it is apparent to those skilled in the
art that the present invention could be practiced in conjunction with any
appar at uswbamioarzoe vi brating fl ow tube to neasure properticagsot.2fibui d. A
second exanpl e of such an apparatus is a vibrating tube densitoneter,

whi ch doef theofloviraster $.hPrigetdl (i roaadompeae anyomendf ncagyats!l knoywnpmaugaeehtyy a
Coriolis mass flowreter. 15 Coriaqlis _sensor 100 i ncl.udes a i r of process
connect i cH¢h aspmagst moeynted te, How suke 103Goandan ppppgine £4) gm%%ﬁf‘i% tup§3p,

wah]n%g? %ﬁ:‘d’naﬁgg !éﬁxfsréer}t \];sg&;ts%ég dt‘:c;)¥ vioRRRAE b dw nlbkoY0FAbes 103A

Driver 104aprpP¢
and 10389%%?31{(}:%&%&5 ine the axis Wand W about

whi ch eaclo3Bl Metérdbertronics bpplies a.drivhegmalakidiived O4rvid leed &1Q. Wi | | appreci ate

t hat additional  pickoffs gscaf){ be needed t iﬁl ement thé invention. The
invention is AytVepd04 yibrat (t"t‘)“’tbﬁ%l%’{ﬁlﬁli“gm fegppisiye e the drivgsispile 1 nerely
shows an I gg@rq i i qard:al i s
sensor 1 &‘@2@ ilﬁggjﬁ(ti 20d§ %%’%eg&ga’%f‘gg I gﬁg;%t" %ﬁ%(ﬂr?g%{g%dé@mqyo I cr@%gg}{ri es
the fl ui dftfloattubss l8ANmd®aBu Padkoffs heS ahdiil @5 eansaristhEpidkoffisignaris aretet 0

th h ti 101. The flujd th h. ifold 102.

Vani ol d clsotier 26 o8 Kb 11 anc i FogeaEbr TRAoN STBESrausiekans Som The

fluid f'gﬁﬁ' &p%%ggﬂenéq AUt e &@g%eﬁeﬂﬁai B, 208G ecthRR NIBkPeIbB Q1% 102.
S t hroug

The fl uid éxi rioli's sensor r process connection 101'. Fl ow

t ubeso 103RocBsts HEABS ané rightl vetdoitgl stpnals appompute dieahass flowntedvdlometnie floani f ol d
102 so as to have substantially the same nmass distribution rmrren}s of

inertia, raldtotalized mass frymand shedsasity ofcheflHy nassing (yoyeh (cprilis ggnsor 100.
i . . i fol i
o Besent g siEfnlcs Y YREINE L o0l E oty bR, OEHTRNNARI B2, |0,

104 i n phadehaodupsisy inffsthadibow pdthe6r respective bendi ng axes, Wand W, at

what is ternmed the first out of phase bendi ng npde . 10 W) 03/021204
PCT/ US02/ 27100 enseratpre sensoivirtl} isconnectsditg epe anbothal vibetipe flow tabss 1038 of nany

wel | , known n n S 3 A and an
oppo%i ng @gﬁpgﬁbgﬁﬁﬁg\'ﬁaﬁ%e ﬁ%o(\?v @bdgﬁc%gg%,%hp%?%&%ﬁ?%ﬁlg# gﬁ“g&?@ro IEII ting
current iffowabhsedFVind/i (3Bt Tengpebartie skhsow1 40 peerat@Iemp&rafire Hpiats

el ectronics applies a drive signal to driver 104 via |lead 110. 5 Driver 104

vi br at es Tenengratuiissensen 340 tprsmiB ks femppahe vignaldo meter glectraniss Hhaver leagi ckof f s
105 and 1ﬂ§ generate pickoff signals responsive to the natural nodes of
vibration ™

Those skilled in the art understand that Coriolis flowmeter 5 is quite similar in

20  structure to a vibrating tube densitometer. Vibrating tube densitometers also utilize a
vibrating tube through which fluid flows. In the case of sample-type densitometers, the
sample-type densitometers utilize a vibrating tube within which fluid is held. Vibrating tube
densitometers also employ a drive system for exciting the flow tube to vibrate. Vibrating
tube densitometers typically utilize only single feedback signal because a density

25  measurement requires only the measurement of frequency, and a phase measurement is not
necessary. The descriptions of the present invention herein apply equally to vibrating tube
densitometers.

A Single Straight Tube Coriolis Flowmeter - FIG. 2

FIG. 2 shows Coriolis flowmeter 25 in the prior art. Coriolis flowmeter 25

30  comprises a Coriolis sensor 200 and meter electronics 20. Meter electronics 20 is connected
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of flow tubes 103A and 103B. Pickoffs 105 and 105" transmt the pickoff
signals to neter electronics 20 on |leads 111 and 111', respectively.

Pi ckof f swgralog12b4 om pi ckoffs 105 and 105" can be referredTiusozas7ibeft and
right velocity signals, respectively. Meter electronics 20 10 processes the
| eft and tiQroliv sérsor 200 Ga dads 230. Mewnplatteonti¢se Ona senffdunsd to previdesdsnaitst ri ¢
flow rate, totalized mass f{l ow, and.t%e de[ﬂsit%%gf t he fl u'l.d gassi [111?

t hrough CBAISHIaverate yelymetirtlow fate.dptalized ipass dlows angotpiinfarmatien.oven pathe | o,
rate, volsyretric flowrate, totalized nmass flow, and the density
information to path 26. Tenperature sensor 140 is connected to one or both
of vibrating fFlowtobd2 ihciBdes dlsftand padidB desigmpert 20 1randsgrsht endip@tidet ect s

oo ar Atk diR, Blayibe 20 Led APeriad oPal 20 bt Rl itlire o or
140 tr ansl%%tﬁ of iR ARIREERS HrEmSh Rt eh®@ofMBER futR!20¢ tnl!s leb@?u@&m%wl tged

112. Those Skilled in the art understand that Coriolis owneter 5is quite
si m | ar i201. Zbrixdis wertsor 204 inclades bbasricadat 2ethatdn sonnented erits afidbtaaflowg t ube
densitorretgrz al so ut'IiQéi a vibrating tube through which fluid flows. In
the case BPes% Br-af‘ilb”é' nsitonmeters, the sanple-type densitoneters
utilize a vibralg g eﬁdfﬁ@n 26 it Nis A1 G8 art 1ritdt PrdRsd @InHlectidh 20! Rijht EPe
densitoneters also enploy a drive systemfor exciting the flow tube to

vi br dbe. porhom20IRyis dffikes td ansutlameo@sscanypetoal 209, Uhlet proeess mbnnestiony2 (2

f eedback signal because a density 25 peasurenent requjres only the
rreasurerre?ﬂdg ‘B‘%Cﬂi’r@ﬁ‘ﬁéﬁ‘éry’,ec%%f@ ﬁrﬁa?%gﬂ‘?'g%\‘gi?r@ﬁﬁ?ﬁ QOgo %iens?fg)@éé‘é%ry. The
descripti - Of sent invention herein apply equally to vibrating
t ube den@??lél{r%e(tn%@f)@kﬁ& ngl e Strai ght Tube Coriolis Flowreter - FIG 2

FIG 2 shows Qarawell kndwmosametetionAbmamer reedrprer 204, arleft pickoff ADd sanfllacighet er 25

30 conprises a Coriolis sengor 200 and neter el roni cs. 20. Meter
el ect r oni BigkefH20% af?d‘r?ﬁ%]@flé‘?jﬁ‘)?ii“ Hand bebapoe @g@SWF??fﬁﬁonlf%i%ri olis

sensqs 20Rantis a@Riler dit «J ik 28k CREGBALiGS oA iy Gk UFiGEt J0R vRS:ar de
density, nmass Aow ra e, volunetric flow rate, totalizéd nmass flow, and
ot her i nf Aowaibe®0]avid bajpatdbar 280 irFptewe dppositidd bt thectsodas freqhafcy oéthd porti on

designated 201 L and a rilght end_gqrti on. 5 desi gnﬁt ed 201 R_ Fl gw tube 201
and its efwd-Hisdlogntbedql.| Theepcillptionobyibeatins fiow tuhe { @ lpinduces Coriolis

deflections in the flow tube 201 in a well known manner. The pickoffs 205 and 205' detect
the Coriolis deflections and transmit pickoff signals that represent the Coriolis deflections
20  over conductors 211 and 211".
Temperature sensor 240 is connected to flow tube 201. Temperature sensor 240
detects the temperature of the fluid flowing through flow tube 201. Temperature sensor 240
generates a temperature signal. Temperature sensor 240 transmits the temperature signal to
meter electronics 20 over lead 212.

25 Meter Electronics - FIG. 3

FIG. 3. shows meter electronics 200 in an example of the invention. In this
example, meter electronics 20 is shown to operate with Coriolis sensor 10 in FIG. 1. Meter
electronics 20 is comprised of Analog to Digital (A/D) convertors 303 and 303', processing
unit 301, Read Only Memory (ROM) 320, Random Access Memory (RAM) 330, Digital to

30  Analog (D/A) convertor 302, and amplifier 305. Meter electronics 20 is configured to
provide density, mass flow rate, volumetric flow rate, totalized mass flow, and other

information over path 26. Path 26 carries signals to input and output means (not shown),

12



| ength of the flownreter 25 froman input end of flow tube 201 to an out put
end of flow tube 201. Coriolis sensor 200 includes a bal ance bar 220 that
i s connecwedsari2ods ends to flow tube 201 by brace bar 22tT/Usetr71end
portion 201 L is affixed to an inlet process connection 202. R ght end 10
portion 2@Hikh alowhfeter etbctronian2@tet doptmyictewith anciHenytelestroRio® 'suchi aslaet  pr ocess
connection 202 and outlet process connection 202' are configured to
connect COMBMs sensor 200 to a pipeline (not shown). In a well known

conventi onal NRRRERatioR AD baVerdBé30RalEI03 RL&KOHe l@i@§nd valotitP&ibnalpi ckof f
205' are coupled to fl'ow tube 201 and bal ance bar 220. ter el'ectronics 20

15 transnfrers peckdffs VeF an;i mﬁalres{pcctdaelyv eA/Do@mverRgs BOh snd/EBf convhe thirleftend
signal, driver, 204 vi flo 201 and. bal a 220 in ase
oppoost i R TRy HEA Qe igauhLoon B FacS g PO 1 B FYOWPHS201.,
The osci |Arﬁtjogntra‘?lgmwtf?é@%it&l%lén'agvi’ob%@ssﬂr%ludltrm%%r d Plo shd 396f | ections in
the flow tube 201 1n a well Known ifanner.” The pickoffs 205 and 205" detect

t he Cori oAltsougbfshewen amwalatacbmnm tA/P ewériors Bghads3WBhanayrbeprsasgdant t he
Coriolis deflectiops er c uc S 211ad 21 rature_sensor
590 15 ComRuEiaioeh AG a8 Slrtes RO Sl Sh i eanad of GHERY SERLBEcOPf o

t enper at ufigydAfin tdearf Mﬂag) oM At M}rrﬁﬁkﬁﬂé bt ﬁl@k&f‘f’sbﬁxd%% seRORGNAYY € sensor

240 generates a tenper ure signal”. Tenperature sensor 240 transmits the
t enpédat ucornedtehtal processimgtst 3@l eRrbcezssmg sni2 60 beleo rdceivds e 2empFativiet sggnal

Electronigs - FIG 3 FIG g vvs ter electronics 200 in an exanpl e of
the i nvenfrPBACmpSratiys sensog,l 9713 r electronics 20 is shown to operate

with Coriolis %Fb‘s?h 18501 K Gnicko- pM%Egsr RlcRGLF, QR Fﬁﬁ pro%egseﬁnﬁatsed of
Analog to Digita convertors 303 an 303’ ocess unit 301, Read

Only meeyds(lmctlalﬁ)&oﬂarsctwgmahs sndviereoutys (hRAlmruB&ﬁns tmpglfd)nﬂi the vari@B

Anal og (DLA) .conyertor 302, and anplifier 305. Meter eI
conf i gur e@‘n?téf’“ﬁfogﬁf)\’!@’e&?éés 1 § prefereed g et ebrossPaREDH £ f%&ﬁglﬁﬁf

tot ali Ze%{@ﬁﬁu{és%gglﬁﬁﬁc&&m Ahaﬁ% b%%ﬁso”r Vfﬁﬁcti%ﬁ%/@ 54 Og%éhd%fib&%é' es

Si gna s to out put ans ot s 1204
PCT/ US02/ ﬁilﬂﬁtedmlwmpatlhpmaMm raxé efd floid] cen@Bing oolvaramicfloatae of 4 h
ancillar yﬂl%hegdrcgrrypggng gensny ofa ﬁmd Proc%gsgng unit 301 stores the functions in ROM
320 and reads the functions from ROM 320 via path 321. Processing unit 301 stores the
data and the instructions for performing the various functions in RAM 330. Processor 301
20  performs read and write operations in RAM 330 via path 331.

Processing unit 301 generates a digital driver signal and transmits the digital driver
signal over path 312. D/A convertor 302 receives the digital driver signal and a voltage
from one of pickoffs 105 and 105' via path 340. The digital drive signal includes
instructions for modifying the voltage received over path 340 to generate an analog drive

25 signal. D/A convertor 302 is a common D/A convertor such as the AD7943 chip produced
by Analog Devices. D/A convertor 302 transmits the analog driver signal to amplifier 305
via path 391. Amplifier 305 amplifies the amplitude of the analog drive signal. Amplifier
305 transmits the analog drive signal to driver 104 via path 110. Amplifier 305 may be a

current amplifier or a voltage amplifier.

30 Majority Component Proportion Determination - FIG. 4

FIG. 4 depicts a specific example of circuitry in communication with a Coriolis

flowmeter in accord with the present invention. Those skilled in the art will appreciate
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In operation, A/D convertors 303 and 303" receive the left and right

vel ocity signals frompickoffs 105 and 105", respectively. A/ D convertors
303 and 3wd'osmonvert the left and 5 right velocity signalPsTiusod2myod al
signal s usable by processing unit 301. A/D convertors 303 and 303
transmt sdmerdugvdriationss fgomaltlds exanplothasde ngt depart fidtiltheveape phthesn@&hlomnd

310'. Although shown as separate co ent s, D converto 303 303"
may be a SP9f§ BPkTed Bhibe Aranl AsaaRPciaa I yandws legpug dgran E%Efsleweﬁﬁl@dbe

manuf act .| I reciate
That any o ST S opiimeAs i (R bl b o e TR o

pr ocessi ngkillad ih tBOdt wiT appeacidte ghatnmnhe Qiemtional aspeds vERIG. Hdatvebgeer at ur e
signal fro éenperatu nsor 140 over |ead 112. Processing unit 301 is a
ni cro? pro%’é‘gl‘ §§‘Hr°ar5)’ group of processors that reads instructions
froma storag [ [ rious
functi ons of ﬁ: Io@vﬁrél?%s?ﬂa .S%ﬁg&gglgré%a?g%ﬂalgﬁﬁlgﬂ&hlvﬁeﬂﬁ% bg%@ﬁ%@ﬁ%%pﬁ#? 301 is
a ADSP- 2 18béxairiplew fthe iventiss drhervinouitrgctOR i seebnipyriséd af mgmmfacemsans'mé and
functions performed include, but ag no Iigﬂed to, (L# (gg mass fl ow
rate of aaP‘loﬁFSdmgd’éﬁ?B&f‘i%gFVUNﬁPéf‘p is qongigpred foreggive a ﬂPIW UiGnd conputi ng
density i fﬁ)t,% 320
and readglﬁlto ﬁ'g{ éftélfr?gﬁlcgﬁg %@@%ﬁ%a pat Q‘GFIQL@%E@?%’S‘%%?@/I301
storé¢e thelG.@ata and the |nstruct| ons for perform ng the various functions
in RAM 330. Processor 301 20 performs read and write gperations in RAM 330
via path 331. Propsedionqgierars mews 44d secehieeickoldrignalar dan @Fenmefmp and

transmts r \.i?]t;,‘;nq
receives %&?S%?‘Jtoa cﬁ'l&'\%térpﬁosdi% §1|ve glevoﬁ %érzé.ﬁ?‘y%ﬁm&é&%ﬂ pI cf<of fs 105
and 105" VhaflpidicompAdes a'lih@oﬂtygdohﬁulondm Weterfiog Mddans A4 waksgers thepickofft i ons for

nodi fyi ng the vol tnge recei ved over path 340 to generate an anal og drive 25
si gnal . Drignalsfileinddhe tepperadurg Stgaﬁlrﬂ%ﬂ tppRceiEdPEans 442 c Rrogessinganeapy ks chi p

51 ond? oSt i BRGBEISES 5l ORI Rl i AL o R0 !
anpl i t udeprotessiahe pizkoff signaly 433 aghihk tenfyapatinfel signal EDHtotdetembitietapropurtianal og

drive signal to driver 104 via path 110. Anplifier 305 may be a current
anpl i fi erOBhealwtya@@p@wpmefaitléﬁtotbeﬂw] ority Component Proportion

Determ nation f r n
oo et on ' Sl e e A Ll BASY
i nvent i onmedi30He eskdutihg PrdpartidhsodtiviareMdddl Pagyeseeg Mlkens 413 retrieves and

20  executes the proportion software 424 from storage media 422 to perform the above
described operation. The proportion software 424 is configured to direct the processing
means 412 to 1) receive pickoff signals and a temperature signal from the Coriolis
flowmeter responsive to a fluid being flowed through the Coriolis flowmeter wherein the
fluid comprises a majority component, and 2) process the pickoff signals and the

25 temperature signal to determine a proportion of the majority component relative to the fluid.

Proportion software 424 includes program code and firmware. Some examples of
storage media 422 are memory devices, tape, disks, integrated circuits, and servers. The
proportion software 424 is operational when executed by the processing means 412 to direct
the processing means to operate in accord with the invention. The processing means 412

30  refers to a single processing device or a group of inter-operational processing devices.

Some examples of processing means 412 are computers, integrated circuits, and logic

14



WO 03/021204 PCT/ US02/ 27100 nunerous variations fromthis exanple that do
not depart fromthe scope of the invention. Those skilled in the art wll
al so apprwoicawmei2ohat vari ous features described bel ow coulpdThs02/2Ta00i ned
with other enbodinents to formnultiple variations of the invention. Those
ski | | ed idircuhgy. aftiose\slilledaippheat atedarhiliat with nestimotiorsnpriocesadrs asdesairggeof FI G 4
have been 5 sinplified or omtted for clarity. FIG 4 illustrates circuitry
402 in confditi cation with a Coriolis flowreter 404 in an exanple of the

i nventi ony Thewfd FIGYW B4y D mindt &GPPGS §% of an interface means 414 and a
pr ocessi rrg—rﬂe‘a‘rrs_ﬁ‘g—%mmﬁmﬁ_‘ s configured to receive a fl ow of
fluid. Fl owreRI&S. 43 depiatibskclfer, exbmples of ogic Usedrby edlcuitoy irf domwmedieation with FI G
1 or floweter 25 in 10 FIG 2. 1n operation, ingerfac ans 414 receives
pi ckoPf st gAagls ﬂﬂ;@nstﬁwnaacwmmgap@sené fr@/ﬁaﬁloragﬁh%? Srilled Bteedivilloq
responsiv, . i b j d
conpris es&g}%é%té;ﬁ%éru{é%vﬁ%% hgﬂst M)rﬁ\gﬁg F %%ﬁc[gg grr%}i?é H%b?? gﬁ’g‘f‘é‘ ? S ﬁgff IS#IC kof f

si gnal s 4idRemiod. Thesd skilfedriather et wilbaisd appietidtothat variess faagresdmeribedbelow
Processi ng neans 412 15 reégi ves fhe pickoff si_glnal s 432 ?g]d the .

t enper at ufI&hgFraRbinghVitip ’é%‘Eﬁ’?fémﬁ’@éFPs 011@2‘_1“13? §ARYYS OREICHMERYPR: si gnal s
432 and U1 SRMES A b Gre Shifl WBbredidft bRt SABE BOMeAfoI BUABRLE FRES. s nivie

maj ority conponent relative t he urd. I'n one exanple, the operation of
ci rcudt r ybe#f2ingslifled dpemresds for aladtyby processing neans 412 executing
proportion software 424. Processing neans 412 retrieves and 20 exegéjzt es the

proportion soffimpdllusates adegic digegrdapiding a2pocesoo (0 eetEd PRETaBEY

descri bed. LN (o] NN ' fi . i rect
the. pr occian s ApRbeuliNy RRDFbL B GAEbRCL R bk 3 AT IONARE U 0T ¢
si gnal frfewinber 404.i Db d@&ermiih©wapi&@orti@sgf@anaajurtytoonpohéntiita flaid) girédioyed
through the Coriolis flowreter wherein the fluid conprises a majority
conponent 402dsgermyngs adiraiswlumerip flowdpte aad g seqoad yalumetric Bow ralppRd SAREES| gnal
to deternjn pef. tii f (1O Lt n . i e fluid.
Pr opggti g?rllleglc())gtl\%ge?'e?ﬁﬁlﬁt%ﬁlr]\@ 6 esrs{)?dégélg}rﬁxggwghﬁ |t?fné\%%r& %)‘%éhgxarrpl es
of st or agiekdTecligRal ¢222 IR IR Hmaks floverate dfahefluidiis kep S0nt €geditred0Zi rcui t s,
and servers. The proportion software 424 i s operatiagnal when executed by

the procethien diyides sirsmass floporatn hyerreferense dpnsiiyed Shepainttirromponensde seid the
accord w ﬁr@t %I’lﬁm'(eatrr]i\ér%ﬂ)y %?ebilr};;pe fé%o‘ﬁé Tird? gofﬁ?& c 3\3 e cgnel;eelreﬁr L hedh b}; ngle

processi ng devr ¢ i'ht'er-operational processing devi ces.
the following equation [1]:

20 V = ™ N - meters’ / hour (1]
p ref

where m represents the mass flow rate and O - represents the reference density.

The density of fluids varies based on temperature and pressure. Fluids, by nature,
are relatively incompressible materials. In other words, a change in density based on
pressure is minimal compared to a change in density based on temperature. Therefore, a

25 standard pressure is assumed for this example. A density versus temperature curve can be
generated for many fluids. A reference temperature and corresponding reference density are
then selected for a particular majority component.

To determine the second volumetric flow rate, circuitry 402 processes the pickoff

signals 432 to determine a measured volumetric flow rate of the fluid flowing through

15



Some exanpl es of processing neans 412 are conputers, integrated circuits,
and logic 14 WO 03/021204 PCT/ US02/ 27100 <circuitry. Those skilled in the
art are fwoiosioarzowi th i nstructions, processors, and stora®eET/UsezizaN0

Vol unetric Flow Rate Determ nation - FIGS. 5-8 FIGS. 5-8 depict specific
exanpl es fofwrhegi 404uaattptdPs c iQicuittyr402ithencdeteroivies at¢mperatutelvardng dGorty o i s

fl owreter in accor ith the present invention. Those skilled in the art
will  apptec®t eﬁ‘ﬁgﬂ&"b‘ﬂé eq,\éﬁtlioaﬁbﬁgldif &Gﬁ‘?’f‘l’ﬁr%tu@(é(wné RS  do not depart
fromthe scope of the, .| i o se illed. ] he art will _also
appr eci at e thwcem?i‘ébgbaé%?ﬁr'e(gogg cri bgggiytﬁo%é&k%%?m?}grconb[ ed with
ot her enbodi nents to formnultiple variations of the invention. Those

ski |l ed iwhdrb@ rafrbsenitsld tedparaged adtermiihed frofiie eMpwaie sigadl 438pects of FI GS.
5-8 have 10 been sinplified or omtted for clarity. FIG 5 illustrates a

> a.. ¢ y
| ogi c5di agr am @egiitey #0%gmultipliet e snsogedxelumetis floy g bthe tgmpgnaturer n gn

exanpl e of t.he.inventi.on. Fanr thi e(?sﬂpé . | yi @ | oW ng
t hr ough _‘falr’f}%g?"é}tyIfbﬁgllafoprag‘fcté}nn%%%§ e 'g“r“é%{s)ﬂl oﬁl]i gﬁdggrtrlw{ﬁﬂ#r)l cl§/§¥gﬂr$ponent
in a fluidferéick densithYo yi#i2he séconadvoRmerid flovs taty Rl stepeS Il Thilsesyndat e and a
second volunetric flow rate and conpares 15 the flow rates. To determ ne

t he firstvolahetniefloivoratelipggpreserted by thedfplowinggauasiosddkses the pi ckof f
signals 432 to determne a nass flowrate of the fluid in step 501.
Crcuitry 402 i{he di vi d@smptilﬁ mass,flow rate by a reference depsity of the
maj ority conpoNent” de@uyi € nefer; QM| unetric flow rate in ep 503.
The first volunetric floWweate can be represented by the follow ng
equation [1]: ] 20 V=mN - neters' / hour Pl Pref where mrepresents
the mass flow rate and pref represents the reference density. The density
of f Qi dswhere Vgs, haemeseots themsasused vadumettic flowsier @, Freprepentsgye nat ure, are
relatively inconpressible materials. In other words, a change in density

based on te%%@n%ﬁlgé-g?%ﬁlgrgegéi%lan %%@gs&% e FIRGS deﬂsiﬁrgnSi ty based on

t enper at ure. S pressure I's assumed for this exanple.
A density versus tenperature curve can be generated for many fluids. A
ref erence t enpéthetfirstevodyrdetsie flowsipter(dirmguels thersepand veliastrig flawaate (V3), then

the fluid is substantially pure. In other words, the fluid is comprised entirely of the majority
component. If the first volumetric flow rate (¥;) does not equal the second volumetric flow

15 rate (V,), then the fluid contains minority components in addition to the majority
component.

FIG. 6 shows a flow diagram depicting a process 600 executed l;y circuitry 402 if the
fluid contains minority components in an example of the invention. Circuitry 402 divides
the first volumetric flow rate (¥,) by the second volumetric flow rate (V,) to yield a volume

20  difference in step 601. The volume difference represents the proportion of the majority
component relative to the entire fluid. Circuitry 402 then adjusts the measured volumetric
flow rate of the entire fluid based on the proportion of the majority component. To adjust
the measured volumetric flow rate, circuitry 402 multiplies the volume difference by the
reference density of the majority component to yield an actual density of the fluid in step

25 603. Circuitry 402 then determines the adjusted volumetric flow rate of the majority
component based on the actual density in step 605. The customer is then billed for the

majority component based on the adjusted volumetric flow rate.
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then selected for a particular majority conponent. To determ ne the second
volunetric flowrate, circuitry 402 processes the pickoff signals 432 to
det er m newea mwam ed vol unetric flow rate of the fluid fl @eirnggor/emoeugh 15
WO 03/ 021204 PCT/US02/ 27100 flowreter 404 in step 505. Circuitry 402 then
det erni nes a tRGp@ésuws eflewdidgran depietingya pracess 7 epesogted bieirtwiry 408 ighe

equation |2 ields.the tenperature -varying.density: Rl e = 0. 00004T3 -
0. 004T2 A"ié %ﬁ??i%wtlc%n&neﬂgt‘&f‘%e’faé‘]‘ eﬁﬂ@?éﬁ“?“&ébr@%%‘ﬁ{%gwf 8‘3 8rature
det er m nege HiPUbuRRIICIRE FAL U ,Eb?l}ﬂ@@éonﬂ%lunﬁen@ f16Wirdte YV 4 @2yieMl & vddihmes t he
measured volunetric flow rate by the tenperature- varying density to yield

a pr oductdifferestedp s&pI01 CWlenianramosppofithe fludiiy ddesradite agusidmer, chiquitriie

f ity t ield th ol trjic fl te in st 11. Th
Cecons s aBeista foshif heamora T Dl Rt Syh¢ P i B MSeRReBn 1 o
V2 = Vneasur edrgl §iuslate§ 8 6 Sdiaghifideplctihg aPr&tessldbodreitedBldirouitry 402 ed

represents the neasured volunetrrc flow rate, plenp represents the
t enper at unanezamplagf terisvangipn.aRor tAisekamplsr asseme that i Suidgs domimgthreghi ty. | f

the first | iG.f .at V, t.h d | tri.c fl t
(V2), 1 nepvneigt 4, P S P hedrkry Guntesiony maghent gt BO0ck HETL | o
conpri Se;h(%’lfe-{e'iﬁmés QfmetaF'L?reMrﬁft%bfd a&%ﬂé@ﬂ@r@;varﬁrlfng a&@n%ﬁﬁ@éonwéérfﬁé ric flow

rate (V, oes not equal the sectond volunetric flow 15 rate (V2), then the
f | ui @0 condeasities. rTastart ofrcoinyplO2 pnessen theduékofngrats 43¢0 dafeonine p neessyredent .
FIG 6 shows a f|ow di.agram depictin rocess 600 execufed.b Lrecuitry
205 i1 ¢ HEn o the HBRARIrE Thi mbievyr A0R SRR ol e csigel AR
inventio i Qi r%% i irfg P2y e 803, | 1P MerAdBuieY. ) by

t he secogdcfté\/agﬁ%r?eﬁe?‘?bgé?’ﬁg\%&ate ﬁ} tlogf/q?gtlldgpﬂaqlvol uﬂrre 20 diefferlénce in

st ep 601.dchkiey aquialsitee ginfpketeraceryirgdeasien tlenttheflpid opoibstiantialtyf purdelftieg ori ty

conponent relative .to the entire fluid. Crcuit 402 then_.adj usts the
measur ed WeASHIFEdensity doegpotieqral the tepipsralieVARILg ‘{?%B'%ﬁ? h ﬂu‘gﬁ@ntﬁf"éporti on

of the n%%gt%@ﬁgg?&gma%}'tpmptgjth@ﬁléilobpgc geed volunetric flow rate,

circuitry Ies the vol une rence by the reference density of
the majority dftedhadtontainynehatitanompdneats, themsir¢uitrpf02 tieides thednéasustlep 25
603. Circuitry 402 then deternines the adi' us& ed Vé).lfumat rjc flé%)\g/ rate of the
maj ority density by the temperature-varying density to yield a density difference in step 805.

Circuitry 402 can then adjust the volumetric flow rate of the majority component based on

the density difference as described in FIG. 6 using the density difference instead of the

20  volume difference. Circuitry 402 could also adjust the cost of the amount of the fluid based
on the density difference as described in FIG. 7 using the density difference instead of the
volume difference.

Majority Component Proportion Determination Example Using Propane

The following are two examples of determining the proportion of propane relative to
25  an entire fluid flowing through flowmeter 404. For the first example, assume that:
m = 5000 kg/h
T =25 degrees Celsius
V usured = 10.146 m*/h
where m represent mass flow rate of the fluid measured by flowmeter 404, T represents the

30  temperature of the fluid flowing through flowmeter 404, and V.., represents the

volumetric flow rate of the fluid measured by the flowmeter 404. Also assume that the
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conponent based on the actual density in step 605. The custoner is then
billed for the nmgjority conponent based on the adjusted volunetric flow
rate. 16 WO W®20284204 PCT/ US02/ 27100 FIG 7 shows a fl owprditagoaetidepi cti ng
a process 700 executed by circuitry 402 if the fluid contains mnority
conponentsferencaderesitswp pwpotie it 1969 kghren Uisorg eq@atian il rojrcdi0® 402 etdesines e fi r st
volunetri¢c flow rate (V) by the second volunetric flowrate (V2) to yield a
vol ume  ditt ‘é‘ﬁ%té‘ci(a‘?wsrla?p 701. Wien an anount of the fluid is delivered to
a customer, circuitry 5 adj usts the cost of the anount of the fluid
based on the vplyrrﬁdi:f nce M MNEEP W03. FIG 8 illustrates a logic

di agr am depi ct i hg prepro&)Qs 800 executed by circuitry 402 in an exanple of
the invention. For this exanple, assune that a fluid is flow ng through

fl owmmeter 404. To determ ne the proportion of a majority conponent in a

fluid, C'[Uﬁh’%&édé_tioﬁf?%, SeL@y ATt FmTRA AUERFerSBAS T drYind A6hsity.

t emperat ure-varying density and conpares the 10 denhsities. To start,
circustry 402 BrOCESS(EQOOO@T@'—C(KOM_T@'—9R§6§1F3253@1 dejg7 8kipe A’ measur ed
density of the' fTAid in step 801. Crcuitry 402 then processes the
tenperature signal 434 to, determne a tenperature-varying density using
equat i on P98 pgpagpe p3lgeiscuitry 4Q2detorpungs pageonderlinsirie fawrate; he
tenperature-varying density, then the fluid is substantially pure. If the
measur ed densi y_dlges nofemqual ]:1‘2(?6149%@9%&- Vﬁ{%i ng density, then the
fluid contai ns"415 Miemotd t cﬁ?ﬂ% tspg N & the majority
conponent. If the fluid ¢6htains mnority conponents, then circuitry 402
di vides the neasured density by the tenperature-varying density to yield a

density difference in step 805. _Circujtry 402 can then adjust, the

vol unetric fl o%&qaa%eeeqa?tl%%&ﬂ?&fi&?l ??%éfaﬁi%?%ﬁfulbgé"efﬁi"‘gﬁ COP#@SE%NE}%

di fference: ! i ITeR .ty difference instead of
8 Gn lothef WGids Stht SufBis ke [H6plk!t ¥

t he 20 voel%l}neyg??%g%cg? 5Frcuc%siry 4028?oullg al so adjust the cost of the

anmouh® of the Fdruhdsdoaskbekample, bisendehadi ty di fference as described in FIG 7

using the density difference instead of the volunme difference. Majority

Conponent Prodﬂr_‘tﬁ%)ﬁ erm nati on Exanple Using Propane The follow ng are

two exanpl es _Oet LOFRpG.the proportion of propane relative to 25 an

entire fluid ﬁo%r@%?gﬁgugflomt er 404. For the first exanple, assune

that: m = 5000Vkg/ h=T6.28an'degr ees Cel si us

where m represent mass flow rate of the fluid measured by flowmeter 404, T represents the

15  temperature of the fluid flowing through flowmeter 404, and V.., represents the
volumetric flow rate of the fluid measured by the flowmeter 404. Also assume that the
reference density of propane is 509 kg/m’. Using equation [1], circuitry 402 determines a

first volumetric flow rate.

20  Using equation [2], circuitry 402 determines a temperature-varying density.

Premp = —0.00004T" - 0.004T7 - 136617 + 530.1 = 492.8kg/ m’

Using equation [3], circuitry 402 determines a second volumetric flow rate.

Prom 4928 .
- 1025227 - 9.924Nm® /h
025559 m

V,-V

measured

ref
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Vme~ured = 10. 146 nB/ h where mrepresent nmass flow rate of the fluid
nmeasured by flowreter 404, T represents the 30 tenperature of the fluid

fl ow ng twoasghizbd owret er 404, and V171leas,,, ed represent arheso2eobunetric
flowrate of the fluid nmeasured by the fl oweter 404. Al so assune that the
17 WO 03/ 0212(Ek1tﬁﬁﬂ'vislj$§l)2mzr31®@ld 1 differephieeultl efibirefpre irpritrp 462 détsmB0€s kg/ nB.
Usi ng equat.i , Circ 402 determnnes. a.  fir vol unet r | | ow rate.
5000 2 BB airksneS a5 e i masiiseg,st g O acdoHIon 3 HeBIERE- i)

det er m negoQs WEOREIIE H(Stei)uY@f)ﬁr{r)gﬂQ: {ER%IthY402:aR e calcufhtORPR4ID volu@hegﬂﬂTZ -
1.3661T+ 530.1 = 492. Using eéquation [3], circuitry 40

det er m n@omra;eﬁmhﬂkmhtum:tcomm thel impuritiesan thefluid ymgshe prdcgss €0 inF IID 6146
492.8 9.823Nn8 / h 509 pref Because equations [1l] and [3] yield the sane
result, the fluid is conprised alnost entirely of propane. In other words,
the fluid is pure propane. 10 For the second exanple, assunme that: m=
5000 kg/h T = 25 degrees Celsius V,,easured = 10.25 nB/h where mrepresent
mass flow rate of the fluid nmeasured by floweter 404, T represents the 15
tenperature of the fluid flowi ng through flowreter 404, and Vneasured
represents the volunetric flowrate of the fluid neasured by the flowreter
404. Al so assune that the reference density of propane is 509 kg/ nB. Using
equation [ 1], circuitry 402 determnes a first volunetric flowrate. m
5000 V _ =509 = 9.823 N8B / h pref
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20 Using equation [2], circuitry 402 determ nes a tenperature-varying
density. P,enp = -0.00004T3 - 0.004T2 - 1.3661T+ 530. 1= 492.8kg/ nB8 Using
equat i on W8Jo3ozizocui try 402 determ nes a second vol unetri ecfriuswe/zave. V2 -
Vheasured plenp = 10.25 492.8 9.924 NnB8 / h p,ef 509 18 WD 03/021204
PCT/ US02 VR4 clabpedis:ons [| ] and [3] yield a different result. Therefore,

circuitry 402 determnes that the difference may.be due.inpurities in the
fluid in addith (fhmtegqogﬂioﬁ?rﬁtb%“ér.cuﬁﬁ' %5@6? co%}%'éc,ag%glqllau'?{lqhg not pure
propane. geiirdibd@yaA8R kdfod Qipricpleahé abgopn actual volunetric flowrate
that takes into account the inpurities in the fluid using the process 600
in FIG 6. 19e0ADi0B8pioRAfPSignHCABLBARY REMPEratuny signald434)rome thej Goriolis A et hod

of operatjng circuitry (402)..in.c icati,0 i th.a. Coriolli f | ownret er
(a0} "t oMateraasnoonite fos A oRise iR i belhe by goakite B ginds T 450)
and 3, t epRLALAY EmToHRAon{dad; from the Coriolis flowreter responsive to a
fluid being flowed through the Coriolis flowreter, the fluid 5 conprises a

maj ority conpdmemethod beingehdracerred by thdwsiemefi eri zed by the step of:
processing the pickoff signals.apgd.the t erature si.gnal determne a
proportion of the MEPGFIR t[}]xeg}ﬁggtﬁé}@?]]sgp(ii?e\;gnpga@ﬁeemgrpq?ltqj_&&?m%% met hod
of claim i @Fh@ﬂﬁﬂﬂ LoHndnag: elaeiPstoohe fARfOCcessi ng the pickoff signals
(432) top(?ioeéoerl(%l{.'net a vol J?re‘???élflov?/ rate gf the fluid flow ng through the

Coriolis flowreter (404); and adjusting the volunmetric flow rate based on
the proportion of the jprity .c onent. 3, The method of claim1 further
conpri si ng the%' &@@ﬁh‘%%lﬂgﬁ?f&?‘gp@wsf%th%ﬁe nt of the fluid based
on the propor %Sﬁﬁ%ﬂllag)]j&tﬁﬁﬁfgnﬁbé (489188 ERine 4 vollRt AN Fat@ bf fHediuia |

wherein the proporti e gj ority conponent
flowing through the Coriolis flowmeter (404); and

adjusting the volumetric flow rate based on the proportion of the majority

component.

3. The method of claim 1 further comprising the step of:
adjusting a cost for an amount of the fluid based on the proportion of the majority

component.

4. The method of claim 1 wherein the proportion of the majority component

represents a purity of the fluid.

5. The method of claim 1 wherein the majority component comprises propane.

6. The method of claim 1 wherein the step of processing the pickoff signals (432)
and the temperature signal (434) to determine the proportion of the majority component
further comprises the steps of:

processing the pickoff signals to determine a mass flow rate of the fluid flowing

5  through the Coriolis flowmeter (404); and
dividing the mass flow rate by a reference density of the majority component to

determine a first volumetric flow rate.
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represents a purity of the fluid. 5. The nethod of claim 1l wherein the

maj ority conmponent conprises propane. 6. The nethod of claim 1 wherein the
step of pwoosszizng t he pickoff signals (432) and the tenmperatsoe/erisé gnal
(434) to determ ne the proportion of the majority conponent further
conprises the steps of processing the pickoff signals to determ ne a nass

fl t ft fl ui | i th h t Corioljs f et 4): d
dividing ¢ he rncemelid af s yhemabe e ohenerepeck vkkSharat (6 "
conponent, li@he t@ﬂ@)@fa’iﬂrg Si gﬁalgh% Hlto H&%Mﬂ'ﬁé fHepréporion &t the mAfbrHPcA3pdieaR 04

PCT/ US02/ 27100 The rmet hod "of claim6 wherein the step of processing the
pi ckof f sudhalcompide)thastdps dfe t enperature signal (434) to determ ne the

ti f th jqQrit ] t, furth i th t f.
brocessing t herpvesks egidkoli dbnals o deierming & meastral v RMES HRIAE o PF ow rat e
of the Sl ofild R SN folndiiaely s Tl owreter (404): processi ng

gna

the tenperature si to determne a tenperature-varying density, the
t enper at ur e sipyoadssing fhederaperstutdegtabtopdetearnines whpetagurevaryhg deositya thet hr ough

the Coriolis flowreter; nultiplying the sured volunetrijc fl.ow rate of
the flui demperm@swﬁ serseonisand teppeiapire ot B8 vyl fioyias BiRbEh e Corigfs
t enper at U§RsMakyi ng density to yield a product; and dividing the product by

the reference dénsity to yield a second volunetric flowrate. 8. The
met hod of cl aimulfiplyirey the mebdreeds vapmettic flovcmtesifiihe flind flosvipg thatughdhsi gnal

(434) to determyne the tenperature-varying density further conprises the
step)l%f afa?ﬂfg&s{a?gm%r ar"éft}g‘}r)@ﬂ’(l,’@a&’éﬁé’?‘iyijl‘gﬁgggﬁ' %Hl%@mépf%lﬁ?ﬁte ‘fure of the
fluid flow ng &b MOl t ~claim
7 wher ci n t he SYRaHe plolfo FRitheleldercs QTS riebhfecoR s R RRE R

tenperature signal (434) to determne the proportion of the majority

conponent further conprises the step of: dividing the first volunetric
flow rate by thelhésnethad obelaime{ pwherep @ﬁ/sﬁeﬁlogp’foﬁes)??”@ltge fq'i‘g’er%“rﬁrs’(%g‘ra tion of

the maj Or(i4§¥) {6 WLRAD e the temperature-varying density further comprises the step of:
adjusting the reference density based on the temperature of the fluid flowing through

the Coriolis flowmeter (404).

9. The method of claim 7 wherein the step of processing the pickoff signals (432)
and the temperature signal (434) to determine the proportion of the majority component
further comprises the step of:

dividing the first volumetric flow rate by the second volumetric flow rate to yield the

5  proportion of the majority component.

10. The method of claim 1 wherein the step of processing the pickoff signals (432)
and the temperature signal (434) to determine the proportion of the majority component
further comprises the steps of:

processing the pickoff signals to determine a measured density of the fluid flowing

5  through the Coriolis flowmeter (404);

processing the temperature signal to determine a temperature-varying density, the

temperature signal represents the temperature of the fluid flowing through the Coriolis

flowmeter; and
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10. The method of claim 1l wherein the step of processing the pickoff
signals (432) and the tenperature signal (434) to determ ne the proportion
of the nmayorastgizeonponent further conprises the steps of PCurcsozsaing t he
pi ckoff signals to determ ne a neasured density of the fluid flowng 5

t hrough t he Calividinggh¢ meesveededengifyOly) the tenapasaiuierarying densitp éa wieldrtee si gnal to

deterpmine a t efature-varying density, the tenperature signal represents
the t npe‘?rﬁmfﬁgg8€t?‘?%aj?rllt¥icéwgb ‘ng through the Coriolis flowneter; and

21 WO 03/021204 PCT/ US02/27100 dividing the neasured density by the
tenperature-varying density to yield the 10 proportion of the majority
conmponent . 11.1ICiGieavitry (A0 omfigowsd to gemmgnicatedd tnaGpielisdlammeter(40h) thsl i s

flowreter .(404), the. circuitry co ising.an jnterface ns (4

cont'| gur e LE sopiarbeRn RGP SRR LY 53R B B R Pt (230
from the fQrd @hberafurO¥1BRi €434) EDROME Q6oL flawhlett fespEhsig: tofal fRiEBeihgir ough t he
Coriolis flowreter and to transfer the pickoff signals and tenperature 5

si gnal , tfevdd thicsgh threpCoriadis flowmgterrandyo tamgberrtbepickoff hignalp prd.fempyrabue ng

characgteri.ze - .8 processin ans (412) configured to receive the
pi ckof f s?‘%'}?gltgggwg CBH’QHS?S&{B%PE&WQPQ’PE%M and process the pickoff signals
and the tenperg biréuit| 888k chRad&iRiBYyNe a proportion of the mgjority
conponent relative to the fluid. 12. The circuitry (402) of claim1l

wher ei n t he processi prgcessing sneans (#) 2) eonffigniedde receiyathegrickadt signalyanddbes t he
pi ckoff sjgnals (432) to determne a.voluynetrjc flow rate of, t fluid

Pl ow ng ¢ Kiiaggirt Heait sroresshommetter eralbasd s iemedarbft el nehaminet 1
flow rat epr@ﬁ&ﬁ@n@ﬁth%bl%j&’it?@@ﬁ%b%}{%ﬂatf\)é%Eﬂﬂﬂlﬁd:‘y conponent. 13. The
circuitry (402) of claimll erein the processing neans (412) is further
configured to: adjust a cost for an amount of the fluid based on the

proportion em;)r @ngt{? Oﬁ{gx}ﬁgﬂ@ooﬁgﬁgﬁﬁﬁ yvhle‘rléin e Sk Gub tetnd AP et &l M 11
' configured to:
process the pickoff signals (432) to determine a volumetric flow rate of the fluid
flowing through the Coriolis flowmeter (404); and

5 adjust the volumetric flow rate based on the proportion of the majority component.

13. The circuitry (402) of claim 11 wherein the processing means (412) is further
configured to:
adjust a cost for an amount of the fluid based on the proportion of the majority

component.

14. The circuitry (402) of claim 11 wherein the proportion of the majority

component represents a purity of the fluid.

15. The circuitry (402) of claim 11 wherein the majority component comprises

propane.

16. The circuitry (402) of claim 11 wherein the processing means (412) is further
configured to:
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conponent represents a purity of the fluid. 15. The circuitry (402) of
claim 1l wherein the majority conponent conprises propane. 16. The

ci rcui trywO4Bari1204 claim 11l wherein the processing neans PE€TA)Soe/710wrt her
configured to: 22 WD 03/021204 PCT/ US02/ 27100 process the pickoff signals
(432) to det erprogess the pickeftisigmalsi(d3d) tofletehené h mads flowwatagf theluadifjbowinge
Coriolis flo ter (404); and 2Si_vi de the nmass flow rate by a reference
density d rw\é\gﬁﬁé%ﬂl‘ts PRI HEX) ¥ determine a first volumetric flow
rate.17. The g£i:pEHi ' (=] R, | means
(412)%7s furt ravaE s ?*aﬁlf’gﬁ*‘%eg’fy a;ﬂﬁgééiﬂgé@ﬁ{t@ggﬁ%ﬁ]ﬁ%ﬁgﬁg&%ﬁ%@ to

det er m neletermisesufistvolahetnetffomcratd. ow rate of the fluid flowi ng through the

Coriolis flowreter (404); 5 process the tenperature signal (434) to
determ ne a tenperature-varying density, the tenperature signal represents

the tenperaturg ofpeld uii#yxﬁbgﬁo}fgrﬂrﬂgéwewﬁ%etp?ﬁw lg}%z&rﬁ (412) QVRREE

multiply the nmeasured vo | ow rate of e flurd fl'ow ng through the
Cori ol i s configme@teer and the tenperature-varying density to yield a product;

and 10 divide the product by the reference densit o yield secon

Tl umot s 1o 11 GGt b POk Bl FD4P Brg a0 s hestired SoMmERS et BReChe

pr ocessi . ﬁf'o%?h ygur ed to: adjust the reference
density L&ggggeg@ § e elﬁ}%eérﬁ%{ggrogfﬁ?ﬂfem%ﬂi d flowng through the Coriolis
fl owmret er (404rodess thettanparatare dignal 3P toadetarsinee igmperateersartying dedsity] the

circuitry (402) of claim17 wherein the processjng neans (412) .is further
confi gur etampg_azllm gigepd rensesents thy tenperahie PP@" uHﬁ\h?‘%‘Pé ﬂH9“$h§1t§e ?QE‘BﬁH
volunetrig flogw.rate to yield the proportion of the mpjority conponent.
20. The circuitry (402) of claim 11 wherein the processing nmeans (412) is
further confimgultiply themeasured volumetric flow rate of the fluid flowing through the Coriolis

flowmeter and the temperature-varying density to yield a product; and

10 divide the product by the reference density to yield a second volumetric flow rate.

18. The circuitry (402) of claim 17 wherein the processing means (412) is further
configured to:
adjust the reference density based on the temperature of the fluid flowing through

the Coriolis flowmeter (404) to determine the temperature-varying density.

19. The circuitry (402) of claim 17 wherein the processing means (412) is further
configured to:
divide the first volumetric flow rate by the second volumetric flow rate to yield the

proportion of the majority component.

20. The circuitry (402) of claim 11 wherein the processing means (412) is further
configured to:

process the pickoff signals (432) to determine a measured density of the fluid
flowing through the Coriolis flowmeter (404);
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process the pickoff signals (432) to determine a neasured density of the
fluid flow ng through the Coriolis flowreter (404); 23 WO 03/021204
PCT/ USO2/wolBMBopr ocess the tenperature signal (434) to deTars/QHEIG
tenperature-varying density, the tenperature signal represents the

t enpef at ur e ofprodess the térapdratom sigpat (#3dLighletenmingor tempérgturé-v awingtdsnsitya the

di vide the neasured densit the tenperature-yaryi densi to yield the
propor t i JAMBFAUEESIERY B?Rr'fsf/‘Xté %SWBW?W?%&&%‘AHE@#%%% ﬂﬁ’?%ﬁl}@? %gf)ﬁ%se with a
Coriolis ddvaneet: ahd (404), the software product conprising: proportion
software (424) configured when executed by a processor (412) to receive

pi ckof f si gnaldivifld §2)measured dewmsity by shatempetagmervary@4ensityomyidhéth€or i ol i s

fl owmmeter responsiye 5 to a fluid being flowed through the Coriolis

f 1 owret erPTR O?P{J%B%Wf%gm&n jority conponent; and storage nedia
configured to store the proportion software; the software product
characterized by: the proportion software being further configured when
execut ed by tHd. W seftware peductifor wreovithsa Cotieipilakméter G04h thessofimare he
tenperature signal .to determne a proportion of the majority conponent
relative R“bd‘fcﬁgoq‘?‘ﬂﬁ"&ﬁ' 22. The software product of claim 21 wherein the

proportion sofduaiBod ddtlard ?424&&31&%%&%&1!699&%& by@%}c%&f}gl 2o bacele

processor (41 )r, to: process the pickoff signals (43 termne a
vol umet r i pickofbsignaks @32} andrestefmperiathre §igmabi(43g) fionothg Corietis Bowinster sespbmsiveet er

(404), and 5 adjust the voluneiric.flowrate hased.on the proportion of the
i of ¢ Canbahesine fovsd trnehaht ot Hibhtn T in Zomphtes BGDBRY ¢ he
proporti g sehimest (424) is further configured, when executed by the
processor FZ)%Z) “to: adjust a cost of an amount of the fluid based on the

proportion of stdregempdiaiconfigucaitp stoenthe ppoportidresodiwfareyar e product of claim 21

wherein the proportion of, the majarit conponent represents a purity of
the fluid. P tﬁg software product charac eIQIZCd tyy: P P P y

the proportion software being further configured when executed by the
10 processor to process the pickoff signals and the temperature signal to determine a proportion

of the majority component relative to the fluid.

22. The software product of claim 21 wherein the proportion software (424) is
further configured, when executed by the processor (412), to:

process the pickoff signals (432) to determine a volumetric flow rate of the fluid
flowing through the Coriolis flowmeter (404); and

5 adjust the volumetric flow rate based on the proportion of the majority component.

23. The software product of claim 21 wherein the proportion software (424) is
further configured, when executed by the processor (412), to:
adjust a cost of an amount of the fluid based on the proportion of the majority

component.

24. The software product of claim 21 wherein the proportion of the majority

component represents a purity of the fluid.
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24 WD 03/021204 PCT/ US02/27100 25. The software product of claim?21
wherein the majority conponent conprises propane. 26. The software product
of clai m®&0Doalerzed n t he proportion software (424) is furtraarusopefiogur ed,
when executed by the processor (412), to: process the pickoff signals (432)
to deterni ne &5mdAdbs séftwavepatductodf ddvm X1l wheteihlthevnagprityt ¢nmepeglnttdemp@ees ol i s

fl owret er é404); and 5 divide the mass flow rate by a reference density of
t he maj orA'?R*E€onponent to deternmine a first volumetric flow rate. 27. The
sof tware product of claim 26 wherein the proportion software (424) is
further configured, when executed by the processor (412), to: process the
pi ckof f si gnal2. (TA82)ftwaregpedduchofimdaim Ttesbereimdhe/ plopomtioniseftiareidddaie of t he

fluid flow t hy ou the Coriolis, fl owmete 404); 5 process the

t enper at fof/’m’ég‘gricﬁﬂ r?(ﬂgvzt)enteegeqyqué}y,{h?,grogestsgl’,@éé)agqjr e-varying density, the
tenperature sighals hERIASENhals/163) RIBAEMIHE § noks NOR rhtt Wt thelihuRIIBGirghr ough
the Coriolis “flowreter; multiply the neasured volunetric flow rate of the
fluid fl chiongh therCuuipiis floen@tari(é04)sandf | ownet er and t he tenperature-varying

density to yiel.d,a product; and 10 divide the product .by the reference
densi % y to yi éi‘ﬁd%ﬂ?é’&ﬁﬁﬁ‘)%ﬁ‘ﬁg’é{tarr? ranBaFI?S&V Q?theﬁjoﬁﬁ%(’g‘@f”?‘?ﬁﬁoe pr oduct
of cl ai md%?eréﬁlﬂ%’ﬁﬁﬁt&&ﬁm&ﬁ@%ﬂﬂa@ software (424) is further configured,

when execute y the processor (412), to: adjust the reference density
based on the tenperature of the fluid flowi ng through the Coriolis
fl owmeter (404 ure-varyi

sof tware product tTg‘F%g ‘gg‘%pggﬂ‘\t%h‘g@?i‘iﬁg‘p%eélgﬁﬁ%‘ﬁg? P%Ba ’é’gggﬁs)i%(%% (‘éég 43 Tihg
oL AR e Wpktesaeser (0) 2, v de e
proportion of proeesshe@idkoff signalsd#zd)tto d@brvife @ 3D Air2ddolR@EdSBRY il @The 30.
The soft V\f/‘?Ji((ia ﬂggv?n(jlgl{ﬁ;ougfl tl?el (%nngli% ]flo\\la\vhrr?erteeri(HOE)?e proportion software (424) is
5 process the temperature signal (434) to determine a temperature-varying density, the
temperature signal represents the temperature of the fluid flowing through the Coriolis
flowmeter;
multiply the measured volumetric flow rate of the fluid flowing through the Coriolis
flowmeter and the temperature-varying density to yield a product; and

10 divide the product by the reference density to yield a second volumetric flow rate.

28. The software product of claim 27 wherein the proportion software (424) is
further configured, when executed by the processor (412), to:

adjust the reference density based on the temperature of the fluid flowing through
the Coriolis flowmeter (404) to determine the temperature-varying density.

29. The software product of claim 27 wherein the proportion software (424) is
further configured, when executed by the processor (412), to:
divide the first volumetric flow rate by the second volumetric flow rate to yield the

proportion of the majority component.
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further configured, when executed by the processor (412), to: process the
pi ckoff signals to determ ne a neasured density of the fluid flow ng
through twe oGoei2ed i s flowreter (404); 5 process the tenperatrsez/siignal
(434) to determ ne a tenperature-varying density, the tenperature signal
represents t he3(: effpeofiwareeproduct plclaim? bwherein thy ptompﬁmgﬁoﬁh(ére(ﬁé%)o#i is

fl owret er nd d VI d the meas ed, densi t e tenperature-varying
density t%ﬁs qOB egpeépgq%byowepﬁogeﬁéf@ﬁ?f v cormponent . 26

process the plckoff signals to determine a measured density of the fluid flowing
through the Coriolis flowmeter (404);

5 process the temperature signal (434) to determine a temperature-varying density, the
temperature signal represents the temperature of the fluid flowing through the Coriolis
flowmeter; and

divide the measured density by the temperature-varying density to yield the

proportion of the majority component.
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