METHOD AND APPARATUS FOR DETERM NI NG A FLOW RATE ERROR | N A VI BRATI NG FLOW
METER TECHNI CAL FI ELD The present invention relates to vibrating flow
neters, awg2wmwssparticularly, to a nmethod and appar at ugcfrars2eetoessn ni ng
flowrate errors in a vibrating flow nmeter. BACKGROUND OF THE | NVENTI ON
Vibrating flow neters, such as for exanple, vibrating densitoneters and
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nmeter. Exenplary Coriolis flow neters are disclosed in U S. Patent

4,109, 53FCHNR.APaHIEDD 4, 491, 025, and Re. 31,450 all to J.E. Smth et al.
These flow neters have one or nore conduits of straight or curved
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of fset, which can be corrected. As material begins to flow through the flow
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Material flows into the flow meter from a connected pipeline on the inlet side of
the flow meter, is directed through the conduit(s), and exits the flow meter through the
outlet side of the flow meter. The natural vibration modes of the vibrating, material

20  filled system are defined in part by the combined mass of the conduits and the material
flowing within the conduits.

When there is no flow through the flow meter, a driving force applied to the
conduit(s) causes all points along the conduit(s) to oscillate with identical phase or small
initial fixed phase offset, which can be corrected. As material begins to flow through

25  the flow meter, Coriolis forces cause each point along the conduit(s) to have a different
phase. For example, the phase at the inlet end of the flow meter lags the phase at the
centralized driver position, while the phase at the outlet leads the phase at the
centralized driver position. Pick-off sensors on the conduit(s) produce sinusoidal
signals representative of the motion of the conduit(s). Signals output from the pick-off

30 sensors are processed to determine the phase difference between the pick-off sensors.
The phase difference between the two or more pick-off sensors is proportional to the

mass flow rate of material flowing through the conduit(s).



The phase difference between the two or nore pick-off sensors is
proportional to the mass flow rate of material flow ng through the
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rate measurenents using a nmeasurable flow paraneter. e present
manufacturer, the meter can provide accurate measurements of the fluid being measured

without accounting for variations in fluid properties. Although some prior art meters do
provide some compensation for temperature and/or pressure effects, this is mainly to
20  compensate for a change in the flow conduit stiffness. However, it has been determined
that in some situations, other fluid properties can produce errors in the mass or volume
flow rate output by the meter electronics. The errors are generally greater with higher
density fluids, such as, for example, some hydrocarbon fluids. However, depending
upon the required meter accuracy, the errors may be experienced with fluids of a variety

25  of densities.
Therefore, there is a need in the art for a method to detect and compensate for
errors in flow rate measurements using a measurable flow parameter. The present

invention overcomes this and other problems and an advance in the art is achieved.

30 SUMMARY OF THE INVENTION

A method for determining an error in a flow rate of a fluid flowing through a

vibrating flow meter is provided. The method comprises the step of receiving sensor
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i nvention overcones this and other problens and an advance in the art is
achi eved. SUMMARY OF THE I NVENTI ON A nethod for determining an error in a
fl ow rat ewof2om/f38uird fl owi ng through a vibrating fl ow nmeCcemsce9puzzod ded.
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systemis further configured to termne atlowrate error based on the
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15  to determine a flow rate error based on the calculated flow parameter.

ASPECTS
According to an aspect of the invention, a method for determining an error in a
flow rate of a fluid flowing through a vibrating flow meter, comprises the steps of:
20 recelving sensor signals from the vibrating flow meter;
determining a first flow rate using the sensor signals;
determining a fluid density, p;
determining a fluid velocity, V, using the first flow rate, the fluid density, and
a physical property of the vibrating flow meter;
25 calculating a flow parameter, V/p based on the fluid velocity and the density;
and
determining a flow rate error based on the calculated flow parameter.
Preferably, the step of determining the flow rate error comprises comparing the
calculated flow parameter to a previously determined correlation between the flow

30  parameter and flow rate errors.



determning a flow rate error based on the cal cul ated fl ow paraneter.
Preferably, the step of determning the flowrate error conprises conparing
t he cal cuwetzeth/B3Bw paraneter to a previously determ ne@#Crarsee@vatizon
between the flow paraneter and flow rate errors. Preferably, the step of

determning the flow rate error conprises conparing the calcul ated flow
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det er m Agabined ffluddehdie@ature and a temperature used for a previously determined
correlation between the flow parameter and flow rate errors.

15 According to another aspect of the invention, meter electronics for a vibrating
flow meter includes a processing system configured to:

receive sensor signals from the vibrating flow meter;

determine a first flow rate using the sensor signals;

determine a fluid density, p;

20 determine a fluid velocity, V, using the first flow rate, the fluid density, and a

physical property of the vibrating flow meter;

calculate a flow parameter, V/p based on the fluid velocity and the density;
and

determine a flow rate error based on the calculated flow parameter.

25 Preferably, the processing system is further configured to determine the flow rate
error by comparing the calculated flow parameter to a previously determined correlation
between the flow parameter and flow rate errors.

Preferably, the processing system is further configured to determine the flow rate
error by comparing the calculated flow parameter and the fluid density to previously

30  determined correlations between the flow parameter and flow rate errors for one or more

fluid densities.



error by conparing the calculated flow paraneter to a previously determ ned
correl ation between the flow paraneter and flow rate errors. Preferably,

t he proceweizng/syavrem i s further configured to determ necrhis26ooovsinat e
error by conparing the calculated flow paraneter and the fluid density to
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use the best node of the invention. For the purpose '
FIG. 3 shows an example of a graph of flow rate error versus density for a

15  variety of flow rates.
FIG. 4 shows an example of a graph of flow rate error versus the flow parameter
V/p according to an embodiment of the invention.
FIG. 5 shows an error determination routine according to an embodiment of the
invention.
20 FIG. 6 shows an example of a graph of flow rate error versus a compensated flow

parameter V/p according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 — 6 and the following description depict specific examples to teach those

25  skilled in the art how to make and use the best mode of the invention. For the purpose
of teaching inventive principles, some conventional aspects have been simplified or
omitted. Those skilled in the art will appreciate variations from these examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations

30  of the invention. As a result, the invention is not limited to the specific examples

described below, but only by the claims and their equivalents.



of teaching inventive principles, sonme conventional aspects have been
sinplified or omtted. Those skilled in the art wll appreciate variations
fromtheswoessvpBuag that fall within the scope of the i meentsean/045Bnose
skilled in the art wll appreciate that the features described bel ow can be

combi ned i n varjou ys to for tiple.variations of the jnventign. As a
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exanple of a vibratin sor asse ormo r|o
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103B and back into outlet manifold 102' where it exits the flow rreter 10
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conduit 103A and a second driver conponent (not shown) affixed to
of material is directed to enter conduits 103A and 103B, flows through conduits 103A
and 103B and back into outlet manifold 102" where it exits the flow meter 10 through
flange 101"

20 The flow meter 10 includes a driver 104. The driver 104 is affixed to conduits
103A, 103B in a position where the driver 104 can vibrate the conduits 103A, 103B in
the drive mode. More particularly, the driver 104 includes a first driver component (not
shown) affixed to conduit 103A and a second driver component (not shown) affixed to
conduit 103B. Driver 104 may comprise one of many well known arrangements, such

25  as a magnet mounted to the conduit 103A and an opposing coil mounted to the conduit
103B.

In the present example, the drive mode is the first out of phase bending mode and
the conduits 103A and 103B are preferably selected and appropriately mounted to inlet
manifold 102 and outlet manifold 102' so as to provide a balanced system having

30  substantially the same mass distribution, moments of inertia, and elastic modules about
bending axes W-W and W'-W', respectively. In the present example, where the drive
mode is the first out of phase bending mode, the conduits 103A and 103B are driven by
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conduit 103B. Driver 104 may conprise one of many well known arrangenents,
such as a nagnet nounted to the conduit 103A and an opposing coil nounted
to the comounto/iB®BB. I n the present exanple, the drive mrogas2@omB0fir st
out of phase bendi ng node and the conduits 103A and 103B are preferably

sel ected and appropriately nounted to inlet manifold 102 and outlet.
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Via Bat A aRG e e BB Ry e eRer BHP TS et e P BBl 00
103B to osci IihatfRyw hesel @§hdwdidtdides Skpdit of PickeFrards, wokt tappresffalg t hat
ot her drive nodes may be used within the scope of the present invention.
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103A, 1Q3B. I i ck- it ; p [ of
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i npl ement a single conduit ow neter. Furthernore, Wwhi ow conduits

103A, through the conduits 103A, 103B.

It should be appreciated that while the flow meter 10 described above comprises

a dual flow conduit flow meter, it is well within the scope of the present invention to
20  implement a single conduit flow meter. Furthermore, while the flow conduits 103A,

103B are shown as comprising a curved flow conduit configuration, the present

invention may be implemented with a flow meter comprising a straight flow conduit

configuration. Therefore, the particular embodiment of the flow meter 10 described

above is merely one example and should in no way limit the scope of the present
25  invention.

In the example shown in FIG. 1, the one or more meter electronics 20 receive the
pick-off signals from the pick-offs 105, 105°. Path 26 provides an input and an output
means that allows one or more meter electronics 20 to interface with an operator. The
one or more meter electronics 20 measure a characteristic of a flowing material, such as,

30 for example, density, mass flow rate, volume flow rate, totalized mass flow,
temperature, and other information. More particularly, the one or more meter

electronics 20 receive one or more signals, for example, from pick-offs 105, 105° and
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103B are shown as conprising a curved flow conduit configuration, the
present invention nmay be inplenmented with a flow neter conprising a

strai ght wbawmocissdai t configuration. Therefore, the partctaisasosemsodi nent

of the flow neter 10 descri bed above is nmerely one exanple and should in no

way |imt the scope of the present invention. In the exanple shown in FIG
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al l ows one or nore neter efectronic tointerface w an operator. The

one or RohendBberarl etilizdings ZDwieasperetude,cldrogltdrénfosinbdof a fl ow ng
material, such as, for exanple, density, mass flow rate, volune flow rate,
totalized nmaddcficehpiqeesnpie rvatigh o7ibiaHag onpasuringf davinesi stch Mbridr pxatipdul ar | vy,

the pne or. nore nmeter electronics 20 receive one.or re signals.. for
exarn o CifRCReGH § FOMEER TierRE L fle ot fobh e Bufitsl 8 nor
shown) , wailid uagerstddids thBfebrdBtd QletdiRdMRRRUESoR i§NBARESETbSthieviey & fthdw ng
material, such as, for exanple, density, mass flow rate, volune flow rate,
t ot al i zddsampsionf | ow, tenperature, and other information. The techni ques by

whi ch vibrati neasuri ng .devi ces, .such as, for exanple riolis flow
Teters or - deBRBELT & ORER B 4iEHIMAR0 BTSET SOTT 2 PP ORI GtRG G Pal are
wel | unggr ?19&91% bPefBEOE thea gt Altd Sk REKSS RN 6&u9r@ut?tt%dvir%sbmlﬁw ty of
this description. One problemassociated wth vibrating flow neters, such

as tbhe prapertiet eFThd Blowsratdrerrpr esmgnaerespordt tooa snask fidve rite @ a adlenreewur enent

that occur due to various fluid properties,. The flow rate error. may
corr esp&HE: 106 Cxamals PYoNg PReratien its paensiiiiculiio paeede pegurai grimetes mir i ng
operati g, iargé 4 F%!rfig'qc{%eht tg tﬁ’lreoﬂb\gera@ec%'féa%{‘enf‘eﬁ' ”R(Ej&ﬁdﬂ{g RoY,! ar ge
of an error 1S present 1n the flow rate neasurenent. According to an

enbodi meptbodfmé ity BREhidsh, thdthel@tctdcti@h RS 1I005 NG efhtc & 808P Bvadddefl@w
conpensated fl ow rate nmeasurenment once the magnitude of the error is known.
Accor di et meanrenpidonehtthefmagnatidayehithererrarhes kepwn. el Aeaordnc® 20 can

TRl e 1SR WRFEC Rl B LA L BRLLER e P
errors based on a correlation between a measurable flow parameter and a predictable
flow rate error.

FIG. 2 shows the meter electronics 20 according to an embodiment of the

invention. The meter electronics 20 can include an interface 201 and a processing

20  system 203. The processing system 203 may include a storage system 204. The storage
system 204 may comprise an internal memory as shown, or alternatively, may comprise

an external memory. The meter electronics 20 can generate a drive signal 211 and
supply the drive signal 211 to the driver 104. In addition, the meter electronics 20 can
receive sensor signals 210 from the flow meter 10, such as pick-off/velocity sensor

25 signals. In some embodiments, the sensor signals 210 can be received from the driver
104. The meter electronics 20 can operate as a densitometer or can operate as a mass

flow meter, including operating as a Coriolis flow meter. The meter electronics 20 can
process the sensor signals 210 in order to obtain flow characteristics of the material
flowing through the flow conduits 103A, 103B. For example, the meter electronics 20

30 can determine one or more of a phase difference, a frequency, a time difference, a

density, a temperature, a mass flow rate, a volume flow rate, a meter verification, etc. In



FIG 2 shows the nmeter electronics 20 according to an enbodi nent of the
i nvention. The neter electronics 20 can include an interface 201 and a
processi orYBH1203. The processing system 203 nay i necuds2@9983080€
system 204. The storage system 204 nmay conprise an internal nenory as

shown, or alternatively, may conprise_an external nmenory. The nete

el ect r oAPRE © Oﬁaﬂe%rré? a%eéerap%%c‘rtmﬁécss?r(blﬁlav receivie 3 HUNRSHHIGsigpd Qdﬂif%@ﬂsi gnal
2 11 to i 04. Lo : el ect i 20 can receive
sensor é’.}lgﬁéﬂ{s&%@ [?Srof)}rﬂﬂilﬁeté?‘?%%%%%Q%éﬂggﬁé%&égﬁgﬁg@b ge?f /vel ocity sensor

signals. |In gogenemaodi20tniag, retdiee sensakoskighak 1d10owathegck-eficnesksf rom

the driver 104. The neter electronics 20 can operate as a densitoneter or

can oper8fel®X, ar Hesdrivaro4nan deadsi HEL ddi nhl opelkha intifags 29 1apay derferm| ow

nete%. The neter el ectroni.cs 2q>can.process t.he sensar Si?anEIZ%%ﬁin or der
ta q dﬁg()Ph

to obtalh 1R ERardcieicdr F1gRal, FoRdHomnge Pl a1 Bl 1B 1% ow

CondUit%n%@@%ﬂﬁ&ﬂ%ﬁﬁéﬁﬁ%ﬁﬁéaﬁmkﬁmﬁkmg gRheor 811 O€ tHeObS céRdiBRindRhRHE ne
one or nore of a phase difference, a frequency, a tine difference, a

densi t y peotreerpan dbaipegceasingsystehor03.at ke, additioh,uthe fitevaccal®, can eotlge
verification, .etc. Insone enbodi ments, .the neter electronics.,20. may receive
2 enpe PG GHGRADSB STy P O P TR SARPBL OB G B Rai e
nmeasuri r fac ; r sensor
e e R T S i

| eatl® 110, 1The ihidkfaceTh@l iint @ref amdodientaganp ardludemadigitivec gasarsiiown),
desired signal conditioning, such as apy manner. of formatting,

anpl i fi CACTGR thpgser pighal Enaprises @B ramaaeengor gl dricdIZItERT EHEsANRRal

condi ti Qpj el e Gt SSi 203: i:31.0n,
t he intgﬁ?Q%%ﬁ%gTﬁgg%ﬁ%%%%ﬁgp%gﬁ%ﬁ%@HQ??%%EEgggﬁzéﬁkﬁﬂé%%§¥eiﬂ% gg%%%nics
20 and exi elbPerfdemi B§Sneedb® dedibRtibACRh&Rh tanifital capakisermaf isadacimmeaer of
el ectronic, optical, or wireless comunication. The interface 201 in one

embodi meherdsamo rerbicadlee ameigfi ofi tgnal Prietessingwaydednpngk o ngdudretheargenssisizgnal
con?%is%ﬁ an anal og sensor signal. The digitizer can sanple and digitize
t he anal gbe'sensor signal and produce a digital sensor signal. The digitizer

can al so per merpraéeésﬁges%sénﬁ@% ¥ah i @RduMedtibnk T b Fhdtal cRENSHEs Shgnal
is decimated in order to'reduce the amount of signal processing needed and
t 0 r eduerd pheepy Bowsstasgreniamts from the flow meter 10. The processing system 203 can
execute one or more processing routines, such as the error determination routine 213,
and thereby process the flow measurements in order to produce one or more flow
20  characteristics.

The processing system 203 can comprise a general purpose computer, a micro-
processing system, a logic circuit, or some other general purpose or customized
processing device. The processing system 203 can be distributed among multiple
processing devices. The processing system 203 can include any manner of integral or

25 independent electronic storage medium, such as the storage system 204.

The processing system 203 processes the sensor signal 210 in order to generate
the drive signal 211, among other things. The drive signal 211 is supplied to the driver
104 in order to vibrate the associated flow tube(s), such as the flow tubes 103A, 103B of
FIG. 1.

30 It should be understood that the meter electronics 20 may include various other

components and functions that are generally known in the art. These additional features

are omitted from the description and the figures for the purpose of brevity. Therefore,
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The processing system 203 can conduct operations of the neter electronics
20 and process flow neasurenents fromthe flow neter 10. The processing
syst em 2080cary/BsHCUt € one or nore processi ng routines, PEWAIS2@9/043364 er r or
determ nation routine 213, and thereby process the flow neasurenents in
order tqg produce, one or re flow characteristics, The processing system
203 cant%ﬁwﬁ%lnae@mﬁggulgu}%d%ﬁ% Uioethe spegificr gm 9@&5@&% MOy Sdm  a
| ogi c Cidfls(éﬂésted or sone other general purpose or custon zed processing
devi ce. The processing system 203 can be distributed anong nultiple
processi ng dew theprocklgnProaensio3geaisdteymha0arioa floncthade: teiytichpduiras of
integral or independent el ectronic storage nedium such as the storage
syst em Josexampde, tho pussflay raiesaraiplung flomoees 48 $THOR MaydipsaspodptgA avitipthg i n
order to _generate the dri signal 2 11. anpng orher thin The drive

o gl S IEORE it SRPRUAR D e TRAC Al gt pFRrs pald 16
associ at@fpdrh@vé aHB{reIsurd HEN typicdljecdhpimshielefor, 1 Adhiodd1 3Brat Hah& bebn |t

shoul d be understoogﬁt hat the meter electronics 20 may include various
ot her cdmeoveand shanday beettiibugbletatongrar mereeiaid| propertoemof thet fhaddtawinghese

additional fegtures are itted fromthe description and the figures for
t he pur@HQH %F}]ebfﬁ%‘y/mi}rl%ﬂ]erefore,the present invention should not be

limted to the sRERE td 6 erHMRdIMER LT tREAWEnABH, LrAsHSRED cﬁiﬁbé BEcRhRe@SSI Ng

system 203 generates the various flow characteristics, such as for exanple,
t heloras befwaew thateoom tholflomweratd measuataentaamder mew floaypavameies déipatvadra't h t he
generated flow rate. Although errors associated wth conduit stiffness due

to tenpéy ﬁteuﬂ‘éida‘f?é?%frye@s@f@ Q¥ ongiscHiA, bt e @dthﬁoﬂqidé’&am-oﬁapl y
or oper t 1 DL SPRE P S HerGerlhe T BN CoF LS bl HP b, BRI TR L b U S

embodi mMpAysiedl progettin ueiheOflowamek at.b.onbdiifteaRn Mgy detLom thedidetmeen t he

error in the fllbow rate neasurenent and a new fl ow paraneter, V/B" where V
i s the flhaoughy exprginentilncalitwationwt dwadegensdatedmned 0B#; fainvarpousstlutde, £1 ui d

?:? th %lﬁeéﬂ;lg)i%fs(%oﬁf atg)ﬁ:j%ggsttsy ’be}(ﬁeé:nthg eer(%ioert %{qgl]cgl%g gr%ge%q ok thg Cr0e SratfeI ow
measurement and the flow parameter V/p. Although the flow rate error is generally
greater with fluids having higher densities, for example, certain hydrocarbons, the
particular fluids used should not limit the scope of the present invention. Because the
flow parameter V/p can be easily measured with most vibrating flow meters, including

20  Coriolis flow meters, once the relationship between the flow rate error and the flow
parameter for a given density is known, the measured flow parameter V/p can be
compared to the known relationship to determine the error in the flow measurement.
According to an embodiment of the invention, an error compensated flow rate can then
be generated once the relationship between the flow parameter and the flow rate error is

25  known.

By way of example, it is commonly known that vibrating flow meters, including
Coriolis flow meters, are capable of measuring a mass flow rate, a volumetric flow rate,

a density, and a temperature among other things. Mass flow rate can be defined by

equation 1.

30 m= pAV 1)
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physi cal property of the flow neter, i.e., the internal flow area of the
flow neter. Through experinental calibration, it has been determ ned that
for variowe 2biou3sey a reliable correlation exists betweenTiuseoonussns
typically present in the flow rate neasurenent and the fl ow paraneter V/p.
Al though the flow rate error is generally greater with fluids having higher
densities, fd¥N&Ranple, certain hydrocarbons, the particular fluids used
should not Iimt the scope of the present invention. Because the flow

par anet er V/ pn csahe beasasd nyasetlasuraed with nost vibrating fl ow neters,
including Coriolis flow meters, once the relationship between the flow rate
error and thé if thempa, @¥!%Yor a given density is known, the neasured

fl ow par anet gy : - o} red. j ' .m ne
the error i oy fanp (GR el ERTRT Bl KRR HETHP AELA SORDIL Rl SoiBhES
invefti and an error conpensated flow rate can then be generated once the
rel ati onshi p between the flow paraneter and the flow rate error is known.

By way of exahplthe ayeraggvaleeoel fickhadun thisnewr prae ifloy ¢ansiitiet er s,

2ol anetr i o PRy e IE il B ERE Sk BN B Rl isga: ©
Mass f1 QuherataBiaBRY a9€ ke8hhNREmbcRAURL iANrleanbmMP Vb MMhEE byMHesfidhe

measured mass flowrate; p is the neasured density; Ais the total internal
cross seuté¢ron@l a¢dopdingr a vodll thnevwonécadniques.e fllhowfownduation ad aani det he

aver age vel oci f the fluid in the one or nore flow conduits. The only
unki@wnr?%ﬁra@&ﬁélg?‘gﬁd(‘i‘ffqrs\y'v, the average velocity. This is because the

ot her variables are known from neter design or can easily be neasured by
the flow nmetgr _1@ according to well known techni ques. Theref or%z) equati on
(1) can be rearrgnged and solved for V. V =-pA (2 )

With the average velocity, V, calculated, the velocity can be divided by the
density, p, to calculate the flow parameter of interest, V/p. It should be appreciated that
density may comprise the density measured by the flow meter 10 or alternatively, may

15 comprise a standard density based on standard conditions. As another alternative, the
density may be input by a user if the fluid composition is known. Although most liquids
are essentially incompressible, and therefore, the density does not vary significantly
with temperature or pressure, it is well within the scope of the invention to adjust the
density based on a measured temperature and/or pressure. The temperature and/or

20  pressure may be measured by the Coriolis meter or externally from the Coriolis meter.

In order for the flow parameter V/p to be useful for determining a flow rate error,
the relationship between the flow parameter V/p and a flow rate error for the meter is
needed. More specifically, a correlation should be known for the flow parameter V/p at
a variety of different values of V/p for a variety of fluids with different densities.

25  Furthermore, if temperature effects are a concern, then a correlation can be generated at
a variety of temperatures as well. The correlations may be generated during an initial
calibration of the flow meter 10, for example. The correlations may be meter specific
and therefore, a different correlation may be required for each individual flow meter, for
example. The correlation may then be stored in the storage system 204 of the meter

30  electronics 20, such as flow rate correlation 214, for example. The correlation that is

11



Wth the average velocity, V, calculated, the velocity can be divided by
the density, p, to calculate the flow paraneter of interest, V/p. It should
be apprecwatety/isar density may conprise the density neasurusdodop4ishe fl ow
meter 10 or alternatively, may conprise a standard density based on

standard condi tion As anot her alterpative, the densify may be |nput by a
user if gematedypay Z’Srﬁé‘%@ﬁtlp@n"?%etkrﬂf rmagst o5 fYRIreraise. fqrcﬁme G rlgok-up

essenti @e{ﬂl%’sl y&v%élﬁéﬁé t%'qﬁau@d%d ofcherefore, the density does not vary

signi fican erature’ or pressure, it is well within the scope of

the inventi ot shuadlbeabtet tBatdmiysdal guldrase thaapu@nivag urigshttof npéscadyureuldnd/ or
pressure. The tenperature and/or pressure may be neasured by the Coriolis
net er osuldicedphicl gpriclasientfdhcprasenti i§venstaay and thap theedverage cméuft |V@1001ty

t V/ t b t. t
el ot oot e Rt 3Rk rrd Sl afaPel s s Sod e ardent P iar ¢ e
neter i pingRdehlodl enslsthi HoR! V¥ocidy, C heleRtdr@dllys BoehHinee Jelouy fak the
flow parameter V/p-at a variety of different valués of V/p for a variety of

fluids \alsphpmlvfdfeehhe mecdssak)i infesnatiur fdreat m:omepensarclonelmm dhauflewepdrenieterare a
concern corr ion can be gener ated at variety of te ratures
as wel | ’V/ﬁrh 1 g +t&na5?eoai %W%Ba wied Ve %10&}? Riet: easstd BY 46 on of
the flo I 0 ¢ and
{Eﬁ&a? éis%]?e,r en Cor ' elug"e{r e s%%fbﬁ ol &‘e%sg%o%lo’éﬁﬁ %@ES& dt

therefore ion may be requir i vidual flow
met o, bﬁtlc;ﬁxarrpl e. The correlation may then be stored in the storage
system 204 of the neter electronics 20, such as flowrate correlation 214,
for exanpl e. Apgerdieg fepareinbadirpent qfébeﬁereatle@ thworrela@p@rre@ bﬁganqraﬁedety of

f ts, f t b
equat | o Bectatii 2 ifiat” b SHATRNH Rt Re 0% Mltorof SR LT AR of or
i nput  offuy) H&\hﬁ% dﬂﬁeﬁeat sehfitiee aﬁ@rﬂ&k}i@lgcé’tr f 8ladfetyP afGlow NetcRT 8S&Helate

invention, and that the average conduit velocity is used by exanple only,
and showhdousvaigeswefythe ifloint parhmesc de faf cachelepsigs ey waywdrxmople, Fiqpdwne

e Y T ARSIl S5HS o8 SR Rt SEL T R el B,
L L N L
t he den$[l\tey1t10ﬁ iy abolimityd itt iy tisocarbens @ahd ehé pac@ular ﬂU.ld or class of fluids used
should not limit the scope of the present invention. A flow rate measurement was
generated for each fluid at a variety of flow rates. The flow rate generated by the flow
20  meter 10 was then compared to the known flow rate to produce a flow rate error. The
known flow rate may be provided by a prover or master meter that is connected inline
with the flow meter 10 as is generally known in the art. The results are reproduced in
FIG. 3.
FIG. 3 shows a chart of volume flow rate error versus density for a plurality of
25  different flow rates. Although the chart of FIG. 3 is shown as volumetric flow rate, it
can be appreciated that the chart may likewise be generated as mass flow rate and
remain within the scope of the present invention. As can be seen in FIG. 3, the error in
the flow rate measurement generally increases as the fluid density increases. In fact for
the lightest fluid tested in this example, the error is practically negligible and may be
30 caused by laboratory error rather than flow meter error. Therefore, according to an
embodiment of the invention, a threshold density may be determined where the error

determination routine 213, as described below, is not implemented unless the fluid
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According to an enbodi nent of the invention, the correlation may be
generated by performng a plurality of calibration tests on the flow neter
10 usi ng wovarwsm7of fl uids having different densitiespramdSkéoomiisgs at a
variety of flowrates to correlate various values of the flow parameter V/p

f d ity. B f | he f| 1 d
vari ot y A6 Ry ei<Gedr TGN §o0n: badhausiEs é”rif‘onm%“’gﬁwh; 3 BoaiGone
ner e USed DddEnIoES ALY BBk Reod It SRUL & D SPRLERKELFY) b Ralail gy esent

i nvention 1I's not ocar bons e parti cu or class

of flui dsr uheesdmmub@htmtmhs rﬂlEn hrtelaeaﬁp@owfraﬁereerq@r\emmtthe Iﬂ\oenparemete% flow
rat e nmeasurenent was generated for each fluid at a variety of flow rates.
The roW/P&ﬂlebgéﬂ@ré&e d by the flow neter 10 was then conpared to the known

fl te t £ t Th f t ded
by = prover &8Cdsirtitt 8 SREBCROE A M fal R rre Wb Fr SRR er 10
as i's geBRuAkhY fllsROMRatBtet, e/ Afdk vaTidgs hoSMchiBoAL.e AeiMoeUGad: ioh el fid3-

FIG 3 shows a chart of volunme flow rate error versus density for a
pl ur al i dynofy, dhé e mate fdromw lsaamommatdmdgteat ivathe Heer hatofal HbG. 0f3thiesﬂe\hovm as

volunetric flow ra reciate at. t art se be
gener at B Gha VU5 it Paftaran By ol e §hirs sBawpdsigreely s HEidh

| nvent | aling Rk Ninbe 48P0A! T GosiSdath NRBIHH Alerefhed el ldtar e 4PpadYr ement
general 'y mcreases as the fluid density I ncréeases. In fact for the

| i gh® estcofrbspotdt &s b eclatinelly lvoastentadquisey. tThether voords,shpifioet paahleyernadlasgi bl e
and may be caused by | aboratory error rather than flow neter error.

Ther ef ol C@@HW&HH& #Q are btsdarhiin sane dhid. doesonfrar; the flareB#aNGtdensi ty
may be def &l er“ﬁ VX@?V orlrdngﬁﬁ ft8r%he lg[@%' 08 Mt 8% g& haf’i‘ geﬁ | bed

bel ow, i's not ess Asit y excee res ol d

density ap%rﬁdﬁ@ueiluésheat edrap et lign40d. AlsGandePicem] BRS1d4S eitelertdafgehefeuyon
t he flow paranmeter of interest is V/p. Therefore, if V/Ip is calculated for
the samincgedseheathoHopuparamelrsrinereatearfor efgiverodensitye Akvoforerses flow f1 ow

par ter V/ be gener at.e rates, an. exa ot of t he
Frofrr apadider “ndu QORI B earali Dhbeile FROEFIERERARe R B or
vari ous tﬁeéelrgeﬁ@frabeeﬁds /a\sreﬁapmelah@ﬁs@p @kiéﬁ‘s”bét{xf%ﬁi tﬁéeﬂswtpfaraﬂqeer fl/pumbat e
error is approximtely linear with the natural [og of
the flow rate error for a particular meter. Furthermore, 1nterp01at1ng between flow
parameter values provides a relatively accurate determination of the flow rate error
produced by the particular meter.
20 Using a logarithmic scale, a curve fit equation can be generated that represents
the correlation between the flow parameter, V/p and the flow rate error for a single fluid
density. As can be seen, for each density, another equation can be generated relating
V/p to the flow rate error for that density. For other fluids or classes of fluids, for
example non-hydrocarbons, a different relationship may exist between V/p and error,
25 and a different form of the curve fit or look-up table may be required. Although the
flow rate error is shown in terms of volumetric flow rate error, it should be appreciated
that a similar chart could be easily generated using mass flow rate error and, when a
Coriolis flow meter is used, such a plot could eliminate the step of converting the
measured mass flow into a volumetric flow rate as Coriolis flow meters measure mass
30  flow directly.

As can be seen from FIG. 4, the flow rate error approaches -1% for certain values

of V/p for the particular fluids used. This may comprise a significant error in the flow
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paranmeter, V/p for the hydrocarbon fluids selected. This is shown for each
of the fluids using trend |lines 401-404. The test data used to generate
each tremaol2ore13¢01- 404 corresponds to a rel atively congCcanis2aensisny. | n
ot her words, the flow paraneter values that conprise line 401 are based on

th fluid. | t, the fl t val, . [ 40
co(rar Zggea??@sg%m&nﬁh %%_?égis Hhds alegli ?h@g\évlérg? 5%513%%@931? P%ﬁessm%lef :zgﬁh%%]ﬁaﬁbﬁt er
val ues trﬂ%t SRR SE ik fi\ﬁﬁéﬁf caltilaf@Nudifo #REheo %nédfté’d!"ﬂ{)évtx%teeraé gEm be

y |]r31 gs t he p e%

gener al creases ow par anet I NCreases 10r a gl vén densi ty.

Al so, feécraingFMem,ftheerpaiatrt 8ow\iRkaacteabagddnsi the drariaakeslow hee fWidw rate
error also increases. Because of these general trends, a reliable
rel ati on8wg peraitde smpectwadhe cpaclpicg\eriar drake dor eramnpledthe peaximpg ¢reQrdner r or

o 8PS L TS P o BT RS R SR,
producedyby/t Be t@pbiftul %be&EﬁateIW@iamg 5 am‘l/ﬁ%agj. t INeRefSeabfon & BTk i t

equation can be generated that represents the correlation between the flow
par amet evere Vo, athd flove parometeat eale for M/prisawsthng 0000035 dnd@esisy ywf the can

be seen, for.each density, another uatigon can be generated relating V/ip
Lo the PIHAYSE Glulren o) RRbaTH PunRored et Urramaegiedcntsdor
fluids, ﬁq}afef%émﬁl BN EY&E&%@&&}?ﬁﬂﬁe Vridiibh 6k %Yné{e‘ﬁkﬁfdno S8 BudRy tBXi St
between V/p and error, g d adifferent formof the curve fit or |ook-up
t abl@ mamabeerr@qin thedflod phaugier; M pfdanwtypatadlyebe ognared.s Hownould dler e of
volunetric flow rate error, it should be apprecjated that a_ simlar chart

coul d b@owARle|ty iteeae the Hawuearpperalden prasedyrgt witld the valyg of wghesityaisedddol i s

flow nmeter i pl : L t nverting the
reasr cd il ¢ FEGorTE Cufulh Shnf L RL T AR B PnQl e e or S
measur e mass If dwldbé appleyiatadiSthanthebpesiERNvAllic@randl Tuidéd usédhéh FIGSv 3 & @ error

approaches -1%for certain values of V/p for the particular fluids used.
Thi s mapre ergselys examplegriof ilbawateetheopresentt hwentigwredbercérenthe Prdicetasre, it

i th ion i i rabl e, JAlthough th
V77 FiEPl o gl 0B awEn g hPHE" T EBn B hpk e RbF e R aaRE he
seen i nifsleBtiod, ItMOuRS £196 bk {a]ta)]it)ﬂé@iatédoﬂ‘{alp@hﬁ@ﬁ{eeéorﬁ@ﬁﬁﬂl wk8e R fIQL rhtd t he

flowrate will have very Ii e inpact on the correlated error. Take for
exanpl e errohendetke matoret dag off rthe flow parameter V/p is approximately linear for the

hydrocarbon fluids utilized in the example, the correlation with other fluids having other
densities and other physical properties may not produce a linear correlation. However,

20 it can easily be appreciated that a similar correlation can be generated using trending
techniques that are well known in the art. Therefore, if a user knows or anticipates that
the flow meter will measure a specific fluid or class of fluids, a similar correlation can
be generated for the specific fluid or class of fluids for that meter.

Using the information provided in FIG. 4, or a similar plot, look-up table,

25  equation, etc., the processing system 203 can perform the error determination routine
213 according to an embodiment of the invention.

FIG. 5 shows an error determination routine 213 according to an embodiment of
the invention. The error determination routine 213 may be performed by the meter
electronics 20 during normal operation, for example. The error determination routine

30 213 may be performed according to specific time or measurement intervals. For
example, the error determination routine 213 may be performed once every 10 seconds

or once every 10 measurements. These numbers are provided only as an example and
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flowrate for the trend |line 404, which approaches, but does not reach -1%
The value for V/Ip at that point is approximtely 0.0035 nd4/(kg*s).

Ther ef or ewoauevi3gfi7t he error were -1% the flow paranet ecTaskee/0#3o4 V/p is
wi thin 0.000035 m4/ (kg*s) of the originally calculated flow paranmeter V/p

f ound usflqr;g t he unconpensat flowrate. Therefore, reci ated
f h

. [ é can be a&]p
that th&NQUEANRE 1igH 1S CBRPEhEKL PIEHENE AN ENtgRN @BY tHiYs S HEIMRLESlY ofCi G he
flow Poldgeeh atioX BN £ Pofid beYpe rﬁlgﬂ'%ﬁeadﬁub,%%g Vg;'{ go&ﬁ@fbu?%aﬁgs%'hg' e to

iterate oW conpensat on procedure unti ue of velocity used as

an i npukrrbp détbandatipe raaine@1 3iBae be finpleaithtad th Rletdimimoar acsecd avddweatof fl ow
rate. It should be appreciated that the specific values and fluids used in
FI GS. 30&aflad.e Inrpoap gmbedirpes the cimor deterainatioh soyinesals mpy alset hicosed

Ther f?%Ogcgltgggrgg%;fto%ﬁgel%T;Oégéﬁ%ng)l ﬁ%{ greovi ded in the figures should in no way

lim lon. It should al so be appreciated

that while t hgeGpfor fleftirm@intRatroBERe DN® bbLiaWidk afep RN IOherdRenddiighatusel | og
of the flow paraneter V/p is approxinmately |inear for the hydrocarbon

f1 ui ds wedeivededomrthe Mlovwematepll®, Thwesansor apaals omywinthidotahmrasé diffatendeawi ng
ot her densities and other physical properties may. nqt produce a_.linear
Corr el at ORI Mo fdyBReTaiiye. cLRrSyEs ey HESH gndbe HReEh satoR SErgl the crror

corr el alibRANGRARRGoHGNEL # @dn P04 116 20 562 WO UGS dI0ate ﬁf&ﬁ%h'toknov‘“
in the art. Therefore, 1f a user knows or anticipates that the ow net er

wi | 10 nmegsugretcanepeandre ©f blfirstdness fidvasste,of tehdperadsie, anda noluatetaofloel @mtd. on can
be generated for the specific fluid or class . of fluids for that neter.

Usi ng the infdrsse P83 Hribid aesityy qancpe detggminedsi pfhey fluyd slensify gmayy et abl e,
H , I . t .
ot ar i AspfTafid et tF oS SAROP LR BOF SmEET AP OGS herine s 1

5 shows dansi§r5Red O tles 8nB@d di@mlg, abié Haeitsidayabe oéribiritgd basclnreddio thpie r@g of
the invention. The error determi nation routine 213 may be perfornmed by the

met er eleeser oi tiri@ddionng storadadersplar atlihgnstoresr densafirpeeuld Thee aedensity
mealor engHb TR0 SRt e 8 St RSB R ReP ik S TBREL cut 1 ne 215 may
be per f or med TORGRi@WEHNtykHay BE @HMhParl t6ACGRrRNEIINIEY JBRABUT RERAESg tdARSse
nunbers are provided only as an exanpl e andshould not limt the scope of
t he pr eseodimesmifiton invenaory, avdgternfintieometn beinyadetadsdo evhradiner the generated
density exceeds the threshold density. If the generated density does not exceed a
threshold density, the error determination routine 213 may end. For example, as shown
20 in FIG. 3, if the density is below a threshold value of about 750 kg/m’, the error
associated with the flow rate measurement may not be significant enough to continue
with the error determination routine 213. The threshold value may be determined based
on the required accuracy or the measurement capabilities of the flow meter, for example.
If on the other hand, the generated density exceeds the threshold value, the error
25  determination routine 213 can proceed on to step 504. It should be appreciated that the
density comparison may be omitted in some embodiments. This may be particularly
true in embodiments where the fluid flowing through the flow meter 10 is known to
exceed the threshold density, for example. Although the above example discusses
situations where a determination is made as to whether the generated density exceeds

30  the threshold density, according to another embodiment, a similar determination may be

made as to whether the generated density is less than the threshold density. This may be
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determ nation routine 213 could be perfornmed on a substantially continuous
basis. The error determ nation routine 213 nay be inplenented to determ ne
an error wo?aiisenw7rate of a fluid. In sone enbodi nent spPCrhis2@90e3304

determ nation routine 213 may al so be used to conpensate for the error in
the flow rate. The error determ pation routine 213 begins in sitep 501 where
sensor $iU§n&Ps CHHBPIEe HbisBY IS o ?Ilﬁfet?lﬁ ]éW’n@feeF“?D inerigascs Wity [degicghiaes may
i ncl ude 4a, Slt;?@ase difference, a frequency, a tenperature, a pressure, etc.
Based on t recei ved sensor signals, the error determ nation routine 213

can proceed 1o s&pefd4Sbx Ahri eclotiey sargbalkisteancdnedesgeditkongendoat atQne or
nore of a first mass flow rate, a tenperature, and a volunetric flow rate.
I n st eptBodensity @mchad@wglncﬂlypr@aﬁrtb@f dled Eowi metpr 113heT1n¢ piYpied PEPRFONERY be

generat ed base o] nal Sp f or, exanmp an_altern eto
Gencr at BT EanE el SRR ofio P LA e U1 Bo A e Tl Ruftrb g 8

gener at gthbdarfcht O tldaaﬂéwlrﬂélé'ﬁ 1P¥hAVHEEFIQRI, Bt 1hte@1¥£fhréar the ﬂ%m&l@@rd@nm ty.
The stored density could be a density corresponding to standard tenperature

and pr esewl@ coopdit¢ fenefal feombaxahmitenalTrea off tha fldeneindyitsd 93 be 10Aptored t o
a threshold fl cord n .enbodi nent of .the invention, a
Gt or o Reufinlst il 80l in 0 Rh R Rl e I Bt 2 sb S codet ha

t hreshol d dem&g 5057 (HehBeQERREAbAHS é@Q%hk&&%&H&%ﬁ BRktar VFH gsbg! d
density, the error déetermnation routine 213 may end or exanpl'e, as shown
in F0G o8, the fdathgentwaisiitiy st@sbﬁbbﬁozh tFrcefibwl phruaktee \ob mbpute aeﬁaﬂktgﬂnﬁ

the error, associated with the flow rate neasurenent may not be sjgnificant
enough t8N&3RE PRerating fiﬁnst“ﬁ(easem%ﬁur‘?ﬁe‘?ﬁé the awinaeter bYor Hémg pstorededeptiteshol d

val ue gy, Q&ngﬁéeﬁ'ﬂe &e&%%ﬁ Jlﬁ%oﬁ%ﬁ%qndet% £AERIG O B e tgﬁ(‘l’e[ ﬁ”e”t

capabi | i i €8 t he f he © her

gener at egndi€nnd. t Xitemadeds, thiee;tdrhd dafiityceoudd b&redpiRd €6 tHer deieite bﬂ‘thMMldn
routine 213 can proceed on to step 504. It should be appreciated that the

densi tyat:tilﬁ’p”afiﬂsgtﬂd teapersdireri tted i n sone enbodi ments. This may be

ot &7 10°1 s kholkg 10 EXRRBU RN onr B RebCaaibttyingd B Bt Faugh

mgt ﬁg?\é?ﬁghgégﬁgﬁﬁe% Zﬁi‘cﬁr;&;‘nggggfel ggﬁ)o‘dﬁlﬁérﬁ of iR ERti SR thONovTafRgforas 1o
may be determined by comparing the flow parameter calculated in step 505 with a
previously determined correlation between flow parameters and flow rate errors such as
the flow rate correlation 214 stored in meter electronics 20. For example, the flow rate

20  error may be determined using a graph, such as the graph in FIG. 4. Alternatively, a

look-up table or an equation may be used based on the calculated flow parameter V/p.
The particular method used to retrieve the flow rate error should not limit the scope of
the present invention. In many situations, the previously determined correlation may

have been determined by a manufacturer during an initial calibration as discussed above.

25 According to another embodiment of the invention, the flow rate error may be
determined by comparing the flow parameter calculated in step 505 as well as the fluid
density with previously determined correlations between the flow parameters and flow
rate errors for one or more different densities. For example, in FIG. 4, four correlations
were generated, with each correlation corresponding to a specific fluid density.

30 Therefore, if more than one correlation is known, the flow rate error would be

determined based not only on the flow parameter calculated in step 505, but also on the
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the threshold density, according to another enbodinent, a simlar

determ nation may be nmade as to whether the generated density is |ess than
t he t hreswol2diodesarrty. This nay betrue, for exanple, i nPsiTtusativonsS0nher e
the flowrate error increases with decreasing density. In step 504, the

fluid vel ocity.can be determ ned using the first ss flowrate, the
densi t y%%sﬁ eer&ﬂpf%@%wf Bt &ERr; 3 igordg o fengige ﬁﬁ%tetggfepm?ﬁétepq%*l%ﬂn is
propert%eﬁgxls%@npri se the total internal flow area of the flow neter 10,
for exanpl € Tn the enbodi ment of the flow neter 10 shown in FIG 1, the

internal areat cliodldhéef dppredimteerthdiOthaofibwl @TPIrbS endyheeddotabe abEineedy
internal area of the flow conduits 103A, 103B, for exanple. The fluid

vel oci t yntenpolatipn tescdien Hrongaiecdptinns g ailaide.t Boreaanlenvih sefeteace (hFKe.eh 505,
t he ter.electronics 20 can calculate.the.flo ar £, ased,on the
ot o tng fRfd AR Flosfusf 30nti e Bty TRk R RE AT stla nBuaBE R, oo
using t %@aﬁhp%e%t fhRoFl sl Retet &t rarSw SHBS B FAY bbthech | tRWITTRE dte BoP oAl a

stored density, for exanple. The stored density could correspond to a
densi t y hatinghegldrand lewersdands dvidoihdisainerfiow phtagratert VApetajye. t Hleis sogrodd

density.could correspond tp the density of .the.fluid at.the asure

t enper adPEoAFRdngp Pebarodict Rgamas cois of B AUePaRFciohiFFe TILHG W he

fl ow pagaeLeI P\gr%xﬁﬁ%féﬂ Iir?ﬂ?cdex'aﬁlg?é aRwiPm FIRE W0L 107 ghd FudD EIRAITTRAL Of
the invention, the flowrate error may be determ ned by conparing the flow

par ddret dydoehdohat ed herefeteepf 3886 fhnidh beingr eehaursd ywaketaapthenedydrocarkdgt i on
bet ween fl ow paraneters and flow rate errors_such as the f]low rate,

cor r el afHEROINISYHIEProbrbRe EBIC adegealr sriuels: HPWarSF aelwdpy el subantiafly rat e
error Yff&?ntdﬁlaoﬁfzﬂgi'gg %fﬁ%&ﬁgﬁ%&r @&éﬁuat%%%&l%sarfdhtﬁgl%rf&%m o e'%lcgn'efatioHe

Al ternatively I an ‘equati on nay be use ased on't
cal cul ateahld he fpay: tRftedy/ p. The particular nmethod used to retrieve the
flowrate error should not Iimt the scope of the present invention. In

many situat i &ugthetmperepelphmesityredist @ canesd, thenran adjvsimangyio Hag dlaye eate
9155 S5ty A ROMSEL BT o HE PR LRI B hiine
7 TSROl OB, W AN RISty e o
bet ween cohdtibhoohgsan deretseandaaliccohdions may comprise any condition desired as long
as the conditions are consistent between measurements. Alternatively, additional
calibrations can be performed for the adjustment made to the flow rate error. For
20  example, additional calibrations similar to that shown in FIG. 4 could be performed at a
variety of temperatures. Therefore, if the measured temperature does not correspond to
a temperature for which a calibration was performed, then the flow rate error may be
adjusted by interpolating between two or more previously determined calibrations
between flow rate error and the flow parameter V/p at different temperatures, for
25  example.

Once a flow rate error is determined based on the measured flow parameter V/p,
the flow rate measurement may be compensated to generate a compensated flow rate
measurement that accounts for the flow rate error calculated in step 506. The
compensated flow measurement may be more accurate by an order of magnitude or

30 more. The compensated flow rate may then be output by the meter electronics 20 or

stored for future use.
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rate errors for one or nore different densities. For exanple, in FIG 4,
four correlations were generated, wth each correlation corresponding to a
speci fic wbenth/dengity. Therefore, if nore than one cor peratsz@a/ois0known,
the flow rate error would be determ ned based not only on the flow

t | cul at ed, i 505, but thefluid d it | cul at ed
Pﬁr gxpegogaﬁﬁéﬁﬁgﬁ% ghf‘z S\%}rrétet %qruqq@ E%Bﬁglg‘ﬁ?ﬁegttéglégﬁsg&?t‘i%ﬁ? ?Ié? ?nS
d. | I i t
use gxe@g&:é %ebﬁoﬁ%&e%gﬁagsglgwﬁfan {e tﬁﬂe%la%%eerar %m@%?ﬂgﬁ W Qade

obt ai ne hterpolation on the correlations aval or exanpl e,
W t h reheiyemsebd gerfetdted.4 Rattert the fidwiirgte Reion gnavebs igmdded amp tes@sitiae @¢Bsi ty
between two of the fluids included in the graPh, then the flowrate error
woul d | ik pds alihis patyhsdrna fios cramspler Hithe Bppgnter sForfis wilddn pielergenrager and
| ower densities, with.the sanme fl|low parapeter.V.p value..:Thi,s sort . of.

|t o port SR8 RatEE At ANARATEATNARe " Pri®i ST BE e Bl are
subst anfréa@ﬁlbYre@b%ﬁi% aBditioh8I reR¥AHIPIR, confpak i@ X HRY Fah@¥et fona Fthieshdld al |
of the fluids calibrated were hydrocarbons. Therefore, if the fluid being
measur edalwasangnthcheartinyldr esanples, provided pbbaldi mgnevovdyd liprio Beb$appgi afethe
adequate results.. However, a fluid wth substantially different properties
may not PPFERURECH I quat e resul ts and therefore another correl ation woul d

need to be g e rt.h - r i e t hen,an
adj ust nment t?it@{iggf%oov‘\x}:%f%le%%é@ % Rg} Egn@gng%?agﬁgﬁﬁpgﬂ%t Egsetde%geraature

used0i ncomperaadetlatvi ate ardsirbi@ente akwhedldt srpepratiated. thihtheadfjta i MGt 6may
adj ust the tenperature to standard conditions. The conditions chosen for
" st andacatldcEady ecHeWiEdP & HMSF itoay 5HG ok snvelms e dpicdathss thangicaldowhe

condi ti Btnih& ¢R SRR r,blf‘swg% {%Zég%ﬁ@% s %ﬁ“ﬁg@ B3afio L}Vl%q.a@% fonal

cal i brations can 'be performne etot owrate

error. Hosstrardnacordifgdd thotahe ¢adle b drd@ns ottt hppretiatd it vaidarof theFl G 4
coul d be perforned at_a variety of tenperatures. Therefore, if the neasured
t enper aPtasentdgoeentiio:  [6r. ew pogencraed by eapeetanaithe oy rathinedasercownt basadi on

12 8 Lo 5 WG R0 B R TSP B R B R L

error apgmpBesatd OHAtR MG BB eBlor WiReRtthalh fi-e0 €94, TRRPEHAIUh®Sst th Phe BxamTl €.
FIG. 4 where some of the calculations had an error approaching -1.0%. Therefore, it
can be appreciated that the compensated flow measurement is greatly improved from the
uncompensated flow rate.

20 As described above, certain flow rate errors have been discovered that can be
compensated for based on the new flow parameter V/p. The flow rate errors may be
attributed to certain fluid properties, for example. The flow parameter, V/p has been
experimentally determined to provide reliable correlations to the flow rate errors.
Therefore, once the flow meter is calibrated, the flow rate error associated with the flow

25 meter can be determined based on a measured flow parameter V/p. Because the flow
parameter is both easily measured and also provides a reliable correlation, the flow rate
errors can be identified and compensated for using known techniques. Advantageously,
the flow rate measurements output by the flow meter are more accurate than the
measurements of the prior art.

30 The detailed descriptions of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the inventors to be within the scope of

the invention. Indeed, persons skilled in the art will recognize that certain elements of
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Once a flowrate error is determ ned based on the neasured fl ow paraneter
V/p, the flow rate neasurenent nmay be conpensated to generate a conpensated
fl ow r at ewomasumsenent that accounts for the flow rate ePcoruscaboudsated in
step 506. The conpensated fl ow nmeasurenent may be nore accurate by an order
of magnitude or nore. The conpensated flow rate y then. be out put by the
met er e|ﬂ§'c@l?%\f¢r<éf§crzbedoﬁm§9 ty BrRys ripuelyule compiied a1 ‘Qémyl,ateﬁhf@ $eY® rat e
error c : LHE. afor I - fJ.ow
oo or it SHERTRARE oo AR \RhLHPHE ol itk @i EHARR g by 0,
not be g€y atvedtiomatiherill aldoebd hppuremt ® BROEOOL BBYn&e dkgihan elek andhithide
routine 213 may end. This may be true for exanple, if the flowrate error

i s wit hithove-desicabeth embpaimatomay decondhiard Bgwheles in @y to §agate pddifipral

t ' itivit . T ki | d.,.nt c 1 AN di | i
maar s o sRboRlhentt Wil B3 astind @ferifed SR ivetlibhr 7o' LY hr cobol °val ue
and the mﬁé,tdlﬁuhgﬁ s@é@ﬁ@é@ﬁocﬂéh@flﬁdﬁgaﬁ‘%rﬂolb@fdﬂoth\é@ﬂvéniﬁ%taré d&csbepe of

the present invention. FIG shows an exanpl e pl ot of the flow paraneter
V/ p basébdreanfar ilasipgine pugebsésd, oaripas equredsntfreodifications ashposseblbavitpptheci at ed
that the data.jn.FIG. 6 could il.y be sho s.a mass. fl rate.or a

vol ure. $PQRR T4 ptier. 4 pgse s iee) i hepiTetit i Wil sCCORBicsy dre (SRR he
same vatr,| o 0 ol s ing to
N R e RS S I R S e

i nvédt i doscribeGabbveras] gemer mtthel abyongeanyegt figuged. h&cédrdinghygttiee stops of drent
based on the flow rate error calculated using. FIG 4. As can be seen, the
maj oritW&ml%éh@aﬁﬁéﬁ@%@weda&%tnﬁla%f%w“eﬂg6#%111%- less than 0.1% This is
in contrast to the data of FIG 4 where sone of the cal culations had an
error approaching -1.0% Therefore, it can be appreciated that the
conpensated fl ow neasurenent is greatly inproved fromthe unconpensated
flowrate. As described above, certain flowrate errors have been

di scovered that can be conpensated for based on the new fl ow paraneter V/p.
The flow rate errors may be attributed to certain fluid properties, for
exanpl e. The flow paraneter, V/p has been experinentally determned to
provide reliable correlations to the flowrate errors.
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Therefore, once the flow neter is calibrated, the flowrate error
associated wth the flow neter can be determ ned based on a neasured fl ow
par anmet erw@/2p10/Bgnause the fl ow paraneter is both easil pcrassamadsand al so
provides a reliable correlation, the flowrate errors can be identified and
conpensated for using known techni ques. Advantageously, the flow rate
measur efeatMut put by the flow neter are nore accurate than the
maasurewgasdirﬂf the prior art. The detail ed descriptions of the above
enbodi ments are not exhaustive descriptions of all enbodi nents contenpl at ed
by the ilnventomstiod foedwkcihining ficcrseoipe Béw trie of aviend ifloning thdegth a per sons
skilled in the art will recognize that certain elenents ofthe

above- dedvptiimeHowrpedr verpsisigythe iepdaEl y be conbined or elininated to
create further re”blol%i ment s, iarellg ructhurbtret;ﬁer ﬁrrboditrrrents fall within the
scope and teachieﬁ%¥ &> PHE STHTENTPEn ™ MO 1 T Al S8 B apparent to those of
ordinary skill ddlednhifBindrd fitsshAbwii® ARV @edes®rishedisembodi ments may be
conmbined in whole or in part to create additional enbodinents within the
scope and t eachdatgrsiningtahduidrdessity,pn. Thus, al t hough specific enbodi nents

of , and exanples for,.the.invention are described herein far illustrative
pur poses, vari oTRCTEYHHNGA %Wg Vﬁg%iltﬁ'i ¥:P§18% Gt 8‘§'sria£ﬂ’ glevéhflﬂidﬁn?lﬁ'e 8¢ ope of
the invention, as thosg skbbdedof hetisafifs B¥aNLe@ft W I 1 recogni ze. The

t eachi ngs provi degﬂﬁgr e?%gn@}goe aSHF"?rSé %o ot hgr flow neters, and not just
to 1be enbodi nenil@ilaasca flbedaahoster, g babaiwn the fllié valbcappad yhanderfsitgur es.

Accordingly, the scope of the invention should be determ ned fromthe
fol |l owi ng claims. @MAIMS W claim 1. A nethod for deternini ng an error in a

f1ow rate of a il Mg RPHFBA L RELLLEH, FBE R Gompr 51 ng the

steps of: receiVving seffsor sign romthe vi ratlng0 IFow e

determning a first flowrate using the sensor signals; determning a fluid
density, p; determning a fluid velocity, V, using the first flowrate, the
fluid dénsi tyheangthed pﬁgﬂgm al wpeispetheyteyf oft deterviibingtthefow retg arearer ;

gglnﬁl ![ stclorrﬁ ri‘ﬁélesf c!ocr)l\ql\f)al%larllrgatﬁgE%Eﬂla%gdpﬂo%%g%n?er‘c‘erttg% grlexlfjilogsly%lei%?r'ntlr}/edand the

correlation between the flow parameter and flow rate errors.

3. The method of claim 1, wherein the step of determining the flow rate error
comprises comparing the calculated flow parameter and the fluid density to previously
20  determined correlations between the flow parameter and flow rate errors for one or more

fluid densities.

4. The method of claim 1, further comprising the step of:
generating a compensated flow rate based on the first flow rate and the flow

25 rate error.

5. The method of claim 1, further comprising the steps of:
comparing the flow rate error to a threshold value; and
generating a compensated flow rate based on the first flow rate and the flow

30 rate error if the flow rate error exceeds the threshold value.

20



and determning a flowrate error based on the cal cul ated fl ow paraneter.
2. The nethod of claim1, wherein the step of determning the flowrate
error compoisei3ganpari ng the cal cul ated fl ow paranet er PCo/ts2@oe¥i30US| y
determ ned correl ati on between the flow paraneter and flow rate errors. 3.

The net hod of_ cl ai in the step of determipning the flow rate error
conpri s&s corp 5@%@141%%5115 h@aC@mBWIa&rﬂ%ﬁT%t@l&Ofgﬁa%ﬂlﬁ@gﬂﬂw@ density to

previougl 1%(1;% nd flow rate
errors ? o%p%%%?%éﬁ&ggu&ﬁ%ﬁé%@eny | es Sgdlf'ﬁ% th%é%gﬁaﬁ FlglEhrﬁca 1, further
conpri sini@siinee fRili®rngicratgangidad ichgpctatarryzed sat £pirchloomlyr dt@niiased on the
first flowrate and the flowrate error. 5. The nethod of claim11, further

conpri sicagelaren belayendhe flowrmssametgr andilowdaiereatss.error to a threshol d
val us and generating a conpensated flow rate based on the first flowrate
and the flowrate error if the flowrate error exceeds the threshold

val ue. 67, The M@bh@ectBdni&d @0N¥dk.a \flgfatnlﬂgrﬂdwmquumnbmnﬁg £Ppocsifeasuring a

fluid tenperature and adjusting the ow rate error based on a difference
bet ween sydtemr@@¥)urcadightaditd: t enperature and a tenperature used for a

previously determ.ned correl ati t en the. fl ow paraneter and flow rate
B rorar 7 Vot dEcengerghr el solORGM iR gina EY PEHTEDE (10) i nel udi ng
a processing sy, r signals (210) from
the vibrating f@é?vmﬁétgg?htl g;k%gpgig%ttﬁeesegﬁ%%%&]?@\?r ate using the sensor

sighal s (210); dietrerine aé]uaad ténsitgt, pkensity, p; determne a fluid velocity, V,
using the first flowrate, the fluid densit and a physj cal property of

the vibrating f4sernee arfluid xelegitat Vo using e patriionsrade, thyflyiddensiy oind he
fluid velocity a”ﬂhmgal%?&?é&%f tﬂ@%bratlng flow meter;

calculate a flow parameter, V/p based on the fluid velocity and the density;
and

15 determine a flow rate error based on the calculated flow parameter.

8. The meter electronics (20) of claim 7, wherein the processing system (203) is
further configured to determine the flow rate error by comparing the calculated flow
parameter to a previously determined correlation between the flow parameter and flow

20  rate errors.

9. The meter electronics (20) of claim 7, wherein the processing system (203) is
further configured to determine the flow rate error by comparing the calculated flow
parameter and the fluid density to previously determined correlations between the flow

25  parameter and flow rate errors for one or more fluid densities.

10 The meter electronics (20) of claim 7, wherein the processing system (203) is
further configured to generate a compensated flow rate based on the first flow rate and
the flow rate error.

30
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determine a flow rate error based on the cal cul ated fl ow paraneter. 8. The
nmeter electronics (20) of claim7, wherein the processing system (203) is
further cwof2ogused7’t o determine the flow rate error by eocmuseénag4ishe
calculated fl ow paranmeter to a previously determ ned correl ati on between
the flow paraneter and flow rate_errors. 9. The neter, el ectronics (20) of
clai m 7, lwherlée mqtﬁreeqﬁqt&ﬂé@%@%og@g{r% hersin the nracesKee sEHpm éggb’d to
determ r ' f anet er
and 1t he T G R B o A B e R e

fl ow pacanptevatanow lrae basddorethiedirst flow rawandthaflow rhdewrebr dethsiftovesate 10 The
nmeter electronics (20) of claim7, wherein the processing system (203) is

f urt her ceOnexepadethetthregeeldvatus. a conpensated flow rate based on the first
flow.rate and the flowrate error.11. The neter electronics (20) of claim
7, m%erein the processing system (203) is further configured to conpare the
flow rate ermpp rh@eelbdirandtal2d) ¥aéldEn and/h%ﬂ?ﬂ@tﬁo@sﬁﬁg@?ﬂé@t(IQ(B)‘ isow rate
based on the first flowrate and the fiow rate error i he flow rate error
exceeds furtkertchnBgirst do wedasige affiid Wreperetuee amd edjustahe dew(r2@) erodr baked on 7,

wh in th i t 3), is furth fi dt
Fluld t erfidrRnts osaT A Dee et spebre ahd f TEaadahER s LT for ence
bet ween ,tReo IBAgUERRinkl %b&el%ﬁﬂﬂ%é@%ééﬁ%@ﬂgwﬁpatf@rﬁ%f FMPnswuaedins, a

previougly determ ned correlation between the tflow paraneter and flow rate
errors.
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