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USI NG A CORIOLI S FLOWETER Field of The Invention 5 The i ngeR&broaryragat es
to flowreters, and in particular, to nethods and systens for determning a
proportion of a MaMAFORITYNPOMPONEN RFIRE@PORBEIGN DETERMENWTIONOUgh a
Coriolis flowmreter. Statenment O The Problem Wwen a fluid that I s being
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delivered is neasured in terns of volunetric flow The term"fluid" refers
to any material in aliquid or solid state that flows. The volunetric flow
rate is used to bill a custoner Fmabhermrmumuaf fluid delivered. A
turbine, a p05|t|ve di spl acenent neter, sone ot her neasurenent system
measur &s t he vollhfEvsptiamnelates ipdloyanetps, Mdﬁnd:alrtsc%t jovagtaeds ang syptems for
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ref erence Cerpley Abwmeter. The custoner is then billed based on the adj usted
vol unetric nmeasurenent. Many fluids are sold based on standard conditions,
whi ch nmeans that the neasurenedtatepeng@faBlsefecblethat the fluid being sold

i . Ho Lhe £l uid. b f th t. A
mi b1ty conpondiien At BahisPpaXhie b ER 2P wi € msaRe B ETPRY O St
as theofl uflEdlRRIIVG S B HeasdfRg it Iotwomﬁe%tﬁ THRAESS efibid™ kérPilth tahfas

mxed in with the majority conponent. For exanple, propane that is
del i ver ed mateoaksnaneugl aaolidetate shadfloivsh Toe Netumammﬁowemtbss siedito hdl @t hane,
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di screte nmet hane conponent.” Untortunately, turbines and positive

di spl acenentharatsesserc dhaateasirkeehnt sysleyn alde tratraetht heamperapor ¢fi the flofd. tTe:
majorjity conponent relative to the fluid being delivered to a custoper.

Cons ebfuentMsAsutement sxsteghadiysta the wilpmetgcagegsprameat tq yfeferpacegemperatne Wag to
measure a mﬁteﬁ' ltSOtWet? Blll@d i)lléé'ddon the %Jtugtea vgﬂj 8111: %C%Jrgﬁgntmss floweter.

Many fluids are sold based on standard conditions, which means that the
measurement system assumnes 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
impuritics 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 s 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



30 Coriolis flowreters neasure nmass flow and other information for fluids
flowing through a flow tube in the flowreter. Exenplary @irfadrisy 2006
flowmreters are disclosed in U S Pat. No. 4,109,524 of August 29, 1978,
U S.- Pat. No. 4,491,025 of January |, 1985, and Re. 31,450 | 21 February
2006 of February 11, 1982, all to J. E._Smth et al. Floweters are
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the flow tubes and the mass of the fluid flowing through the flow tubes.
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measure the notion of the flow tube and generate pickoff signals that
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or any other ancillary electronics or circuitry connected to the flowreter
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el ectronics can determne the mass flow rate of a fluid flowng through 20
t he fl ovgnsesentabusebithermatinn ¢fitbk 86w tubgfddal s. An i nportant conponent of
Corjolis floweters and of vibrati t ub nsitometers is the drive or
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systemincludes a driver nmechanismnounted to the ow tube(s) o
f | owret determiine tivr phaece dyf&ramedkseeen the pickoff signals. The phase difference between

two pickoff signals is proportional to the mass flow rate of fluid through the flow tube(s).
Therefore, the meter electronics can determine the mass flow rate of 2 fluid flowing through
20 the flowmeter based on the pickoff signals.
An important component of Conolis flowmeters and of vibrating tube densitometers
18 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 dnve 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 dnve mechanism, the periodic drive voltage causes the coil to produce a

continuous altemating magnetic field. The alternating magnetic field of the coil and the



25 includes a drive circuit that generates a drive signal to operate the
driver mechanism The driver nechanismtypically contai n1orebredry Zooy wel |
known arrangenents, such as a nmagnet nmounted to one flow tube and a wire
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u. S. Patentfagetz,micgg,ﬁmﬁbﬁsh&gﬁ to Carpenter and assigned on its face to 5
Mcro Motion, Inc.). Al'so, the driver signal is not limted to a sinusoidal
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assunmed togbhe e to tenperature and not due to the purity of 'the fluid.
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Statement Of The Solution
- The invention helps to 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 mc;re accurate measurement of the amount, purity, and quality of
_a fluid being delivered. The invention also allows customers to be more.’accu_rately billed
for fluids being purchased.
In one example of the invention, circuitry is cohﬁgured to communicate with a
25 Coriolis flowmeter to implement the invention. The circﬁitry 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.r 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.



20 conponent relative to a fluid flowing through a Coriolis flowreter. The
I nventi on advant ageously provi des a nore accurate neasur ergenfebofary 2006
anount, purity, and quality of a fluid being delivered. The invention al so
al l ows custoners to be nore accurately billed for fluids being purchased.

In one exanpl e OfInt hﬁ? invent'!lon cl rcultr%/r{is, configured to communi cate
with a 25 Coriol i's PPEGREEPLE Of themvention therrarciimyereruses tha frdlosingpiocess to
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di vi des t hB3IBYGemPpYenthe ref erence density to yield a second vol umetric
flow rmte. If hh&d"r%g:g# y low.rate .equals th cond vol unetric
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execut es  tthe tdmpdraturenggmsl QCéssmiife 2 temperature of the fluid. The circuitry determines a

temperature-varying density based on the temperature. If the measured ﬁmsity equals the

20 tcmperaturc-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 steps of:

25 receiving pickoff signals from the Coriolis flowmcter responsive 1o a fluid being

flowed through the Coriolis flowmeter;

processing the pickofT signals to determine a measured mass flow rate of the fluid
and a measured volumetric flow rate of the fluid; and

calculating a first calculated volumerric flow rate of the fluid based on the measured
30  mass flow rate;

the method being characterized by the steps of

calculating a second calculated volumetric flow rate of the fluid based on the
measured volumetric flow rate; and



determ ne the proportion of the majority conponent. To start, the circuitry
processes the pickoff signals to determ ne a neasured dersi Fabradryt2hes
flFuid. The circuitry then processes the tenperature signal to determne a
tenperature . of the fluid- The circuitry determ nes a tenperature-varying
density based on the tenmperature. If the neasured density equals the 20
tenperature-varying density, then the fluid is substantially pure. If the
measured density  dQ8mofthe BRRL LRBIIRREALIE SoPHald i (PRI calbslifdd! e
fluid is conprised o ne %r nore mnority conponents in addition to the
maj ority eolpmidnflowGat tadptentine thetpueity nf/thathubh i ncl udes, a nmet hod of

et o1 3"t he Prelatbeh e SERbd pERet Srimpiten ceulehing s upe GHIERE AT &
f1 owret er ({S5R0OIEIRel Qoﬁnfehw'kﬂ’mpﬁit@ 8nd {hh@%ﬂg (cBIcAlEA JoliEndaE IRk Site; and

fl owmeter; processing the pickoff signals to determne a neasured nmass fl ow

rate of the fl adihstimgthesnessured veldmeticflew rite bisedwntixt eluhe diféerénasi d: and
calculating a fjrst,calculated.volunetric flow rate qf t fl ui ased on
Che measurod . Serinatl: fednabo et ibishs e Srivt ST b e
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based on the neasured volunetric flowrate; and 4 21 February 2006
conpari ng the adiugingaeestforasdmpsninfahe fluidthassd orothe valwnediferspednd

calculated vo L Call [ . determne the purity of the fluid.
Preferably, thgﬁﬁ%ﬁlé’dmf%?%@ggﬁgﬁogg&cal culating a volune difference
bet weln t he f Preférabigl thelsepod caaedﬂum? & faest thlewlated velmitiri¢ flewsae@fdhe fluid
calcul ated volunetric flow rate; an 5 adjusting the neasured volunetric

f1 ow r at ebased en tynmearuregdgnassdlon mredhethercorprisesthasiep oft he net hod furt her
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adj ust i nghe fisashlcibtedwolaneioflodfratehe fl uid based on the vol une difference.

Preferably, the fluid conprises propane.
y Igrefcrably, the rs'.rthp of calcuriatinr‘)g a second calculated volumetric flow rate of the

15 fluid based on the measured volumetric flow rate fiurther comprises the steps of:
receiving a temperature signal from the Coriolis flowmeter representing the
temperature of the fluid;
processing the temperature signal to determine a temperature-varying density of the
flnid;
20 multiplying the measured volumetric flow rate of the fluid and the temperature-
varying density to yield a product; and
dividing the preduct by a reference density of the fluid to yield the second calculated
vohunetric ﬂqw rate.
Preferably, the step of processing the temperature signal to determine the
25  temperature-varying density of the fluid further comprises the step of’
adjusting the reference density of the fluid based on the temperature of the fluid.
Another aspect of the invention comprises, circuitry configured to communicate

with a Coriolis flowmeter, the circuitry comprising:



10 Preferably, the step of calculating a first calculated volunetric flow
rate of the fluid based on the nmeasured mass flow rate fatkebruarg2poé ses
the step of: dividing the neasured mass flow rate by a reference density of

the fluid to detealim@fadehfeahd L&if I A ric.flowrate..
Preferably, the step of calculati %?éafﬁgerg%n ﬁég%c(}:tg?l CORV M"ﬂ(’élsquﬂﬂ
rate of the reiBpnBivgite afhudbeiog floved theasgt e CoololigElomirtetéd 4N tb ¥aBsfebfHeMilkorr

conprises t eps of receiving a tenperature signal fromthe Coriolis
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flowmeter represénting the tenperature of the fluid; processing the

tenperature signal to ggiREH eBRE - | .densi.ty of the fluid,;
20 mul ti q;J)I ying the measgr ed vdgﬁﬁ%é}tgri C %%fo?rg%%@%*h@%%o?fﬂ Is, potesy the
t enper at-ur e-Pl‘g%leE'gﬂl%l tnddterminen mieadutedmpssoftitng rate af thediwd dhd 8 nidagueyg oduct

b f It t luid tg yield th d cal cul at ed
vorrecri o Ao e QovpBls ey el ediorcolrued singepmeownperdth iid

signal to débhsidinte MRsurd® nfaSIREL il €-varying density of the fluid
further conprises the s_teg of ., adj usting the reference density of the
¢i

flui d based on t e cicawptey being chavdcteriedityithelprocéinighsard HRaG! fufthed dfifigured
i nvention conprises, circuitry configured to communicate wth a Coriolis

flowmeter, the circuitry conprising: 5 21 February 2006 an interface neans

configuged to reeggl | i 3 i.olei,s £ 1. ter
respo%si ve to a f?ﬁ?lgtegde%ﬁgad;%ﬂgﬁ&?ﬁ{)ough {ﬁ%%F ?%ghesélf‘ﬁ%%mﬁﬂ?aﬁ'&ed
transfer theolgmekss flow sitgradsompare the dssticalgu BN IGABEC v thtd shd ﬁ@%&éfog.dt he
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fluid, calculat eprfibig! the el Sel VARG Eolg e gL e of the Tl uid
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based on the nmeasured nmass flow rate, e clrcui & ng characterized by
the processing ne@dewatbaiveduniedifiesmce bethiegn tackirst calculated volumetric flow rate and

15 the second calculated volumetric flow rate; and
adjust the measured volumetric flow rate based on the volume difference.
Preferably, the processing means is further configured to:

calculate a volume difference between the first calculated volumetric flow rate and

the second calculated volumetric flow rate; and
20 adjust a cost for an amount of the fluid based on the volume difference.
Preferably, the fluid comprises propane, ,
Preferably, the processing means is further configured to:

divide the measured mass flow rate by a reference density of the fluid to determine

the first calculated volumetric flow rate.
25 Preferably, the processing means is further configured to:
receive a temperature signal from the Coriolis flowmeter representing the

temperature of the fluid;

process the temperature signal to determine a temperature-varying density of the
fluid;

30 multiply the measured volumetric flow rate of the fluid and the temperature-varying
density to yield a product; and |



to: 10 calculate a second calcul ated volunetric flowrate of the fluid
based on the nmeasured volunetric flow rate, and conpare t e Febraary 2006

cal cul ated volunetric flow rate and the second calculated volumetric flow
rate to determine the purity of the fluid. Preferably, the processing neans
is further confdiyidedbe poductdiycartefirenca densitynasf the flfidne pizdd thetseasmid dalvaldied st
calculated volunetyic flowrate and 15 the second cal cul ated vol unetric

fl ow rate;voi'f‘fﬂe%jd?é\”%e measured volunetric flow rate based on the vol ume
difference. Prutfs fGESH ]E]..Iﬁ%I' deditb:ner configured to:
calculate a vol une %ﬁ?%ﬁfgﬁbet me%rﬁq?ﬂgﬁ?{]%st cgidéﬁ'l ated volunetric flow
rate and the siushthegaferancadenbityaifsieflvid basddow thetempesardread theifluidttoa cost
for a a ui.d_based aon the volunme difference. Preferably, the
fl ui drsco%%[ggep&rlgg%&n&ee&t& é‘?ﬂéﬁgﬁﬁf‘,"s‘ he processing neans is further
configured to: divide the neasured nmass flow rate by a reference density of
the fluid to determne the first calculated volunetric flowrate. 25
Preferably, the processing neans is further configured to: receive a
tenmperature signal fromthe Coriolis flowreter representing the

tenperature of the fluid; process the tenperature signal to determ ne a
tenperature-varying density of the fluid; 30 multiply the neasured
volumetric flowrate of the fluid and the tenperature-varying density to
yield a product; and 6 21 February 2006 divide the product by a reference
density of the fluid to yield the second cal culated volunetric flow rate.
Preferably, the processing neans is further configured to: adjust the
reference density of the fluid based on the tenperature of the fluid to



5 determ ne the tenperature-varying density. 7 21 February 2006 Descri ption
of the Draw ngs The above and other features of the inventaiofetrasary@e0s
understood fromreading the detailed description and the follow ng

drawings. FIG | illustrates a dual tube Coriolis floweter in the prior
art; 5 FIG 2 illustrates a si ngbRsaigifinddthb PRawidls Ol is flowreter the
prior art; FIG 3 is a block diagramiillustrating ter electronics

configured to coRftiRPQEaRd ofper fealrenef the inyventioverm herundarstoed dfrcampiadingfthe he
invention; &dtifledeksrigtiod] £AKkhIfRBWAE deabviikr ating circuitry configured to

communi cate with a Coriolis flowreter 1n"an exanple of the invention; 10
FIG 5 is a |ogi E'Gildiremated 4 dedl pdbeiGugiodis flovwess: it thededcemni ne a proportion

of a jority c ' g1yl d i xanpl e of the invention; FIG 6
is a fln?w di agr aﬁn@?{}g@%“r‘l&%%&%%‘?%E@s@%@%’&%e@%‘?e‘ﬂ &‘&Pf‘t"’F Ut afluid
cont ai ns m nor i tKIG 3ripabbovksliagram il hetatipg metf clcbeonityvenifipored th cémmbnicatea
flowdiagrqp_:‘\”!'l fr.atin process execyted by circuitry if a fluid 15
contai ns m nor?!tdé%ghﬁ%lg?@?ﬁ??mﬁngwngﬁg Tli’g‘%Ye“¥‘ﬂE' i nvention; and 8 21
February 2006 FIREG. 8 is & biock @tigearl ilagtraning ditouitty Sdrifiptiraie hRmudi@&O® S h kO
determ ne : ro?.pgﬂtion of a mjority conponent ina fluid in an exanple of

the inventi WORELer BB X pBple g tha igention; 3 show exanpl es of systens
that cam be useqiGosk i I imyention
S| Mg hILHRIRE o Yocess 5%&@%&2% @%F%nggn ofY

is not limted to the particular conponents shown an In FIGS.
1- 3, but r ZIHEY CREPSBEIRdn afluichin anrexamples thesingteritioned by the cl ai ns. Dual

Tube Coriolis F'FWTES%[ == JIES% WEIQ% glggwsa riQl L.s. f .er 51in
prior art. Corioli s *I omtdg (kzlg)nprl srlé% a 57 ??ds%g%]%cé%w%‘a%&ﬁg nmet er
el ect r oni csoE@ns Minaity ebaponen: insmRainpledaihenivestidn Cori ol i s

FIG. 7 is a flow diagram illustrating a process executed by circuitry if a fluid

15  contains minority components in an example of the invention; and

S0
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10 sensor 10 via |l eads 100. Meter electronics 20 is configured to provide
density, mass flow rate, volunetric flow rate, totalized rmsBedrlaw20edd

ot her information over path 26. Coriolis flowreter 5 is described although
it is apparent to those skilled in the art that the present invention

coul d be practiced in conjunction th an
fl gw t ubep to In@é@ugi B %PB{&&?QET@ ‘%‘\l{\g"@PW HXOtﬁgs%ggésg?exag&rpge %F Hgggﬁﬂaﬁﬂa

apparatus IS a A @RS bRIBTURE invektidh does not have the
addi ti onal "?’?é%“tﬁcg& s Qgé%ggﬁﬁjltﬁy pr owbded by a Coriolis mass flowneter.
Coriolis sensor. 10 includes a pai r Defailedddessgipionnect i ons 101 and 101",

mani fold 102, and flow tubes 103A.and 10 nd
pi ckof f 105" ar EIGSohAshewExmPies giS tﬁ%d?ﬂ °“85‘1%’3‘§“’ ]%P%}égiégg%gé%g and

106" serve.to defi | \ih @ Baiicub tefiparals shbowandidescribed

osci | | tesTth Rode 02%“1 'ngrﬁ?%rr\ﬁfc’ﬁgt lﬁl%o |1 gpprem at ep t hat, addi ti onal

pi ckof f s nyyFhes.newdedrdteritgpsoepea theevention i defined byéhq 98t i on i s not

limted to the conflguratlon in F as FIG | nerely shows an exanple of
it gli WA =—When Coriolis sensor 10 is inserted

into a pipelinegsys fibt &5 CaBolis@ovmeter5 chaprises a

bei ng neasur ed, F?(ﬁ f@? féﬂ%@%@&rﬁ?ﬂgﬁbé&gensor 10 t hrough proce

connect i on ch@iblis Jdi€ord lOJiudi jpaes electtdmicudfh Mater electoniop?0 weanRestes t?d-%réﬂl’rsect s

the fluid to enter flow tubes 3A and .103B. The |UI | ow
t ubes 1D03Asensdr 1OBR leasis loﬁamt?rrﬁ?‘f?trr?ﬁl?ﬁfz ‘%I“i‘gﬁur gvl?%lgge%f?%%oﬁbo

sensor 10 throu 3 1@%w, alid Gitet H@&ﬁmalx@ﬁévar’pitli@aBCanehs
sel ected afif® ap) B‘PB%P gf“fra%ﬁoun?eg% thg’ mani fold 30 102 so as to have
subst ant i algloynidie 558 BscFRs aﬁh@xghnbmtapparpnm rtoresskidlediim therarethatthe PEFSERY i ¢
nodul es about bendin g axes WWand, W - ect i vel

extend outmantidrycdul h@PFPétlﬁ%ﬂPfCSFHmEW Vit é‘ﬁ éggaé?ﬂ"f gﬁ"f@ggarbé%ét H?gs | on.

9 21 February 2006 Flow tu 1 (gpanb,gf, afainsas mﬁramﬁgmbase
opposi tion %%‘Bﬁﬁu T¢ paprricy ggﬁ‘g'gt %ééc%% ﬁﬁgﬁg%ggy Wand W. at what s

ter med; 4t he gfhdioefd wiich mbass@otmamtmgdamaal roéasutendnt oamabtisy PRVIdSd Bt 104
may conprise any one of many well known arrangenents, such as a nagnet
nmount ed t o Cokiolis mabefla@Bkteand an opposing coil nounted to flow tube

Coriolis sensor 10 includes a pair of process 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

'20 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
) ' limited to the configuration in FIG. 1 as FIG. | merely shows an example of a system to
ixnplement the invention.
When Coriolis sensor 10 is inserted into a pipeline system (not shown) which carries
25 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
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
30 102 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

outwardly from the manifold 102 in an essentially parallel fashion.




5 103B, through which an alternating current is passed for vibrating both
flow tubes 103A-103B. Meter electronics applies a drive sigRedruar 2006Vver
104 via lead 110. Driver 104 vibrates flow tubes 103A and 103B responsive

to the drive sig L Ric 5 and 105'  genepate pickoff .signal .
responsi ve to thg%r\%ttut})reallﬂaér&oagégoafcgpﬁ?% )f%%ergpgfrf 8@95?88%%5“1 ° ﬁH‘cirOSB.
Pi ckof f s 105es®6divk%hdih%&ﬁw ahd v DhCWRAths BhARRIIE dmb??hasé%eﬁiﬁﬁgtrﬁén}i CS
20 on leads | | 1 and 111', respectively. Pickoff signals from pickoffs 105

and 105" carfHe flesymseterdl Doivers! Q4emay egmipriseginy one bbuiany welldgmealvs arrangements,

respectivel ter el ectronics.20 r sses the left gnd right yelocity
Canals 1o FustifineshsRebls fEaPr e FOET Bl Pk T el iy

mass flow, a0sBtheu %‘ﬁ&wmmltehmnycuhemnaﬁ&dsagfarnmugdi% SRRk gipagnsor 10.
Meter electronics 20 applies the nass flow rate, volunetric flow rate,

totalized mh93AfI03R, Meter elentronies applies a grive)signal tradrien 106 vipdesd PB).
Tenperature sensg@r. 140. 4 s, connect t e th of .vibrating flow tubes
103A and 103B. é‘ﬁﬁreﬁ)é‘t‘ﬁPrea??gﬁ"s%r&%fﬁgoggﬁ‘é‘ﬁ%mﬁﬁp?'&%e‘?éﬁ%?%‘g%ﬁlg{l e fluid
f1 owi ng thrPigbifs {0PMd L05E SentPROpRREFFLDHAB resPBANOE & the Ra®BA$ASdeL 4P vibration
generates a tenperature signal. Tenperature sensor 140 transmts t he

t enper at ur eoSilem fubes §0hhaad Q3B Pickaffs 40D and @Y transmit te(pidkadT sighals & sieter| ed
in the,art understand tha riqlis, floweter 5 i uite.sim.lar_in
structife t%ie%%\??%razgt"ur‘rnl&a‘isdgg 43d 14T r BsrRey el Bkt ﬁ%“aﬁﬂﬁﬁmdéﬂ%qffso%i%ﬂs

al so utili zEORAcanidyeRireddo ba'R® @Hrr%ﬁbemwagﬁdm!rés&l:%. Metdr REeciBRRs 96
sanpl e-type densitoneters, the sanple-type densitoneters utilize a

vi brating tRipeessistthe lefvamdatght velogity sighals th. coviprterttiengass dlow 25, dehsidtriaioer s

al so enpl oy, ri,ve.systemfor., exciti. he.fl.ow tube to _vibrate. Vibrating
tube densi t%%é Ogalized Vyﬁl‘v‘%ﬁﬂvymiﬁ t?‘F%?QSI%ftﬁh%ﬂWSIP§3§‘%g’B%‘Eﬁ]€' é?"b‘ﬁ‘a?l segirdfse a
density nNevIgwr eleBRdniésCH Applies MRInfads R WRAS VORI c BbwirARHdeZ¥d nBiE Adw,
phase measurenent is not necessary. The descriptions of the present

i nvention adéhadensity inferpationyo pathvd6or at i ng tube densitometers. 30 A
ool S SO TSR it 1 et R B BB B RE R 1
.sensor 200 aadd 08B! FemPrREirt 06Hs65 1 APDdetdtl B 18hpGhAROLESe 2Rid Ao RIYRRIEH 10
flow tubes 103A and 103B. Temperature sensor 140 generates a temperature signal.
Temperature sensor 140 transmits the temperature signal to meter electronics 20 over iead
20 112.
Those skilled in the art understand that Coriolis flowmeter $ is quite similar in
_ 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 utiiize a vibrating tube within which fluid is held. Vibrating tube
25 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
measurement requires only the measurement of frequency, aﬁd a phase measurement is not
necessary. The descriptions of the present invention herein apply equally to vibrating tube
densitometers.

30 A Single Straight ’I‘ube'CorioIis Flowmeter - FIG. 2

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

comprises a Coriolis sensor 200 and meter electronics 20. Meter electronics 20 is connected

10



21 February 2006 to Coriolis sensor 200 via | eads 230. Meter electronics 20
Is configured to provide.density, mass flow rate, vol unetzgedrav208s €,
totalized mass flow, and other information over path 26. Flow tube 201
includes a left end portion designated 201L and a right end portion 5

desi gnat ed to @pRoliEsensor 2Hbvizderdadd0; Meterrriectionics 20 iscondiguresiie PFOYIRe dxrutyd

h ' I h he fl 25 .1 | fofl :
an out put oo Pk p eV Ty st 80 uBR B Pherpiprt b 4P A3 20

220 that i ggconnected at its ends to flow tube 201 by brace bar 221. Left
end portion 201 L is affixed to an inlet process connection 202. Right end
10 portion 201R Flewailid 3Hdneludesn ek ndtpostiercdesignaisd 20¢kiapd axtent end ppgion

rocess connecti.o nd._ ou t _process Cc L on : nfigured
F o connect %Eﬁﬂ‘%f"%&gﬁngg’?" ?gﬁﬁbga%&tﬁle ‘iﬁ qoﬁﬁ&{}%)iltsaﬁgéﬁilﬁ e%&l&'élc t&gpp@r%nom
convent i ongdnRRONAE flokrikteVE frafidn iapht@ind ofiflelkathbe 205t0 ANelitput’ drdhdf flow aleef f
205" are coupled to flow tube 201 and bal ance bar 220. Meter electronics 20

15 transni 281.aCdrioliesensorf) incudes & balduest o 229 that iscodn¢ajed atdpvendzes flowsi ve
to the drig@r |g:2yapt é}lriyéfr 204 vibrates flow tube 201 and bal ance bar
220 in pha eo%d _i,r?‘ifn Al he resonant frequency of the fluid-filled flow
tube 201. The 03GH dndipoftibrcf01Y) iBadA%to fah Qe pBEesd @dnnebAE O3, Ragtit@hd S
deflections in the flow tube 201 in a well known manner. The pickoffs 205

and 208' dposion 2HR iCeffixsdits anletlietqirboass comectiom?(yi Inlghipstesss cennpatids20hat
represent the 20 Coriolis deflegctions oyer nductors 211 and '

Tenper at ur @n‘gg'r‘fgeé PIOES ?@“S%Mﬁpeﬁmt%’nﬁgﬁﬁ ?%B‘gmfﬁlé. orﬁoéwgp%c{régoé ®R&nsor
240 det ecgﬁwﬁg@(ﬁoegm{;@gure of the fluid flowing through flow tube 201.

Tenperature sensor 240 ‘generates a tenperature signal. Tenperature sensor
240 transnits t feawetjaosncosvaitipnal maonerjedrver @0é.ca leBmidePR0D\and alreghd

212. 25 Meter Electronics - FIG F ...Sho er electroni.cs,20 in an
exanpl e of p‘lck‘égizﬁgé’ﬁ? F‘b‘f?ﬁeq'ﬁd_w ?L@é{ﬁ;ﬂ‘_ ’é,bafar?ﬁ%l\g?rrﬁﬁ)eg?t%? ggt.r%cs‘% shown
L0 opgsat ekl isfnaPRRP Coddlickdts 21 Pto drivdYRDB! RefioRisiveqd kS dditr sinal,
conprised of- Analog to gital (A/D) convertors 303 and 303",  processing

driver 204 vibrates flow tube 201 and balance bar 220 in phase opposition at the resonant
frequency of the fluid-filled flow tube 201. The oscillation of vibrating flow tube 201

induces 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
20 Coriolis deflections over conductors 211 and 211"
Temperature sensor 240 is connected to flow tube 201. Temperature sensor 240
- detects the tcmperafurc 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 20 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 dénsity, 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),

11



unit 301, Read Only Menory (ROV) 320, Random Access Menory (RAM 330,
Digital to 30 Analog (D/A) convertor 302, and anplifier 305 Fatktigfy 2006
electronics 20 is configured to provide density, mass flow rate,
volumetric flow rate, totalized mass flow, and other information over path
26. Path 26wbichrilew reétgnelbetranics 2iptotcoamurdcate withrapeitlery elestrogirsmich asp 21
February 2006 ich allow nmeter electronics 20 to conmunicate with

anci |l ary ef®et%dni cs, such as a conputer. In operation, A/ D convertors
303 and 303" recpi oRrdtidf, AAD toMRtiord 90 andel 03Cielyive t@ 18k Snd HEBIWEbEiOFifgald 05
and 105', respectively. A/D convertors 303 and 303" convert the left and 5
ri ght vel ocfrom psckyfial195@od AP teapectivglyal AYDicsaserors 0P ardt 23X icomy erniine 16 and

A/ D conyertors 303, and 303'. transm.t t digital. si t,0~pr.ocessi

it 308 oviee yaleriy SRS e iRER il Shbdioautlaer, WRRkRiE ARz
A'D conver t 813530303arRRf: RO AigifiBYighBs %o plodtstg XM IVRF patByISID sdHP. 1 8
Stereo 16-bit codec chip manufactured of Crystal Sem 1nc. One skilled in

the art wilAltpphebiwenes s¢patate nympomdnts, AGD qonvdctsrs 30hant H13 anayshens singlemay
be 10 connected.to oG, ' uni t .301. Progcessin ni 1 r.ecei Mes
Che tenper GeVES; YA AP ERn 51t tods B acited obbsmt Sgt B HOEe
1. Processigiliddnh the3RLwilP appriditle hitrapG 28MBEr oPiSETHYRM ot seHsOHPMEY be

processors that reads instructions froma storage nedia and executes the

i nst rub® i or®nhectgkiofpresessing uniB0bUrodessing uwih30 bilsé fegeives the tgnperatuge signal
preferred enbo[J?L rocessing unit 1] ADSP- 2185L 15 m croprocessor
manuf act ur éb &Eg# Eagﬁgw&’é@fgfﬁ@%%@ﬂ %ﬁ%a]perforrred include, but are -
not limted to, F5088sthE '&Eit@@?%sﬁhﬁ&\‘otﬁrbé‘&s%r, ﬁrofcééébtd or ERAB W pRte¥rs Rt i C
flowrate of a fluid, and conputing density of a fluifd. Processing unit

301 st ores redus ifsmctiomnfornra SREWEe SRAiacnd exeautss thh nstrudtiansdo pefformmtiROMIZRE
via path 321. Proceggsing.unit 301 stores.the data and the_jnstr | or
ber f or i ng HARIOPSPT BRUTAC: (1B APTs AT SBmsph Jraeape Yt 30bR AXPRRE Lo
and wrig e QRefoprdRBdr manFAVuePby kR Devickk: ThHe FeREShS Berfitried FuGE HRE AlecS
a digital driver signal and transmts the digital driver signal over path
312. . D/ A cowvhmited tg@8mpetes mess flow rdiegif adluidirdowgputing yolametnniflew vatetadge

from one OfaRd, 5 Compating dehsicy 07 a G PiBbdbsing tinit 307 ek 8 rudliloli€ it REM'

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. y

| 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 c;s. 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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I nstructions for nodifying the voltage received over path 340 to generate
an anal og drive 25 signal. D/ A convertor 302 is a common [C2AFelmnargr2006 such
as the AD7943 chip produced by Anal og Devices. D/A convertor 302 transnmits
t he anal og driver signal to anplifier 305 via path 391. Anplifier 305

anpl i fi e&hﬁé&%l%%hﬁek‘@l%ct%m&émo RN@nRuMEh¥Svi] SRR ary ARBdAiLLSucBR
transmits the analog drive signal to driver 104 via path 110. Anplifier 305

may be acompwteent anplifier or a voltage anplifier. 30 Majority Corrponen-t

Proportion Determ nati - FIG 4 G ,4 depicts a, specific e

i rou try i o GRS BironTlerad B b L e B e eI ChF Rt he

present khy %kd?&l()?ha%%%k}ésg@&de[} .0)3) 'E’Jr{ve}%}s'3@%8&%93%%v&?f%;1$§%9& uary

2006 which al [ow neter elec¢tronics 20 to conmmunicate W th anci

el ecbr oniiglst, vebuetl seghala to digialitignals hsubbpley ptoicessingAiril AN et corvedS 388d 303
receive the left and right velocity signals .  from pickoffs 105 and 105",
respect | nd 303 W@”&bﬁ\?é‘?&‘&ﬂ’ §1£39/3 t%ﬁﬁ)CS-ﬁ‘B“g Wbl pver paths 840 apdhd10's i ght

vel ocity, I I D

tﬁ*‘%@ honh S5 ooty SR Hord 0T RESY keIl ¢
301 overcdrathesr, sidh 084 B8 Steredl 1T6ttﬁug&desr¢ﬁwmamfsapaﬂa;&‘€r9@ﬂmmﬁﬂh@ OR¢D
convertors 303 and 303" may be a single convertor, such a CS4218 Stereo

16- bi t cddiéad I@th)arﬁﬁ*mldmmm@dh@ifanwmbsr oBpigkofifnand ather seasars may ben t he art

I app[ at_any n ckof f nd ot her ensors ma
conhlet s b soBlssRt i o0g0 PRocs G0N TP Hfte Pectes BROGMPBRIT 8 ehhe
t enper at §5@ tehfftature hSEP L4ONRRF Rhang2sensor 140 over |ead 112. Processing
unit 301 is a mcro-processor, processor, or group of processors that

reads i nstr uckrioogssingron 3019% e mEge- medctsaoxapd)cessecwtregsouphzfprmetssms:thams to
performthe various .functions of fln%wrreter In a.preferred enbodj nent,

pr ocessi HESURTHUCEERS framp Yefaee piedin anflexgralpsihe RUEtons g MGHQETR M iRy
Anal 0g DgMiGsRS - offﬁh@nfe:w. 'm?rg%hfe@%m%edfmk geesFiH%eﬁ t@O] mbmﬂ bpdjto,

conputing nass flow rate of uid, conputi tric owrateo a
flulsl, angrapogesidrmunaénsireybynaldgl ]Desdcestheé’escttmgs penﬂbm%ilmslhdf dait adee
functl ons | n 320 and reads the functions from ROM 320 via path 321.
Processi™ lifited tggpmpulpg ass, How rate of a fluid, computing volumetnc flow rate of a

fluid, and computing density of a fluid. Processing 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 Conolis

flowmeter in accord with the present invention. Those skilled in the art will appreciate
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data and the instructions for performng the various functions in RAM 330.
Processor 301 20 perforns read and wite operations in RAM B&tuxiya0pét h
331. Processing unit 301 generates a digital driver signal and transmts
the digital driver si gnal over path 312. DA convertor 302 receives the

di gi tal drlver volta fromaon offs 05, and 105" via
path 340 MO G BAPRORP GRS R thel d epps (B RSP ae Ry hg  t he

vol tage r@geee Gfe@Uethe RALWIBAL 4 r&*?ﬂ@it%&%aﬁ@u@f%ﬁ!u?& REditRd Dalow 8l he D A
convertor 302 is a comon D/ A convertor such as the AD7/943 chip produced

by Anal ogomémetdes:thmwrcmbvmmenrs t8@@rm naxﬂrspiewsnnmmlsaxfmamgvdmonerﬂmsgnaI to
lifier 305 anplifies fhe. a ggude of the

anplifier V|a 391. Anp
anal og drSFaggé’i‘ ﬂﬂFRTF‘r'%‘F th%ésmﬁﬁaﬁ%qﬁtpgawee%af 6% drhiaye besynal to

drivey 1QfnLVh dpcﬁ—tJ?n 10 £ dfier 305 may be a current anplifier or a
vol t age arrp?lit?el étglhj or|t Conmponent Proportion Determnation - FIG 4

FIG 4 depict SFIG. $|iidm§|tlfata§ cirsainny| 402G co‘mrrﬁmctalnysn|vnt}ca)(ml:lﬂlhstﬂ:bwmﬁtw40hir&
Coriolis flowneter in accord with the present invention. Those skilled in
the art whIErampisaf dhengentsom TheagiroytinA @omm%aéarv@rqr&ﬁr B1§ang 4 ghandhi s

exanpl e tarb%cegﬁ g eagseEPitFl t%r%élsggtpn 4 reca\n{gg&}o%nof chlose skil | ed

in the art SO appreci a hat varl gat'ures descri ed bel ow coul d

be conbiFi@emefet hn:):o&(hﬂa be IR BRNinsitddxof ﬂéﬁh‘l&drtﬂ iRl BGY abt Abivaiserafs ihhe
invention. Those skilled in the art will appreci ate that some conventi onal

aspdéts &ICH.G 4 have been 5 sinplified or omtted for clarity. FIG 4
illustrates circuit is, fl owmmeter 404 in

tl
an exanpl e of [} RE rf"ﬁn‘é'éﬁ?teglﬁce "i‘ﬁ@sc‘ﬁ#%g‘?ef%; pﬁf f ?gﬁcag?’rﬁﬁ ulP SRS o f ace

means 414; 5@34&3—%%’%@% B40HER - OB RS g‘@&v hﬁﬂlgl Wided £04.
receive agfal ow of fluid ' Fl ovvrrgEfoé.Ir4 46(21HCOU| d ben butédlsts t‘fg)l rﬁgt gél t o,

f | owret eThs flund EinGprisles améjbmmmhmpnaﬁ |Imteﬂfﬁcd:rh@msz414ltmnsﬁmrtbe porkoffi nt er f ace
nal s 432 and a .tenperature i gnal 434 from

means 414 r i ckof f si
f | ownret e?‘gﬂéﬁ%% ﬁge ‘G'QPFTG“’{%@&P%“! ¢ tBé’F‘PF@“f'P%ﬂE&“% ?1¥20LF§‘H°95P‘8W3€F 4484,
Tlhe LY u' pec@ﬁ@?fhe%?&o@r HBhAS 43Y 2 PR N ratut DLiER1123. PRARSsiA g'éleaﬂsaﬁ@f ers the
PLe processes the pickoft signals 432 and the temperature signal 434 to determine a proportion
of the majority component relative to the fluid.
In one example, the operation of circuitry 402 could be performed by processing
means 412 executing proportion software 424. Processing means 412 retneves 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 flutd being flowed through the Coriolis flowmeter wherein the
fluid comprises a majonty 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 firnware. 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



signals 432 and the tenperature signal 434 to processing nmeans 412.
Processing neans 412 15 receives the pickoff signals 432 apmdréthgary 2006
tenperature signal 434. Processing neans 412 processes the pick&?f signal s
432 and the tenperature signal 434 to determine a proportion of the

mej ority conponent relative to the fluid. In one exanple, the operation of
ci rcui t eiycuite Blngk dkibled piethiecirhard fypilior wetbditrigtions areressprs, and sieragsg
proportlon sof tware 424. Processing neans 412 retrieves and 20 executes'the
propor t m§h2sof t war e 424 from storage nedia 422 to performthe above

descri bogluaReh At bQRatd PRIMRRRKIdN ANGSokignare 424 is configured to direct
the processing neans 412 to I) receive pickoff signals and a tenperature

si gnal from FIK&. Gt deplistspedifiowmenples pébgmméytcvcmhmaupdmbmnn@nbh@«Aéd

t hr pugh e Cotiolis flowre erein the . d co |se rity
ngone%{:on%lﬁﬁjﬁ%mﬁ%ﬁ’eﬁof ‘é“th‘té] HF?“’“%I’E{I‘T%’F%“ a 'EPSFH g"ﬁ‘g'}‘r‘ﬁ’é'r‘ﬁ{] re signal

(o det Sl EnhERAY LARNIORS AP HIREORIY HECHPABEMpaH A theScbBe b | Ul d.

Proporti twar e es program code and firmare exanpl es
of st Qhagmoma dhaseldallal @ theamnyilldéss sppeeciatathat vaticnk featines decaibedibelbneui t s,
and servers. The  proportion software 424 is operatlonal mhen execut ed by

t he prd&@&bm@mma%wnhzth% egbodiments eopp aeéggiew@n%%mso fithe Byentate in
accord ﬂosﬂéﬁlhsd Innt\ﬁgg}tlxﬂ a@épe%fa%fs g}%f—?o%ﬁé‘@m{@ﬁ‘% eoR JrHI8555 8%, Si ngl e

processing device or er-opérational processi ng devices. Sone

examplq&eﬁhngﬂgﬁaiﬁbﬁgnafﬁm&kﬁﬁg are conputers, |ntegrated circuits, and
logic 14 21 February 2006 circuitry. Those skilled in the art are famllar

wi t h i nst r udtiCoAstlusyatss @dggucsiraaml depigtinge pranes 200 axsruted by icrewtoiORat e

Det enni.nati on 5- 8 depi ct exa ic used
by ol a0 RS e @b SR iRV articr ot in xBmae oo st p rid BB iR HrobPu i
the pr efRitheteP¥RINITOdeterhhias ﬁ}é&bkym@n 'oPaH'h‘]’»‘orﬁSﬂconbhent@lﬁ)ﬁrﬁ% afreuiflyMer ous
variations fromthis exanple that do not depart fromthe scope of fhe

i nvent i493.deEnnges sKirdtvetbmetricHovarate swd 4 seabmcbwalppreem i rathand vampangs

feature escri be eIomz coul.d be, conbi wi th other _enmbodi nents to form
ﬁ the aawatf? 0 e}mws t#l%bé?ﬁf'fﬂaﬁlem Tﬁ%‘géatgwmug@’ 7 PRessses i 1 |

appr eC' ;ﬁél{%fftﬁﬁalssﬁﬁo%&\‘ﬁmé 2nals ASPERE 3 B &R step o Na¥fcuitry 402

then divides the mass flow rate by a reference density of the majority component to yield the
first volumetric flow rate in step 503. The first volumetric flow rate can be represented by

the following equation {1]:

20 V, = ™ N - meters’ / hour (1]
/Oref

where m represents the mass flow rate and P, represents the reference density.

The density of fluids varies based on temperature and pressure. Fluids, by nature,
are relatively incompressible matertals. 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 fora particﬁ!ar majorily 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



10 been sinplified or oni
di agram depi ct i romtted for clarity. FIG 5 i .
. the invent?oﬁ Iggratﬁrocess 500 execut ed by CirCUi;L;uZB;ates aloge
flowneter 404. To det ;fm?ﬁgnPLe, assume that a fluidis fl?\/\nﬁﬂgn?'ﬂmwlhe of
fluid, circuitr the proportion of a nmajori roug
, Cl y 402 determn i - maj ority conponent |
volunetric flow rate a es a first volunetri 'na
: nd co . c flowrate and
\églt gmﬂgwa‘térmm riasep S0pr &iﬁ[{‘ﬁﬁgﬁefi@t%s{t ggteeir{;fe?l\é’s ? ﬁetnﬂ&tr atiﬁm-d&!V@@rﬁqagt;,tawze? IOPS .
i e a mass _f roce s e ic .
?I vi desteptid7mrdbs f@lb%&%@%ﬁﬁ)&\ [gl]]r?ig}dsuhdtdnfpesﬁtelp —smgx e%E'BYflrsnilc)g fﬁg to
ovyield the fi . erence densit A n
flowrate cafl 'if—é%ﬁ@b@ﬁ?gg-' @-ydd‘f{f L?t.zla?mﬂ*gt .ggfg_/trﬁﬁge??{ oriby component
meters' / hour Pef where i e follow ng equatio : rre
r e |l n represent n(l]ZOV:mN_
Fepr el e by sammecmirisn o SIS GP TR G oo
. ressure. i ui ds vari
material s. |(DirojitmAomﬁgglfe!;l{bﬁgﬁamed‘@guﬁﬁmc féwe rﬁtebaﬁﬁ\q,@merak,'é%_s based on
r2nm mal conpared to a c?h P&fﬁ.{ﬂlgﬁge I'n density based O_B &%e§§ ?”E;SSI bl e
5 st anduyi@ 1d'a ¢ 509 yCirasty 46A ¢ i Fbi the
P reSﬁF@%’é’JPg“? S gssurred f%’? Thi s exgmrrm i *leﬁrﬂ%‘ 8 UFE " Therefore, a
to qirEnce Y& rF@Vidie thgsmondvelinieyic fayy e Asqenshlyeasadsus
mper Al e Ao T e : WY AFIUPEE A ref
fg{te' Cgb@m]ﬂmi@mmyatc&%%gg%gﬁ%ﬂri%ﬁﬁ%@?}‘ﬁ A .“tﬁuma[aq:' t hen 22?22? ed for a
, circuitry 402 processes'th - e second vol unetric fl
nmeasur ed vol unetri e pickoff signals 432 ; ow
2006 f1 ownet &f 48/L;nc-fquw—"i— Aok fbut d T1ow ng o ouoh 35 o DR
t enper at ur e- var yi ebslled> oob 05. cuirtry 402 then det er ni n > 24-February
t528 tenperature -vgryi ngleg)én!sintyStglto 507. The foll ow ng equgfi gn [2] yield
t enper at i ere T represents a teppe ' 2 - 1.3661T+
o it v e e S5 e B RS
metric
temperature-varying density, and 2,r represents the reference density.
If the first volumetric flow rate (V,) equals the second volumetric flow rate (¥,), then

s substantially pure. In other words, the fluid is comprised entirely of the majority

the fluid t
ot equal the second volumetric flow

nt. 1f the first volumetric flow rate (V,) does n

compone
n addition to the majority

15 rate (V,), then the fluid contains minority components 1

component.

FIG. 6 shows a flow diagram depicting a proce
f the invention. Circuitry 402 divides

metric flow tate (V3) to yield a volume

ss 600 executed By circuitry 402 if the

fluid contains minority components in an example 0

st volumetric flow rate (V) by the second volu

the fir.
resents the proportion of the majority

20 difterence in step 601 The volumne difference rep

ponent relative t0 the entire fluid. Circuitry 402 then adjusts the measured volumetric

com
flow rate of the entire fiuid based on the proportion 0
2 multiplies t
yield an actual density of the fluid in step

f the majority component. To adjust

the measured volumetric flow rate, circuitry 40 he volume difference by the

reference density of the majornty component to

ted volumetric flow rate of the majority

25 603. Circuitry 402 then determines the adjus

component based on the actual density in stép 605. The customer is then billed for the

majority component based on the adjusted volumetric flow rate.
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5 varying density to yield a product in step 509. Grcuitry 402 then
divides the product by the reference density to yield thexspasagry 2006
volunetric flowrate in step 511. The second volunetric flowrate is
represented by the follow ng equation [3]: Ptenp N -neter3 / hour [3] V2 =
Veasur ed Pref 18Gheshowstew diasrae gepishng & prasessniifsueewted by gisetitty 02 ibthe

rate, Plenp . rat.ure-varyi ng densit d pre . . .
Fapresents CRE BRI ity PRt AR X nfiet? T I etom, Wl i siviss
equal s the dedisdohahueRifTdveratd M) bRk sed6hd, volliaerrictilvty fakdif1d) loSyield a volume
substantially pure, In other words, the fluid is conprised entirely of the
maj ority cofiifrase in step 70k Whestanagouncet the fluides delivered 1 3 cuitememeorcudtiyal

t he secgnd X £1.0 flui d cont.ains mnori
c_orrponegt s %“? aggl{{l%ﬁ O%to&cttﬂée%rrg}lré%%%%f %’B(}?rg’%#_enqﬂ t_helgpem%élgfﬁ?ﬁ%egl Trb_%\gl
di agr am depi ot i NEICh gillasenes HikiaguhRIRYing kS B0BERcled by irciy 4by
contains mpnority conponents in an exanple of the invention. Crcuitry 402

di vi des t hi® 3fiexamplefitheinveatign. okiprithis exgmply, #spumisshat edtnidisvlnwing through | ow
te (V2) t@.Wi ] in st.ep 601 The .volume . .

(rj?f fe e§ enz:e &%\?#gdgg‘r‘\ s’v?#ég%ﬁglg%% élﬁfj g‘?ﬁﬁ I?:ggr@?‘gﬁ'fytc)?mp(%ﬁ@dﬁgr{#‘ﬁé’frﬁPﬁtVe to

the entire 4azme¢nnﬁdscauhedswreﬂaﬁnﬁi@emaﬂdeu@mrﬁrb&a@ﬁ%suérgﬁyxﬁa BoRpdrkEthel | OW

rate of the entire fluid based on the proportion of the nmajority conponent.
To adj &t deRdtipseakufled. sipmuitnet92 proresses thapickoffisignals 432 taaietemmine phassiredhe

| di ff . ref ' f th jorit . t
Vel an acina Y eblfin ST RN o8 procdfost B emiphaf Hahal o
det er ni nes deteemaejatetrp@ratste WaBfifig dexfsltjg‘g/sih%%uﬂfont[b?iﬁ%;%@i VIf 0PN RRE

based on the actual density in step 605. The customer i's then billed for
the mmj or i9ePsiESapslsdhe tempseaursrivarying deljsityi then thel fluidis substahtally mire. If1Be 21

yeorp
Rt S T NS S i
of thels nvetihdréty cofipoerts iy addiortiothé Rfjority bh@pbhéret vol unetric flow rate
(V') by the second volunetric flowrate (V2) to yield a vol une
if the fluid contains minority components, then circuitry 402 divides the measured
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 anentire fluid flowing through flowmeter 404. For the first example, assume that:
m = 5000 kg/h
T'=25 degrees Celsius

vV = 10.146 m*/h

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

30 the temperature of the fluid flowing through flowmeter 404, and ¥,

measured

represents the

volumetric flow rate of the fluid measured by the flowmeter 404. Also assume that the

17



difference in step 701. When an anount of the fluid is delivered to a
custoner, circuitry 5 402 adjusts the cost of the anount of1 Fasublywiodebased
on the volune difference in step 703. FIG 8 illustrates a | ogic diagram
depicting a process 800 executed by circuitry 402 in an exanple of the

i nvention. bsi hatsiag fehattbn [ 1,fdirewitiygioR hietunyiines a

fl owret er rﬁ'g%"&rgé‘?é‘?)é’?ﬁ;%n‘%“?ﬁi%g%ﬁ&r ?F%ngoP a ma[jﬂg)ri tyﬂg’g‘rrponent in a
fluid, cirfirsdolynetdi@Zioshetade.m nes a nmeasured density and a

t enperature-varying density and conpares the 10 densities. To start, .
circuitry 402 procesges DROOp W@SIQF | s 432 to deternine a neasured
density of the nlﬁig_lr_r 6P BIC- U ry 402 then processes the
tenperature signal 2%4 to "determi ne a tenperature-varying density using
equation [2) in step 803. If the nmeasured density equals the

t t - [ lty, t the fluid j il d: . If th
meatur oo AA tapatie el P s A R PRE Bk DU on e
measur ed 4SS 424885 Aeraife-Varyyng densi o

comporiont . 11 URerd 7T 0 OD00RET RS ONCHT | Dy e Re & “TRIZBIE/AY, ) 402

di vides the neasured density by the tenperature-varying density to yield a
density ditfsigs &p@gon [3]stiepuilPB02 ddirminks a yeod0@ volumettielowdpiest t he
volunetric flowrate of the najority conponent based on the density
di fference as described i G 6 usi49p8he density, difference instead of
the 20 vol ume ¥f&erence, E)é@c—"uiﬂ-ﬂﬁﬁtrgﬁ—cwf?eg?ealgm%g ust the cost of the
amount of the fluid based Zen the den y difference as described in FIG 7
using the density difference instead of the volune difference. Majority
Conmponent Proportion Determ nati on Exanpl e Using Propane The follow ng are
two exanpl es ofBedenswrequations [ hendi3dpieid thorsamie rpsudt thecflyid ixgompsised almesta
entire fluid flow ng through flo te .804. For the first exanple, assune
that: m :CBBW%@WPW-%O%@%P’@E@Q&?@P S PHERIORES = 10. 146 m/h where m
represents the férﬁp f Jid neasured by flowreter 404, T
represents - 30 @E?ﬁ%&%gturég’oﬁs%ﬁfaﬁui d flow ng through flowreter 404,
and Vireasur ed mepr®9oikidh t he volunetric flow rate of the fluid neasured by
the flowneter 404. Al so assupe that the 17

7= 25 degrees Celsius

v

measured

=10.25m’h
where m represents the mass flow rate of the fluid measured by flowmeter 404, 7 represents
15  the temperature of the fluid flowing through flowmeter 404, and V. nsurea TEPTESENLS the
_volumetric flow rate of the fluid measured by the flowmeter 404. Also assumne that the
reference density of propane is 509 kg/m’. Using equation [1], circuitry 402 determines a

first volumetric flow rate.

o300 g eyNm
P 509

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

Pumy = ~0.000047° ~ 000472 - 136617 + 530.1 = 492.8kg/ m’

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

18



21 February 2006 reference density of propane is 509 kg/mB. Using equation
[ 1 ], circuitry 402 determnes a first volunetric flow ratEebroay@D06509
9.823NmB /h Pref Using equation [2], circuitry 402 determ nes a
tenperature-varying density. 5 PtenP = -0.00004T3 - 0.004T2 - 1.3661T+
530.1 = 492.8 kg/ nB Using eqmatjon [3]492i& cuitry 402 determ nes a second
vol unetric flow rath. = &egu,ﬁl'e?f&pés 11({)25 2.%924@.185? N8 / h 509 Pf
Because equations [I] and [3] A&eld the (g%e result, the fluid is conprised
alnmost entirely of propane. In other words, the fluid is pure propane. 10
For the second exanple, assume that: m = 5000 kg/h T 25 degrees Celsius V
nmeasured = - 10.25 nB/h where mrepresents the mass flowrate of the fluid
nmeasured by flowreter 404, T represents 15 the tenperature of the fluid
flowi ng through fl oweter 404, and Vneasured represents the volunetric
flowrate of the fluid nmeasured by the fl oweter 404. Al so assune that the
reference density of propane is 509 kg/nB8. Using equation [ 1 ], circuitry
402 determines a first volunetric flowrate. m_ 5000 V 509 9.823Nn8 / h
Pref 20 Using equation [2], circuitry 402 determ nes a tenperature-varying
density. P,enp = -0.00004T3 - 0.004T2 - 1.3661T+ 530.1 = 492.8kg / nB

Usi ng equation [3], circuitry 402 determ nes a second volunetric flow rate.
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18 21 February 2006 V2 = 1 neasured Et.!--P = 10.25 492.8 = 9.924Nm / h
509 Prej 18/1 21 February 2006 Equations [I] and [3] Yyi el d2arFgbliagroob

. result. Therefore, circuitry 402 determnes that the difference may be due
inmpurities in the fluid in addition to the propane. In other words, the

fluid i t QUi §: h . cul at t.ual
volunet ri o lafioRt QTARE 13 19iE R diftbutOres R TR Rttt BRI | i o
usi ng t hkatphodERsenkd hayrberdua infpurilifs &khEﬁbrdwa\adaQﬁﬁoW@{)mEﬁn&|laidirﬁé# is: 1.

A met hod of ogeraILng circuitry (402) in comunication wth a Coriolis
f 1 ownet e¥orgsidlay fluidra neteRurs @rensipr Caichigryt49@ can dipan esfculate ar invtivalgyodinmkipicf

[ I h iolis flown ' flyid bei
71 ouea PTP0e R el Bod BB sbTEANG need FreBemvdliolnglar€ [0

determ ne a neasured nass flowrate of the fluid and a neasured volunetric
flowrate of the fluid; and calculating a first cal culated volunetric flow
rate of the fluid based on the neasured mass flow rate; 10 the nethod
bei ng characterized by the steps of calculating a second cal cul at ed
volunetric flowrate of the fluid based on the neasured volunetric flow
rate; and conparing the first calculated volunetric flow rate and the
second cal culated volunetric flowrate to determne the purity of the
fluid. 15
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2. The nethod of claiml farther conprising the steps of: calculating a
vol ume difference between the first cal cul ated volunetric 2{ fabmatye2tasd
t he second cal cul ated volunetric flow rate; and adjusting the neasured
volumetric flow rate based on the volune difference. 20 3. The nethod of
claiml further conprising the steps of calculating a volune difference
bet ween t he'Vfipt telapedds:at ed vol umetric flow rate and the second

cal cul ated vol unet | rate: and.ad] Lng a cost_ for an anmount of the
fluid based on {Iﬁe’{\%‘ﬁ%&‘g&d’ﬁ’%&ﬁ%ﬁl{@ﬁ%@@s DEnTHER SN aFities Eenelis wher ei n

the fluid clommdtaedopy tRanehod cortpEsifPihl Qfkp0pr:Cl ai m | wherein the step of

calculating a first calculated volunetric flowrate of the fluid based on
the neasured mas¥eeviRgPicket signnls (432) fomptie Sesiotinowi@tes respordive todi fiidi Ng

t he nmeasur @gnmeﬁlmu?@{q%g%y%égﬁ%%pe density of the fluid to

determine the first cafcu u Pc flowrate. 20 21 February 2006

6. The nmet hod opracessing the phvkofil sipriabao de@niak 2 GRdaGitbdhd - i
cal cul at ed c?/ol umet‘[eé c flowrate of the flui 3 based yﬁ%@%@gggﬁlgé‘mw

vol unet ri ¢ 244 dipepdired yelpmgiic flowprase pEibe fluids ard eps of receiving a
tenperature si loll.s,fl o r {404) representin 5
th(rarp terrperaturgegkultﬁﬁ%ﬁ%F%JSFgf;m:,%)lrgfggggfsﬁ"he&l%ﬂ%wfﬁtg’ﬁtffﬁ‘gb%s%ﬁ theyrgeasure

det er ni ne Wasssfi@erateiur e- varyi ng density of the fluid; nultiplying the

measur volumegric flpw.rate of the fluid and the tenperature- varying
densi t@pto yi el%‘eénedg’ B¢ chageptermyed ibyitky siepstofie product by a reference

density of the flui dediuniRsecbfd S8E9A: ¢4 C‘ét'n%tfﬁ)%raYeoé{JtEE udcbafsl: é}/\]/nrh%te.

measured volumetric flow rate; and

comparing the first calculated volumetric flow rare and the second calculated
volumetric flow rate to determine the purity of the fluid.

15
2. The method of claim 1 further comprising the steps of:

caleulating a volume difference between the first caleulated volumetric flow rate and
the second calculated volumetric flow rate; and

adjusting the measured volumetric flow rate based on the volume difference.
20 |

3. The method of claim | further comprising the steps of:

calculating a volume difference between the first calenlated volumetric flow rate and
the second caleulated volumetric flow rate; and

adjusting a cost for an amount of the fluid based on the volume difference.
4. The method of claim 1 wherein the fluid comprises propane.

5. The method of claim 1 wherein the step of calculating a first calculated

volumetric flow rate of the fluid based on the measured mass flow rate further comprises the
30  stepof:

dividing the measured mass flow rate by a reference density of the fluid to determine
the first calculated volumetric flow rate,

20



7. The nethod of claim6 wherein the step of processing the tenperature
signal (434) to determine the tenperature-varying density2pfFebianfionsd
further conprises the step 15 of adjusting the reference density of the
fluid based on the tenperature of the fluid. 8 G rcuitry (402) configured
to comunicate with a Coriolis flowreter (404), the <circuitry conprising:
20 an i nt er f ace 6nddinmethptAof claim(li wherein thostep ebtal@ilgtingkodebord @Nallsed 432)

fromthe Lalis owreter yesponsive to a fluid being flowed through the
Coriolis flggj\g\l/rhr% ecrﬂ%‘lr’laat? 81‘&“?;&'@‘?3@? Pﬂg“edpﬁ%w V§4”&Ff‘é‘l”sﬁ°‘é{fﬂﬁed°é€b@i ng neans
(412) confcgupeds tie stqeeifve the pickoff signals, process the pickoff

signals to determ ne a neasured nass flow rate of the fluid and a neasured

25 vol unetric fISHVIngadtcwmpenahie signald434)d am thet Gorivlit iffostmeae (@04 plepebsenting

vol umetsr i capbly Af .fluid based on the neasured mass fl ow rate,
the ci rcuitryaig%‘frng c‘ﬁfaﬂrl%@?’gri zed by the processing nmeans being further

configured to: patesingitie @nperand sizahiay!delad \4%'tblﬁ§ér ey e
fluid bascejﬁl .@n the nmeasured 30 voi;ggnet ric fllnow ra e,ﬁwgeng&gty)ﬁr%)%?@t’%fe&’?i r st
cal cul at ed"¥8i umetric flow rate and the second cal cul ated volunetric flow

rate to determpgg i he fluid 21 21 February 2006 9. The
circuitry (402) ofdp@:%%%)ﬁ%gg %ﬁ%&%&% ‘?SICpﬂ%‘Eé%%Pﬁﬁ‘eﬁﬁ%ﬁ%ﬂ%@ﬁﬁmwawrt her
conf i gur edvaryng densityltayieldea pdusreasti f f erence between the first cal cul ated

id the second cal cul ated volunetric flowrate; and 5

vol unggric fl O\éyﬂr.gt e gnd J

adj ust "t he neasty'eRe/8s Broducthy 1efrencadensitysd dheofuid e yietd thesectintifoatcalaee
10. The civowhdtfi¥ Ao#O49 of claim 8 wherein the processing neans (412) is
further configured to: calculate a volune difference between the first

cal cul ated volunetric flow rate and
7. The method of claim 6 wherein the step of processing the temperature signal
(434) to determine the temperature-varying density of the fluid further comprises the step
15 of

adjusting the reference density of the fluid based on the temperature of the fluid.

8. Circuitry (402) configured to communicate with a Coriolis flowmeter (404), the

circuitry comprising:
| 20 an interface means (414) configured to receive pickoff signals (432) from the

Coriolis flowmeter responsive to a fluid being flowed through the Coriolis flowmeter and to
transfer the pickoff signals,

a processing means (412) configured to receive the pickoff signals, process the
pickoff signals to determine a measured mass flow rate of the fluid and a measured

25 volumetric flow rate of the fluid, calculate a first calculated volumetric flow vate of the fluid

based on the measured mass flow rate,

the circuitry being characterized by the processing means being further configured
to:

calculate a second calculated volumetric flow rate of the fluid based on the measured
30 volumetric flow rate, and

compare the first calculated volumetric flow rate.and the second calculated
volumetric ﬂo_w rate to determine the purity of the fluid.
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10 the second cal cul ated volunetric flow rate; and adjust a cost for an
anount of the fluid based on the volune difference. 11. Thg1 cepeihta006(402)
of claim8 wherein the fluid conprises propane. 15 12. The circuitry (402)
of claim8 wherein the processing neans (412) is further configured to:
divide the nmeasured nass flow rate by a reference density of the fluid to
determine the Pi 3¢ CEaEn(402 of vielm Botherdin tHe@rodeality maGhs@) 250 Guriieh CUI Ty
(402) of c&@jﬁgbfedvyggrei n the processing nmeans (412) 1s further configured
to: receive a tenperature signal (434) fromthe Coriolis floweter (404)
representing téuculsepedhiny dEffefentd | b t enper.at ure si gnal
(434) to deterni Ee a terrperatur.e-vaﬁ%éﬂﬁgr@#?@ﬁgﬁw&g@%@? hﬂ?"’cf?‘erﬂ!t‘ﬂti ply
t he nmeasur 88 ¢8Pd seleilated molimetde Bowfratehandt | ui d and t he t enper at ur e- varyi ng
density to yi el ; divide the prqduct by a reference density
of the fluid toﬁg}iﬁé% Hti%geﬁrgcel?gﬁl ey ﬂﬁmﬁ%fﬁ’gseﬁdaﬂ&%wlu@eﬁummm e. 30 14.
The circuitry (402) of claim 13 wherein the processing neans (412) is

- adjust the reference density of the fluid based on

further confi 94’ ﬂFto.
the tenperat ur e of FREPIKIEIDOE claimdr whereinttheproessping ateinea1a) 16 Mgngdensi t y.
22 configured to:

calculate a2 volume difference between the first calculated volumetric flow rate and
10 the second calculated volumetric flow rate; and

adjust a cost for an amount of the fluid based on the volume difference.

11. The circuitry (402) of claim 8 wherein the fluid comprises propane.

15 12. The circuitry (402) of claim 8 wherein the processing means (412) is further
configured to:
divide the measured mass flow rate by a reference density of the fluid to determine
the first calculated volumetric flow rate,
20 13.

The circuitry (402) of claim 8 whergin the processing means (412) is further
configured to:

receive a temperature signal (434} from the Coriolis flowmeter (404) representing
the temperature of the fluid:

process the temperature signal (434) to determine a temperature-varying density of
25  the fluid; |

multiply the measured volumetric flow rate of the fluid and the temperature

| . -varying
density to yield a product; and

divide the product by a reference density of the fluid to yield the second calculated
volumetric flow rate.

30

14. The circuitry (402) of claim 13 wherein the processing means (412) is further
configured to:

adjust the reference density of the finid based on the temperature of ﬁc fluid to
determine the temperature-varying density.
22




