WO 2011/ 008308PCT/ US2010/ 022758 METER ELECTRONI CS AND FLUI D QUANTI FI CATI ON
METHOD FOR A FLUI D BEI NG TRANSFERRED Background of the Invention 5 1. Field
of the | nweriims3os The present invention rel ates toPaTXiSheiaoea7ys

fl ommeter and nmethod, and nore particularly, to a neter electronics and
fluid quantification haod_f ar | yj.d 1.0 ranster .10 2. St atenment
of "t he "Probl em METERELE OGNS sLiulPoU ATHFICR R M R

fl owmmeters and vibratingFgﬂ@ i PRA RR§Ft € by detecting
notion of a vibrating condui ??Egﬁbg%ﬁ%ggs aﬁéf% ng I?rat erial. Properties
associated wwth the material in the conduit, such as mass 15flow, density
and the |ike, can be determ ned by processing neasurenment signals received
from notion transducers assocBagkgroundef thelnvendiont . The vibration nodes of
the vicbrating material-filled systemgenerally are affected by the conbi ned
mass, “stiffness and danpi ng characteristics of the containing conduit and

t he mat erj aFjerpotdb medniiberein. 20A typical Coriolis mass flowreter

i ncl udes one or nore conduits that are connected inline in a pipeline or

ot her tr ansporthesyssenmimmedtionnelatgs haa ebiratory Sowymetdr|and agsthed, andineere
emul si ons, an he Iik i.n the system Each.conduit be.viewed as

vt no_a Hasade arfier i e detior 08 Ao T G AG1 BPY e Do o
bendi ng, ¢RkfiQal, radial, and coupled nodes. In a typical Coriolis nass
fl ow measurenent application, a conduit 25 is excited in one or nore

vi br d0i on nodes as a material flows through the conduit, and notion of the
conduit is peasured at pojints spaced along the conduit. Excitation is
typicalIyzp$6VWH@6QB@eéﬁvé tuator, e.g., an el ectronechani cal device, such

as a voice CoiyplMRe igUfkendof@ludeid (3'6@81651 &gsscﬁ)&gﬁ’l'e{er% Qn@vi@?e[dn%d' ¢
fashion. Mass 10w rate nay]be det'er m ne y neasuring time delay or phase
di f f er encRasipghwean typitdlignseddte bh@eR0tihg avsduedn Jibehj oosduilthat serthing
transducers (or pickoff sensors) are typically enployed in order to nmeasure
a vi br at iofevingasperisle yppemies pisogiatashuiih theonaigpabin the conhdt, sueh asippssal | y

| ocat,ed osj tions tream and downstream of .the actuator.. The two

ot kdpr W BOETH DRI R AT IS aR bR b B RSB RL YT el oot r omi o
i nst r umenbadil@NfrohhBotiis rapdiRI0EB ak QR tEF RiithaBe ShittRAY. STHe ABRakBE nhyes Rif Ckof f
sensors and processes the signals in order to derive a mass flow rate

measur engh¢ yibaatorgymetehigl-fillad ngsgem\deberatlpaye dfffentebbye the, canmlohedlimags, Cori ol i s
mass fl oweters densitoneters, therefaore.enplay.one or nore flow tubes
That ar o SUMErACHa P I0E daor e masaBe Sompiit Condtic B RO ef or's o
the practdgeif @kﬁgﬂng and transferring marine fuel oils, which have cone
to be known as(%un er fuels. For ship fueling, |large anounts of fuel may be
tenp@oarily stAtgdcillCaidiamgssdlovahdéter inchnriesioneor fnore tdelups tipnaee of
transferring fuel fromshore to a ship. A bunker rmay be | ocated on a dock
or ot her §98RectedEiMRy a papeling owginas dragspart exstasy and oy BRtegl g rfBfidsel i ng
vehi cl e. i i , f. r ' i '

erpt y- £ ul T DB A tad s, 4 Bhe FRART ERBNLor A hE PIREL 380080 ¢ e

fuel . set &Y hdtirad i ibritie] modés, Mulkdhg fer cxaiipdslsiaple beaded, @asiymdlUmgidli C
tank neasurenments and a reference density typically obtained by |aboratory

sanpl e. lasdicoupledanodes. dma tBeadflcrredsengeiliv measusmeahanmlisatagre a conduit
1) ongon st SRt Mook Ll ShBhe e B Rk
motion of the conduit is measured at points spaced along the conduit. Excitation is
typically provided by an actuator, e.g., an electromechanical device, such as a voice
coil-type driver, that perturbs the conduit in a periodic fashion. Mass flow rate may be
determined by measuring time delay or phase differences between motions at the
30  transducer locations. Two such transducers (or pickoff sensors) are typically employed
in order to measure a vibrational response of the flow conduit or conduits, and are

typically located at positions upstream and downstream of the actuator. The two pickoff
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measurenent. Prior art neasurenent accuracy depends on many factors,

i ncludi ng tenperature, pressure, the presence or absence of entrained gas,
di p tape woasu/@s®at error or uncertainty, tank vol une BQTAISR@EI0OR2758
accuracy of conversion tables, human 20 error, and how wel|l the density
sanpl e represents the a(\{eralge bat ch densitiy, f%r@.exarrpl e. .Further, heavy
fuel oil SCHERD) atehoRaceed & ¢I5et9RC RpdumEniaiions J hedRYBHBTRRLIQRIFCE¥Bar at e and
have diffg %rﬁ'ikt frdGNEE Wvﬁéick% RS %hﬁ?pr&%&e}s%éi%nﬁ?ﬁ?mfdbpw dhAla fhgsdt he
nost inportant measurenent for a tuel "transter operation, the density and
vi scosi t yfl@v eatahsas@esiehg@dmong dileaythiage. Miatdraflownmetesainchirisn©Coridhs t he
quality or grade of the fuel oil. Generally, the higher the density and

vi scosi t ynasselqvaneters 3 dpnsitpmgters thageforgemploarang or grrsgiflonyeibss thaeai ty and

viscogity .Js. essential for ensyring that the ideal fuel for a particular
engi né i sVlEt)J%(tae .lﬁloﬁ&%rgail??aélﬁr,e a %lﬁi‘st onmer wll want to determ ne how nuch of

a fluid transfBinkesing@éfete@d. thSpfadtide Qﬁithiigg BAd transfedihg Madisafiel whgt her t he
fuel is being intentionally aerated in order to increase the apparent 30

vol ume ofwhikk hivetometmbe ledwi es banker fuels.| Rot shép prdliog, krge ampents of fusht

met hod for d tfrm' ni n]%esﬁhe bunéer fuelt's de sit)f a&d Vi SCOSih{i is to take a
Sanpl e dUPPhEC FPTHRISIR] TR BRI P A FORBHETITRT S PHTIOSE O B

2011/ 008%@1&%&%@8&%&%@3 58 M%ela&ay ¥e 'lécatehcmrpﬁ hlea@gﬁ)ﬂagr HEPRLALQT ¥r

anal ysis typically takes several days and the fuel w e on the ship and
bei ndOusedappe tiraied biyraebargeiot dtber refusdingoichidl@nBsring betkatng the faet anks,

| eaving the | ower grade fuel wth the ?L{l hest viscosity and _density at the
bot t om of MEFETARGNE UVt (RENIHISGh AR CHPAY @em@f baehing Precsss, aNowiRgEds Qanpl e

cannot ca[%%%lg ekﬁﬁin@?hﬂ}?e%eﬁemi ty or viscosity of an entire batch.

Aspects o nvention In one aspect of the invention, neter

el ectroni cs f drrictuaifuef ¥il Bankeerfigihethbéd arg Hak@hsi eslatkutompkins@surchibas
interface configured to communicate with a fl owmeter assenbly of a

vi br at or yanfllagigfserge dengdity Bmégally obtained by labemtorespuine eboelqap zia'qiew@ssi ng

t |l ed to t.he interf d fi tQ; I fl
> and n dbRSLy Rpuf msin EhpRES aRP iR B T b PeteBRRCHR Fofy Ml Ripe 4" ¢
transf er ;deliveRUaunkeerukf, in Bénjlhdtidh WItRAIARK Ich8l MeRusehait od dehiappg the
predetermned tine portion (ti); if the predetermned tine portion (ti) is

non- aer atreehsutdmeentadtdonan ohaaveredens a¢oprgmyatbpends orpbpny dacters ainclndinigat ed
vol unme- densi t roduct (v, Paccu and add t.he vol unme flow (i), to an
nccuml at PGP PESE Aaracael SR Rt Eondh dar Hcagretnent
oL SR R PR Al [y AlE L I g 9
vol uz® f |eomer(ank) laoe well)the density sample represents the average batch density, for
example. Further, heavy fuel oil (HFO) tends to stratify over time, so components may
separate and have different densities, viscosities, etc.
While mass flow total is the most important measurement for a fuel transfer
operation, the density and viscosity are also desired, as they are important indications of
25  the quality or grade of the fuel oil. Generally, the higher the density and viscosity the
lower the quality of fuel delivered. Knowledge of density and viscosity is essential for
ensuring that the ideal fuel for a particular engine is used. In addition, a customer will
want to determine how much of a fluid transfer is aerated. Such a determination can
indicate whether the fuel is being intentionally aerated in order to increase the apparent
30  volume of the fuel being delivered.
In the prior art, the current method for determining the bunker fuel’s density and

viscosity is to take a sample during the bunkering operation and send it to a laboratory
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Preferably, determ ning the non-aerated vol une-wei ghted density

(Pvol -wei ghted) for 25the fluid transfer occurs after a fluid transfer end
si gnal i swpeoH/ 0988 Preferably, the processing sysPemussomoeiher
configured to conpare a vibrational response of the predeterm ned tine

portion (ti) to.a determ ed aeratiqn thres ol d and de rm ne
pr edet er fPhaeplYYitre ngrfqnam 2y Orﬁf@%énajxfrlafs@ac B (G N Goh t{‘%g‘ﬁénse
fails th d. essi ng
yst om i & LR e HerRPEhRAAL L by MR Rl  FufE Hht oA, BB ERE ™ 2
aerat ed ttnalos feaning the ldwagiradefik] withttht highksttvisodsippbhd dassitytdt theoobottdne f1 ui d
WO 2011/ 008308PCT/ USZOl,O/ 022758 transfer to obtain a total transfer tinme (t
) and detafithe F@é‘kélﬁ g bigheinaualify: fuchat '(hteé@p atiedngle sanplegannofecagtira they
transfer tine at ed) . di.vi total transfer time (total)

Pr ef ersablaveralgﬁe %ﬁé’cérs\élgcnﬁltg 09? r%ggr rli her configured to total aerated
vol une flow (i), ) values to obtain an aerated volune flow (Vaerated),

total all volume flow (i), ) 5 values to obtain a total volunme flow
(Vaerated/ Vtot) as the aerated A&Henmffthg\lmemimnt ed) aerated) divided by
the total volunme flo Pref t he pr.acessi stemis
Further cont | JOREA BBt BirilKenioRp BT S8 TOHES 1 Syie PP EadLes BrRga ¢ i e
portion (t{-e)n,sfelnfedtcla é,qfsggeterm ned time portl on (t) is non- aerated, then
add a vol une-tenperature product (i), T) to an accunul ated vol unme- 10

t enmpdPat ur e pranduttface pofagoed)q canchudehtrwithe flowinetenassambty of a

vol unme- wei ghted tenmperature (Tvol weighted) for, the fluid transfer by

di vi di ng the accumif! VEOIRE f%‘fﬁjp@(cﬁ]t"ﬁtae"l raBBHQtres(HOPS@I‘ #8€um by the

£
accunul at ed Vgel u}:g%gess n%\égggf%ﬁfz%ﬁ{{p%&f &L Ak dace c ﬁ%ﬁlﬁgﬁ&%{'t{}g systemis

further confi nver e non-aera wei ght ed density
(Pvol -wei ghted) 15 rM@dsufeea \A@mq{et@@lwer)mﬁaatdmelt& @lpfor\agjrgdﬁt@ﬂilned time
e

Preferably, the processing systemis further confi gur to obtain a fluid

viscosity (i) for the prragbe(tyiofe: fluidargefdj on (t), if the predeterm ned
time portion (t) is non-aerated, then add a vol une-vi scosHy roduct (Vi i)
to addaccumul at ed \steringfdbo8iidraséaitpon “Rietgrguringhe Equ@

non- aer at ed vol ume- wei glﬁ ed vrltscgf%ty (vol -wei ghted) 20 for the fluid
transfer by dividing the et atied” vol une- vi scosi ty product (Vaccum by

the accumul ated voligfR frb@MertnVass Hifle JOr8e (3¢ Hon-hbatdd HeasIdRG chydbem i s
further configured to receive the viscosity (i) froman external source.

Preferably, the processidegsisyptoeluci ), plitd meacaionflatgd vetini@densay predudie
viscosity 25 GO with the vibratory flowreter.
(V Paccum) and add the volume flow (v,) to an accumulated volume

20 flow (v, ); and

determine a non-aerated volume-weighted density (pyolweightea) fOr the
fluid transfer by dividing the accumulated volume-density product

(V Paccum) by the accumulated volume flow (v

accum )-
Preferably, determining the non-aerated volume-weighted density (pyolweighted) fOT
25  the fluid transfer occurs after a fluid transfer end signal is received.

Preferably, the processing system is further configured to compare a vibrational
response of the predetermined time portion (t;) to a predetermined aeration threshold and
determine the predetermined time portion (t;) to be aerated if the vibrational response
fails the predetermined aeration threshold.

30 Preferably, the processing system is further configured to total acrated time

portions to obtain an acrated transfer time (t,.:eq), total all time portions (t;) of the fluid
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Preferably, the processing systemis further configured to obtain a fluid
viscosity (i) for the predetermned tine portion (t), if the predeterm ned
ti me portworo(1opsio8 non-aerated, then add a vol une-vi sc@sirtus2@00276%
(1),11) to an accunul ated vol unme-vi scosity product (i)

fiaccunm) 9 deternm ne a non-aerated vol une-wei ghted vi scosi )

(1.ivol- v%n@fﬁréw%%}a ROk G (rathSpaic a}e\ﬂnoq%ﬂ%ftéz%@@unm at ed

Vol ue- vi(gcoski ) RIAGUSLI PRIt & | FORHI B0 B el WA B (1 Lccum

and converf“fh&"'non-aerated vol u

2011/ 008308PCTrtis24b10/ the prduBssing epsérh ys {ultheo tonfiigbd adiptd] acatst wiidawed

vi scosity val ue using the non-aerated vol une-wei ghted temperature

( Tvol - weifdiv €u)) values te pbigiearagraied vefurah8owrvent.d b intaladt eqluaiedtaw onics f or
quantifying a fluid being transferred conprises: 5an interface configured
t o coAmuriadesdo wbtain a tatplovarteme floas senblapd @etegmine an agraiaa Bagfion ownet er and
receive a vibrational response; and a processing system coupled to the

i nt er f acd Vand: /denfdsghe aerated: volwas oy @ .v.ol h‘ﬂﬂﬁld‘ea(hw the yotal) valgme glow (v, ).
predetermned tipe portion (ti)) of the fluid transfer; 10obtain a fluid

vi scosity (11 iBrefesgblyfhe pracgatiog myshem it furdepeenfigied 1 gbtaige epeREULef t he

fluidt f ' - i: t h ' L 1] - i: ti);
1% e gl RO AR S L 0P R SHBLEETBE Pl B BR 0o
vol une- vi a%@aaéd,ttuerpéd&dméluﬁﬂe)near%)e}atﬁ@ RBdEE ¢ W) @t f0acé@hiulRed/ SlaaRL t Y
15product ( 1) [laccum and add the volune flow (1), ) to an accumul ated

vol umg fliemtipElaturapeodiet £F T 1E), anddBteaimRtLebn Sdrbivl VoRiBe dechte$ cosi ty
,o0l -weighted) for the fluid transfer by dividing the accumul at ed

vol ume- vitewpsiatyre g Fadugct.a\ 10y thd Beidurgnsizy by evidinguthe hegusaulosd vedurh¢-ow () .

20Pr ef erabl y, determ ning.the nonp-aerated vol yne-vwei ghted viscosity (ti
r-vol - mﬁ@@ég@%rp é’FOrquf%(‘?Tmug) by gﬁ#@‘ﬂmBﬂagﬂf‘éoli‘éW\é\l%v‘gP‘fahwi)d transfer end
signal is recejved. Pr ef er abl th rocessin stem.is furthe
Cont i gured t o BIBE B prosFaTPEREeD &S BuRSECRTTHEd Y bt s netrarig
portion (folimbSy@smEEdetSiyhn _OLig ey /fd @Andha AeRglydy Andudes fedheadrited
predetermned tine portion (t1) to be aerated if the vibrational response
25f ailbs twodupe-edegleedimeptramratli.qn.itbneshol d.
Preferably, the processing system is further configured to obtain a fluid viscosity
() for the predetermined time portion (t;), if the predetermined time portion (t;) is non-

aerated, then add a volume-viscosity product (v, ;) to an accumulated volume-viscosity

product (V Haccum), and determine a non-aerated volume-weighted viscosity (Lyvolweighted)
20 for the fluid transfer by dividing the accumulated volume-viscosity product (v taceum) bY

the accumulated volume flow (v

aceum )"
Preferably, the processing system is further configured to receive the viscosity
(u;) from an external source.
Preferably, the processing system is further configured to measure the viscosity
25 (W) with the vibratory flowmeter.
Preferably, the processing system is further configured to obtain a fluid viscosity
() for the predetermined time portion (t;), if the predetermined time portion (t;) is non-

aerated, then add a volume-viscosity product (v, ;) to an accumulated volume-viscosity

product (V Haccum), determine a non-aerated volume-weighted viscosity (Lvol-weighted) fOT
30 the fluid transfer by dividing the accumulated volume-viscosity product (v taccum) by the

accumulated volume flow (v, ), and convert the non-aerated volume-weighted

4
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Preferably, the processing systemis further configured to total aerated
time portions to obtain an aerated transfer tine (t -aerated) 9 total all
ti me portwonsiyaws3iosof the fluid transfer to obtain a toralr/usc@nstmssti ne
t(total, 1 and determ ne an aeration fraction \ (taeratedlttotal) as the

aeratedtransfer tinme aerated) divided by the total transfer tine a 1\
total, %Wé’ftléﬂévbl}wylghtesﬁé INBEBEYiREPsEY SPUIA Y4 g e RBracEed VeUR¥d to total

aer at ed e f {u% 7 val ugs to obtain an aerated volunme flow (1)
t
aerated), él fi élﬁ% VO Fre“’Lf“ie‘ W (1), ) WD 2011/ 008308PCT/ US2010/ 022758

val ues to obt dnrona akpdcabf uel inventfonpmeler-elgctiohick foaqehntiéiag mifhed dsinger at i on
fraction (1) aerated | 1)tot) as the aerated volune flow (aerated) aerated)
di vi ded diansfeeredgomprises:ume flow ( -1)tot ). Preferably, the

pr OCE?ZI n-g SySE{l’leil’rReI'PaS? ?0&%;51{1”?? Ongqllg]?]ﬁlglca%ee\ﬁ %10%/1%8126 er{g)r%gmg urtea ( T) for the

pr edet'er m ned ermne r2ibn (ti) is

non-5 aerat ed, ther\n@ﬁiﬂ)@ fMONTHE®r ﬁﬁ%@é@%%ﬁ@br@h@ﬂﬂ%sﬁo&ﬂ;e ahi to an
accumul at ed vol ume- tenperature product (-1) Ta"un), and determne a

non- aer at ed vol proeeswggYsEth @@W@tthemteffmandmogﬁgewﬂtﬁor the fluid

transfer by dividing the accurrul une te erat ure produc =1) Ta"um
by the accumul at ed ‘8%%58%3 Y‘PIB\WG( ? éctjeﬁf‘r}’redet mined tirpg P@Wélb(hlgf‘ﬂaﬁ

processing systemis fur gt COfan gured to convert the non-aerat ed 10
vol ume- wei ght ed vi scosi t ransier

[ vap_wei ght ed) t qiaidbandarscsiiBrQs) oY tabiGetishingd R RRNORRL): at ed

voI urmre- wei ght ed tenperature (Tvol -wei'ghted) Preferably, the processing
systemis further atendrirgue gdh¢ Junisasisfe mndtelasnate;d dyping thepradeermined
predeterm ned tine portlon (t), if the predetermned time portion (t) is
non-aerated, then add a %?Hﬂ%loé‘éﬁ)snty product (1), pi) to an accunul at ed

vol ume- densi t y 15pr; glﬁ‘{é&}rfﬁet di‘hm%ﬁfdilggr?ﬁg% %ﬂ' ﬁ?ﬁté?lo et e\%l%me-

vol une- wei ght ed den wel g 'urd trans

dividing the accumul at ednmlsiﬂyrprdimesw i) R6 @fueturidihted vabatE-Miscbyitt he
accunul ated volunme flow ( 1)accum).

15 product (v lyecum) and add the volume flow (v,) to an accumulated

volume flow (v, _); and

determine a non-aerated volume-weighted viscosity (Lol weighted) fOT the
fluid transfer by dividing the accumulated volume-viscosity

product (v Uaccum) by the accumulated volume flow (v

accum )-
20 Preferably, determining the non-aerated volume-weighted viscosity (Lvolweighted)
for the fluid transfer occurs after a fluid transfer end signal is received.

Preferably, the processing system is further configured to compare a vibrational
response of the predetermined time portion (t;) to a predetermined aeration threshold and
determine the predetermined time portion (t;) to be aerated if the vibrational response

25  fails the predetermined aeration threshold.

Preferably, the processing system is further configured to total aerated time
portions to obtain an acrated transfer time (t,eneq), total all time portions (t;) of the fluid
transfer to obtain a total transfer time (t,), and determine an aeration fraction
(taerated/tiotal) @s the acrated transfer time (tueraeq) divided by the total transfer time (tyop).

30 Preferably, the processing system is further configured to total aerated volume

flow (v,) values to obtain an aerated volume flow (v, ), total all volume flow (v,)

5



Preferably, the processing systemis further configured to neasure a
density (pi) for the predetermned tinme portion (t), if the predeterm ned
ti me portworeo(iopsio8 non- 20 aerated, then add a vol une- @emaistgropeydgict (1),
pi) to an accunul ated vol unme-density product (i) o accun) 9 determne a

non- aer at ed vol upe-wei ghted density (Pvol-weighted) for the fluid transfer
by di vi diwguetsﬁgo %mm%ak\éﬁu%mgmh@éﬁeﬁwn%qratl%l UM accumul at ed
volunme flow ( j)acatm), and convert the non-aerated vol une-wei ght ed

density (Feemes/ Vi) 3s the aefa?'aw(ﬂ?u%' Wt @@ et dlé{ldsefigwdg? @t@e@vmﬁ Y G s ng

t he non-aerated vol yne-wei ght ed 25t enperature (Jvol - wei ght ed

Preferably, t ée%‘f%lﬂ&st&? ﬁ@ocgw%ﬁaﬁt@nfl%fwrﬁﬂ@r C%r&{ﬁqramoe @%st@%ﬂr@he

Vi Scosi t : GOy NP S ihpg-
oyotom i ATP0% [RPrE BELBnCIRMIGR (1), if the FEBCEHARICN il YorBRRECRHBE. | o1

f | owmst eracrai@d, nh@ngdds pelainestenipeeatinme\peoduc@ iy, 1) fol dh sbcqumanited velaticon net hod
for a fluid being transferred conprises: WO 2011/ 008308PCT/ US2010/ 022758
measur i nge@pei@abwd®rédu@i € T).q.,), ahdde@rmpinedeier-araed voluree-pighted (t) of the
fluid transfer, with the neasuring being perforned by a vibratory

f 1 ownet ertem@etdHfi(hiongieiud) 108 &1e fluiddrans fon oy shividingtbe ag@railagdaohimer t he

predeterm ned tine rtiron (ty.. LI the determned tinme.portion (t) is
non- aer at 8161,1’@&3%%8 p&%C%" a“x?Bi ?Pﬁ'g]-ec?g ﬁ%‘f‘lﬁ{??%f%"gﬂ% “5 gvarﬂm )t o0 an accumnul at ed
vol ume- densi t t n LN I I to an
accunul at _ed V%Rrgirﬁ?g%ff’ot\%g %’ }O.C%Sg@% %elﬁé%%ﬁ%‘% ggnnf]ﬁ gu?%dg;Poagoﬁﬁ{té@%;vg_é%%era}ed
vol ume- wejoiithesvegmed tikcodity (Y Qg e tohtHdardQidcanisy eslubyisio\hehag t he
accurul at ed vol une-density product (1) P. by

aerated volume-weighted temperature (Tyorweighted)-

Preferably, the processing system is further configured to measure a density (p;)
for the predetermined time portion (t;), if the predetermined time portion (t;) is non-

aerated, then add a volume-density product (v, p;) to an accumulated volume-density

15 product (V paccum), and determine a non-aerated volume-weighted density (pyolweighted) fOT
the fluid transfer by dividing the accumulated volume-density product (v paccum) by the

accumulated volume flow (v

accum )'
Preferably, the processing system is further configured to measure a density (p;)
for the predetermined time portion (t;), if the predetermined time portion (t;) is non-

20  aerated, then add a volume-density product (v, p;) to an accumulated volume-density

product (V pyecum), determine a non-aerated volume-weighted density (Pyolweighted) fOT the
fluid transfer by dividing the accumulated volume-density product (v p,eeum) by the

accumulated volume flow (v, ), and convert the non-aerated volume-weighted

density (Pvolweighted) t0 @ standard density value using the non-aerated volume-weighted
25  temperature (Tyorweighted)-
Preferably, the processing system is further configured to receive the viscosity
(u;) from an external source.
Preferably, the processing system is further configured to measure the viscosity
(1;) with the vibratory flowmeter.
30 In one aspect of the invention, a fluid quantification method for a fluid being

transferred comprises:



t he accunul ated volune flow .1)accum ( [/ for - Preferably,

determ ning the non-aerated vol une-wei ghted density (pv0l,,ghted 1 for the
fluid tranefzeri/ooswars after a fluid transfer end si gnhal PC3/USe®ioyEds
Preferably, determning if the fluid transfer is non-aerated conprises

conparing 15a vibrational response of the predetermned ti ortion (t) to
a predet er mi ndBCHEFAE AIRIYAE S8V gorﬁd‘ ryed<ieIAg 5@@%%&5@3% ﬁ@ﬁ tine

portion (t) to be aerated if the vibrational respgnse fails the
pr edet er ni ned aerattfaélﬁ%eEh‘P’E{élﬁl?ﬂ lgjeasuring hﬁf@r@rmﬁ VeV IREA Y PUEteEr

conprises tot gkehif@Laf 6 rhliffaRt! Is%ﬁ-a‘e‘i’i@ggﬁl‘gﬁ%% ﬁ@&&&fﬁn&& ﬁf}ﬁf ter time

(t totaling a i me
portions (t) of thedifion ¢t;)iransfer to 20obtain a total transfer tine

t(total/19rm and determ ning an aeration fraction (t \aeratedlttotal) as
the aérated trhHerspdatprmined timearoatieit)ds prraeratagd, thea addinga Yolumst er ti me

t \ total Pr ef bly, t thod furth i t ot.al i t
Vol une 1 row (15 CRitie'aelt BT Ay ST DA R RSP e B Py
totali [ 1 I f.l ow. (1 I t. bt aj t al I |
D) tot S, “and det ettt he AR BRF OB PuRel Ry (ot ne
aerated vol ume fl o;/%]gaerat ed) divided by the total volune flow ( -1)tot ).

Preferably, the ne hod furt her conprises obtaining a tenperature (T) for

the predet er mdesantihiig antdc@Med hlund-wehdtd @IRIte (Hl,NEY.) faBtHAMdiHoN ()
is non-aerated, then adding a volune-tenperature product (1), T) to an
accurtll at ed vol ure-traswiees batdividingr thd aecunilptetamtumg-deaniey predestitvmi.ag) by

e el USRI S STRRLSEHis (- Y0
Preferably, determining the non-aerated volume-weighted density (pyolweighted) fOT
the fluid transfer occurs after a fluid transfer end signal is received.
Preferably, determining if the fluid transfer is non-aerated comprises comparing
15  avibrational response of the predetermined time portion (t;) to a predetermined aeration
threshold and determining the predetermined time portion (t;) to be acrated if the
vibrational response fails the predetermined aeration threshold.
Preferably, the method further comprises totaling aerated time portions to obtain
an aerated transfer time (t,.raeq), totaling all time portions (t;) of the fluid transfer to
20  obtain a total transfer time (t), and determining an aeration fraction (tieraed/tiowt) @s the

aerated transfer time (t,emeq) divided by the total transfer time (tyy).

Preferably, the method further comprises totaling aerated volume flow (v,)
values to obtain an aerated volume flow (v, ), totaling all volume flow (v, ) values to

obtain a total volume flow (v, , ), and determining an aeration fraction (v /v, ) as

tot aerated

25  the aerated volume flow (v, ,) divided by the total volume flow (v, ,).

Preferably, the method further comprises obtaining a temperature (T;) for the
predetermined time portion (t;), if the predetermined time portion (t;) is non-aerated,

then adding a volume-temperature product (v, T;) to an accumulated volume-temperature

product (v T,ccum), and determining a non-aerated volume-weighted temperature (T,



wei ghted) for the fluid transfer by dividing the accunul at ed
vol unme-tenperature product (1) Taccurn) by the accunul ated vol une fl ow

(1)accumwo 2011/00838ef er abl y, the nethod further conpri sesTasamentizng t he
non- aer at ed vol unme-wei ghted density (n

vol -wei ghted) to _a standar ensi.ty val ue using.the non-aerated ’

vol ume- 5we@qwt%a tfteefitaart@p égy%ﬁﬂ%&éﬁ@ ﬁ%@a}uliﬁ%éfve URRG-{FMRGTRVFRRTREAECH ur t her
conpri ses .Gbt ain| i i p). for the predeterm ned tine portion
(ti), if Vﬁg”ﬁ])gygﬁeerg?ﬁ neggtt%lhkn]éh“{é%érplbgr@(ctwry is non-aerated, then adding a

vol Ute- vi SCos!urepiAguRE nicHod Amhet oAPr ARGV A Gt Y AU TEIISGARREY

product (1) fiaccu etermning a non-aera vol unme-wei g

vi scosi t ywéightedldensityolpt £0)ondPtos stahéartildehsityt vans tigng blye tonaetated viohene-
accurnul ated vol une-vi scosity product (1) Ilaccun) by the accumul ated vol une
flow f ackeighted tempgpgre (Bblwigeobt ai ni ng the viscosity (11i) conprises

ecen V08, 0% MLRERTL s By LA AL SRRt A v cosicy

Preferably, obtaining the vis es neas
(1,11) 1reddebniingd Miderir@ow (tf)] @wmEpRbetehRbe tidld portibh €t e hbatetadsd her
conprises obtaining a viscosity (I11) for the predetermned tine portion
(ti), if théreagdingetvetumaretcosityeprpdudti(onu) toi dn dosumohntedyeltied;visdoeity addi ng a
vol ume-vi scosity product (1),11,) to an accunul ated vol une-viscosity
product (Prpdddt4e guad), Indelctormining g nanresratedralugw-voighred-wigdogiy éd.wiigeosi t y
, (4Q1-weighted). .for 20 the .fluid transfer by dividing the accunul ated
ol url vi ol 1 SRBufSE by AEHE e AeamiTad S G teOTD PG 4l Loty D
converti r}getdﬂ,g_‘ Qt‘eﬁ%ﬁﬁﬁéjﬂé{?zl(%”e‘ ighted Il ccaeumy - viscosity

T

(1.ivol-weig to a standard“¥fscosity val ue using the non-aerated

vol ume-wei ght e fIMEer Hikihf tﬁg%s'cwﬁ-{yg@@%prge? Irec_eiviné &e%&o@ﬁ?ﬁ@ of the

invention, a fluid quantification neth for uid being 25tra erred
conpr i sestromeasutdrng saurcel une flow (i), ) for a predetermined time portion
(ti) of the fluid transfer, with the measuring being performed by

vibratory fl oete&bly gitainHigge yisgpebodi§erintisey niegruringeths visgasisy m%ed tine

portizQn (\1iy) ; . mning if the fluid transfer is non-aerated
duri r%g t h\;éft%}:heed\,el?grtor%’r{]eoﬁl&% 30portion (ti);
Preferably, the method further comprises obtaining a viscosity (u;) for the
predetermined time portion (t;), if the predetermined time portion (t;) is non-aerated,

then adding a volume-viscosity product (v, ;) to an accumulated volume-viscosity

product (V Haccum), determining a non-aerated volume-weighted viscosity (Lyolweighted) fOT
20 the fluid transfer by dividing the accumulated volume-viscosity product (v Uaccum) by the

accumulated volume flow (v, ), and converting the non-aerated volume-weighted

VISCOSItY (Llyolweighted) tO @ standard viscosity value using the non-aerated volume-
weighted temperature (Tyorweighted)-
In one aspect of the invention, a fluid quantification method for a fluid being
25  transferred comprises:

measuring a volume flow (v, ) for a predetermined time portion (t;) of the fluid

transfer, with the measuring being performed by a vibratory flowmeter;
obtaining a viscosity (L) for the predetermined time portion (t;);
determining if the fluid transfer is non-aerated during the predetermined time

30 portion (t;);



WO 2011/ 008308PCT/ US2010/ 022758 if the predetermned time portion (t) is
non- aerated, then adding a vol une-viscosity product ( -1),1,4) to an
accurul atwo 20oloesa®8vi scosity product (1) fiaccun) and asdirns2aiem2a768 une
flow (1), ) to an accunul ated volume flow ( ); and 5determining a

- ted val -wei ght.ed vi it : | - wei.ght f the fluid
[ anctor by it HATHGAAEN B Hi Bren GOl LPRToPeiss IRy BHBSATOTE  accurn)
by th | at ed - 1Nj th
o aor at od vol ume-ASToNY B GrLEs e Tt SRR (bR, | 1P,
f f Ty : ' |1 [ :
transter occurs artgr, a a%f{i%@}%@?lﬁé ¥ c}utﬁ{égf}]o;&# gP9to i al&RTINRY yolume .

10Pr ef er abl y, det er'mAf ul i'S non-aerated conprises

conparing a vi bratif?&gk-re@pgﬂfe of the predetermined tine portion (t) to a
predet ermi ned aeration Y#teshol d and det er ni ni ng the predetermned tine

. : ; : ' e '
portign (t) tche?&nﬁﬁh%faﬁﬂ)rﬂ-ierétlgﬁ VSl abeiedd 61@?66%?:23%{_&{%&5) fr?gt e fluid

predeterm ned aeratio reshol d. Pre

conpri ses totaling teskdrég dividingohe htamsulbredolahe-vissasityaerodtied vipangf er
time (t _-aerated) 9 totaling all tinme
portions (t) of théythaiagcurpgateteaiolyme fovaditn.altotal transfer time
total,19rm (tand _determ ning an aeration fraction (t -aeratedlttot al) as
the aerated traeratlytdotermipingdbe Rew-gyragndydeachyeighied vicasing tansferdt i ne a

1l -total, Pr . fHrt her. nr.| totaling aerated
vol unme f If8\r/vth(e Slul\ﬁl)a'iﬁ% %gf;e?? J(3:)(‘){1’5 %@%ﬂa@%ﬂ%ngf&ggﬁ@gﬁﬁgng@g %’%\?vée ".1." aerated)
totaliong al | vebfsrEbl| dsterbiihing)if Ml fUaE tlafs P RoAL dbrd@ed @bRprive doMBpdiingw (

-1)tot ), and determning an aeration fraction ( .1.'aerated tot) as
a vibrational response of the predetermined time portion (t;) to a predetermined aeration
threshold and determining the predetermined time portion (t;) to be aerated if the
vibrational response fails the predetermined aeration threshold.
Preferably, the method further comprises totaling aerated time portions to obtain
15  an aerated transfer time (taeaieq), totaling all time portions (t;) of the fluid transfer to
obtain a total transfer time (ty), and determining an aeration fraction (t,ered/tioral) @s the

aerated transfer time (t,emeq) divided by the total transfer time (ty).

Preferably, the method further comprises totaling aerated volume flow (v,)
values to obtain an aerated volume flow (v, ), totaling all volume flow (v,) values to

20  obtain a total volume flow (v, ,), and determining an aeration fraction (v /v, ) as

tot aerated

the aerated volume flow (v, .) divided by the total volume flow (v, ).

Preferably, the method further comprises obtaining a temperature (T;) for the
predetermined time portion (t;), if the predetermined time portion (t;) is non-aerated,

then adding a volume-temperature product (v, T;) to an accumulated volume-temperature

25  product (v Tyeeum), and determining a non-aerated volume-weighted temperature (T,
weighted) fOT the fluid transfer by dividing the accumulated volume-temperature product

(v Taccum) by the accumulated volume flow (v

accum )'
Preferably, the method further comprises converting the non-aerated volume-
weighted viscosity (Lolweighted) tO @ standard viscosity value using the non-aerated

30 volume-weighted temperature (T o weighted)-



the aerated volune flow (aerated) divided by the total volune flow ( -1)tot
). Preferably, the nmethod further conprises obtaining a tenperature
(T) for twe2prigwesoer mined time portion (t), if the predeceruseoled217ssre
portion (t) is non-aerated, then adding a vol ume-tenperature product (1),

T) to an accunul at vol une- t rature 25 product (- C , and
dZaterm' ning a Brefer ggYéB%@%]&?‘ﬁﬂE&%F%P@%FSﬂE%BF% ardén%%éi)# @1 Cghted) for
the fl ui roduct
(1.) Tacgﬁ%&?géaﬁé waﬂgﬁﬁgqQ%é%ﬂvJﬁﬁ%%a##%%&%H%%%%gﬁﬁ#?WBQBQEHEre erably,
t he met hatbvimetehar thegmpddtemsined tivergortign {thes nomaaatdal ¢tn\waldinger vaugiet ed
viscosity (1] r-vol -weighted) to a standard

vi scosi t ylopaltuBrodsriiy: eihte fibsccaandated velymeotenyity weediist eupsenpandt ur e

(Tvoi _wei WO 2011/ 008308PCT/ US2010/ 022758 Preferablg t he met hod
furthér cSHERIRIES aRoAsIArited va L@%gﬁetahtf(qoqlgnsmu(pm@ghpu)éaé herfiid dansierhy

ng%g?egélvgd}ng\t'\%% QCéuh‘gul ee;ﬁrsrxlz%ne gdgﬁ’élﬂlg%r%?uétgr EFGF ?%g&neo%ccggl;ugagtgé%ltuﬁle
addi ng ajmgbgge Qpn5|ty product ( pi) to an accunul ated vol une-density

accum

product (1) v accun) 9 and 5 determ ning a non-aerated vol une-wei ght ed

density (n , f afrefigbl{) Hb ehdth@Nflr@ler bamghydsdhmuhﬁg a@@ﬁﬂ%lldp@tiﬁﬂthe
vol une- densi ty product (1) o v accum) by the accumnul ate ol une flow ).

Pr ef er ablpyedatérsined tiow fontiehén), whid messumgslmngw@erépmdimtile (pirytofyor t he
redeterm ned t ort th t measurin erfor d by the

D b aD5r PG elebv Rttt Pnlined HmEiatiomt g o peafkdh el oy e

non-aer atd%ﬁ ity PRIy Mt@aﬁ/é)écﬂ%l&@@% eO&&QHg r((d 't:g Eamtm?[‘dét%ﬁﬂﬁi%g'ﬂ‘t ed

vol unme- denS|ty produ non- aer at ed ume- wel

(pvet _wei ﬁ%rﬁ%raﬁe@rvoﬁﬁﬁe We‘l’glﬁed H@rﬁ%@?bvop\}’elghmd)vfog kﬁ@ﬂﬁlﬁ‘%ra%gf%i" Byl@sigfhg the

vol ume- densi ty product

accum bymbhmuhﬂ&hwﬂhﬁm&&mwmjﬂmhmﬂ@M%&é»byihea&nmaﬂdBdGDhﬁméﬂﬁw(wggm,
non- aer at ed vol ume-wei ghted density lo , ,vol-weignied) to a standard
15densi t yanvla:loueemis'g riige mbreamteda&ﬂmhedva@itadrﬂeméﬁyg{moe@lgﬁt@hw sthindaed

(Tvol - hted) Prefera , obtaining the viscosity (lIli) conprises

r eceildi ngtONg vl ge&%angﬁe( Por-perarednodmedalis t%mﬁr%@re 7. weiedf er abl y,

L NG Lne BRAEAT dbidihl e SRLLALG, EAMMILO Ak Y IRAANIHy iy ) W L1

t he V|bratory scripti
from an extemal source.

Preferably, obtaining the viscosity (L;) comprises measuring the viscosity (L)
with the vibratory flowmeter.
20
Description of the Drawings
FIG. 1 shows a vibratory flowmeter according to the invention.
FIG. 2 shows a bunker fuel transfer according to the invention.
FIG. 3 is a block diagram of the meter electronics of the vibratory flowmeter
25  according to the invention.
FIG. 4 is a flowchart of a fluid quantification method for a fluid being transferred

according to the invention.

Detailed Description of the Invention
30 FIGS. 1-4 and the following description depict specific examples to teach those
skilled in the art how to make and use the best mode of the invention. For the purpose

of teaching inventive principles, some conventional aspects have been simplified or
10



FIG 1 shows a vibratory flowreter according to the invention. FIG 2 shows

a bunker fuel transfer according to the invention. FIG 3 is a
bl ock di ayoamiafsioke nmeter el ectronics of the vibrat oryPCraseenoe27s8
25according to the invention. FIG 4 is a flowhart of a fluid

quantificatio t ho a fluid being.transferred according
i nvent | orpmlttsgarﬁ %éﬁ%ﬂ[ indhe aF voHl APRECCIHG MATIREMS SN t@sefxamaf?a ﬂf-artgall

fol I ow “gwf?t%ﬁgﬁé 5’(}(0?9 g?ea %n RECT 6 sE #%&P%ﬁéﬁé}e&ﬂ atSti! 1 ed in

the art how t set e best rm e invention or the pur pose

of t eachifogturarviesdribed heldwchpbesomdoird ie Qametmst wayedo fespedilsplkaxeiationn
sinplified or, WD 2011/ 008308PCT/ US2010/ 022758 om tted. Those skilled in
the art wafithe Bpispiden. ate avesy tatheolﬁgerftrqtlrﬁﬁmﬁéhellfésta%ﬁtees@etlﬁi&tew@mes\m thin the

scope <0 e skllled h appreciate that the
f eat u?es &c‘f«ggcr :Ei\éb éé‘%glfut Onh] ?’nyﬁee Cé%lrl%’ anéi:}h&r%%%valgv‘tg ways to form nulti pI e
variations of RIGe 1isR¥eRtivIbratdd§ fRWBEHH § acédi*@mrgflti e inQBnttcﬁl NPHe Vibfatdgd t

t he specific exanpl es 5descri bed bel ow, but only by the clains and thelr

equi val erflsymeter 5 comipBsesla Slavwecter assctmbltyolr(&arrdl oaeetlectranias 2o Ehﬁgletter t he

i nvention he.vipratory fl ter 5 conpr,i flo ass 10 and
oter ol dlsstamS IR eShtketoTRe Bleucarommok 195iF o R ebd 5 RO TR e
assenbl y p%QvMb%éa@ﬁ’t‘éﬁqe%%ooﬁﬂfé dr%n&@%ff'a%hﬁﬁf tn@asE’%W H%, TBARLE ABRNLR, Oof one
or nore of a density, mass flow rate, volurié flow rate, 10 totalized mass

f 1 ow,10t enpatiatdimass flowotehgreratess ar etentreagrematits omit foonatbweove a

communi cation path 26. The :ﬁlbratory fl owmreter 5 can corrgrl se a iolis
mass f | oWORERWRICALQN RGP eVﬂtra%@W%%err%eeb?ﬁ@%set Prlph%rrw aVory

fl ownet er,, a . It should
be appar en?tf ﬁlteﬁddtltg&g% hl%ﬁ beCI% %ﬂé&tﬁaw{gﬁ% gﬁg]t?%értg ownet er can
conpri se aateynaﬁi&ely&roanns\élabtlata@csxy dehgivarpéter. , It iﬁdstﬁ%edbp@enmfo th& dkilideein of
drivers, EI ck-of f sensors, flow conduits, or the operating node of

vi br at i orthe art that tltmelbrat@whﬂwmetﬁwemmpm@e pde magtedy of vplriaforpflommagiges 101
and 1 fo 102 ,and iver 104 i ck-0 nsors .105 and
105 SandePraleCohis e 03 e DsBoras g b Biatlna” fie HsTabitor
sensors 108548 ibRBionar € connected to the flow 20 conduits 103A and 103B.
The flanges 101 and 101' are affixed to the manifolds 102 and 102'. The
mani f ol ds 102 Hmdﬂqwmetecassehd)lﬁﬂﬂiiméddetsm wppoiilargeends aod 181'spaogolds06 in

man ol dsl 2GBAATG - TRV pOrigrofloepresy i 2B peF e PO ceatrroH Bor
transm t tedpt Orifd @08 ‘éhfi%hé‘ﬁ%ﬁ‘ oA A 103 Bun S B LTI BE pRSETD!

10 is |nserted|ntoap|pe|ne not shown) which carries the flow tluid
bei ng0measudeis 103veahd ®03B/ ui d enters the fI owmet er assenbly 10 through the
flange 101, passes through the inlet manifo ere the total anount of

flow fluid is dicridaneeylPhasdd@l at%ffmeé\tp Mamtf%ld&é@%a%éoaoiee f1 ows
t hrough ttﬂgnlgcg8¥v1 I&t?dﬂ@% c&éi’%@aﬁﬂ%dt&%ggpéﬁ%oéﬁtﬁg%fhghé’%eyfﬁ?;ﬁ%&ﬁé mani f ol d

102 where er ‘asse ange 101 VO

2011/ 008 3&RAThIE2 0 Tk QB20E58 06 maintaiRehé b@tvnfgl Mtde@rﬁﬂw(‘rﬁtifﬁfdl&ﬁl@ lmdwl d.
The flow fluid can conprise a gas. The flow fluid can conprise a

mul ti - phald' il erder toquieteraipeling dotices frasl badnsarsmitigil he doyaepadubn 0o
entr 3‘ ned %ioll 3%3 "When the flowmeter assembly 10 is inserted into a pipeline (not shown)

which carries the flow fluid being measured, the flow fluid enters the flowmeter

assembly 10 through the flange 101, passes through the inlet manifold 102 where the

total amount of flow fluid is directed to enter the flow conduits 103A and 103B, flows

through the flow conduits 103A and 103B and back into the outlet manifold 102', where
30 it exits the meter assembly 10 through the flange 101".

11



The fl ow conduits 103A and 103B are sel ected and appropriately nounted to
the 5inlet manifold 102 and to the outlet manifold 102" so as to have
subst ant iaDI2g11des3o8anme nass di stribution, nonments of i necTits201a0eR768 asti
nodul es about the bendi ng axes W-Wand W--W respectively. The flow

conduits 103A xtend outwayrdly fromthe nanifol ds. 102 and 102" in
an essentially %W%Etlf A HTBRSCPh Y oA EIoeN il CApSAMIARiSC Pegss Sttl@ driven
by the dr I i i i ng
axes. w arf AR G orfRRRS! PG TREL DR 1R Bhid e PRI SRR oot
t he vi br aindror ehtraimetselidd. The driver 104 may conprise one of nmany well
known arrangenents, such as a magnet nounted to the flow conduit 103A and

an opposi ng colhe fewiseadiitsol BAoand Hiviipke seipstsd %@ﬁa@Ipf(H}fﬁ‘éﬁ V#?@P‘v@ttﬁdr'@ﬁhel s
passe thrf)ey%q aflé'FdP(&O S(f té)q g t!letdﬂ%rﬁ?q"fﬁ?ogotohaﬁ%éﬁ Ea%tlg%lt s% e

1
sui t abl e Hrlve Sl gna e nete ICS

driver 1QfaidsttiBetio dorkdils oXrRetia, @hﬂ‘éﬁ@tlé‘ﬁiﬁd@tﬁs@ aBoet t‘h@%ﬁdﬁﬁé%&@ﬁ and are
wi thin the scope of the descri ption and cl ai ns. The neter el ectronics

20 recei Ws-WanddV'-sWireapectivnlyt hehd fde sonduitsalid Aland | 03Rextend bvistapdlyThe

nmeter ele tr i CS drive si 0 |l ead 110 whi ch causes
the driv e{ngnﬁ“glggllﬁg 85192 ﬂWS&%ﬁ%@]‘ﬁP@Y%‘%E@%}P& 103B. Ot her sensor
20 devi ces ar erifOofMs % EBh@liRd BN0ari! O tttldtntetteo OREVEI 14 dipscid ption and
cl ai nms. The meter electronics 20 process the left and right

vel odi0t y dsregtiahsatiquothe leepqotiek befiding eresoWsanlow' almrﬂatl@ﬁat 16 reroredehe ficst conput e
a flowrate, other thin The co ni cation path 26 provides an input
and an oultyhaf DRSS REIMeqq Ghibe VREAREY BPWEIGR T ORIR ST 108 P§ ITBEE wi t h
an oper at r t G 1

. . 00213 of méltqyt\i)el?kﬂt%n %hﬁﬁé&ﬁ&ttéi ﬁgﬁ? g&gﬁlaalglon Oﬁﬁ’t%& &S)tﬂ% l{ldlﬁ!

I'S provi as an exa ro ownet er

and is nottosmntrﬁme@bﬁdsiﬂgi cmiﬂtmbﬁn&eﬁ e@ﬁhwrtgmdﬁlttlbeBpmaﬁﬁtﬁrnatmgemwnn1s
The meter electronics 20 in one enbodi nent is configured to vibrate the
f | owt ubesPaseglAhemigh 13 epPosiee ¢aibioaaembeth cg@dtﬂltﬁrt@mcwtq he sditibledriye4. The

| h f
the gPckandned iRy R pydhd Bl G800 s Affkorlo & bRR Elodige o
vi brat i onglver gsvessse QBntTeHﬁ)IaftE&)‘éﬁ&' b@&vﬁﬁﬁ%@t%pt%ale a’ét@mﬁﬁt@an@t@ﬁﬁg oni cs

20 processes the vibrational response and determ nes a response frequency
and/ or phase dTHefreetencbctrmmes %t@ewlsecmsoomg@slszmthmads 111 and 111",

2011/ 008308PCT/ 0/ 0227 oce t he vi brat.i o

et er i ndSRREVE- (HEAnFgl BSOSO g 20 b EBRIR e andy or
density thauéé%%é bAved 104 @- othll'af‘er th¥ lfBRxﬁédrgtﬂﬁL éb?ﬁ%ﬁ%ﬁ%h %%&t &Gt | €S

and/ or flow neasurenents are contenpl at and are within the scope of the
descr20pt idevicas drecdcmtesrﬁpla&ktmndnm anthadihesodpe dfbe ideawiptioaand @BAnand 103B

conpri se substantlally U sh E fl omt ubes, as shown, Alternatjvely, in
ot her embodi mehiesneienglepiraies Ba orocgmses dhpleficmdgiphd valocity sigpalsty r%méﬁq

[ o e 02 pLLRIGY T, BRE R RO R HEBHL Bl Gy
bunker f ugimhii@osi®r pak CepHbvided #n int)at AfVaNbIPHt mENS Al Riwsfthelmeter
electronics 20 to interface with an operator or with other electronic systems. The
25  description of FIG. 1 is provided merely as an example of the operation of a Coriolis
flowmeter and is not intended to limit the teaching of the present invention.
The meter electronics 20 in one embodiment is configured to vibrate the
flowtubes 103A and 103B. The vibration is performed by the driver 104. The meter
electronics 20 further receives resulting vibrational signals from the pickoff sensors 105
30 and 105°. The vibrational signals comprise a vibrational response of the flowtubes

103A and 103B. The meter electronics 20 processes the vibrational response and

determines a response frequency and/or phase difference. The meter electronics 20

12



10 transfer conprises a transfer and netering of fuel froma first tank 3
to a second tank 4. In the figure, the bunker fuel is being transferred

froma fuwDi2og/dossoge 1 to a ship 2, but it should be unaeratsomd/ioeivag t he
transfer can conprise any fuel transfer. It should be understood that the

transfer can congriﬁg qﬁ%%fluid t%ﬁp fer.. In additio it should be

under st odHOFIATS LA MIBRIOHEY EFSPRESP CHITUNGSRICHN TRPFe }B%w GEAsHR@CEH; p or in
bot h 15l ' j LS he . ' f
ctoring angHRSass T Bhlad LRy RIRRE DK, A6 RS HORUBRATEERSC, o
bunker f udhsctdrBticsimdiof flewimgisutcaicdes @vrunietpidted ued arvayithia thesqpeari | y
stored in a barge or other container for the purpose of transferring fuel
fron1shoﬂheﬂ@ﬂ@P@ﬁnﬁndAbﬁﬂﬁker may be | ocated on a dock or other port 20
facility, or y.he I ar ge fuel.ing.vehi.cle,; During
bunker ng, *t haneaaeeauh e B RyRRaRTL A A Fus SR RP R S )

bat chi ng JARREPESWtdES, AWsAEwWHAR 1icenAREBTEn BMer BinBBdinhdhtd, iR flswtubes can Bunker
fuel conprises a relatively heavy petrol eumderivative that is used in

heat i ng aommiseanbssantradiysstiai gt flamdvitens. reddinenad digwvmesser Shapesaraer nmul ti pl e
grades of fuel 25 that, may conprise,a bunker fuel. Bunker fyel .is generally
eavi o RTREPEOU SOHE OGS St apeebife desdibtRg andalying) “cost o
represent a meTef 2RAGKA %’Bu%ke@fu%ﬂrﬁl&s??xo&%ﬂfiﬂg% tﬁ@?ﬁven%ﬁ.h Th@%ﬁﬁl@e’*‘r'fﬁﬁl oi |

prices and increasing conservation efforts, careful fuel managenent has

becort® vittalsfer epmpnyes Diraryferadndandtefing afi € frone agwstgank38 B enetiong tank 4.

conbi nation of fuel conponents in exact proportions for use in the marine

i ndust ry Typs éameytherhpg@%@ei R ckynBagT Ghirem %ﬁl&ﬁyg Ba@e Igfoja shigre byt
Bunker O): ' [ [ I . ' [ [ hn a range
o vi scobt Fiile B LRAGHBER RS b3 sansbib BT 530%KE HEMEAE “rie

| nt er nat iprdatstdydandiathd thgRntaatdmprid &) flildsrappRe. In d@titi@nst fhouldss | ne
fuels for worl dw de use onboard ships. Precision blending is very inportant
due to i nvdemseos that ¢ flew rpetee sy betestaliashen therbaggryithireshimanr if peth di f f er ent
fuel ,grade yrn tenperatures, and the limtations associated with shipboard
storége. Eﬁ%15§§ bl endi ng 5guarantees that a vessel receives fuel with

opti mal propergif&rihglis b@RrdIRt BRAAHadE8 pRActRBE kiokhgQRRRNISeRMe Aline

| eading to reductions in engine NOx and Sox em ssions. The bl endi ng of
fuel s pr dublunkewhng) evs cahedolbedmommaasdamkengfviets. Jopwhiprfuehng, danghenmmanisne

i ndustry e to regul ations discouraging the mxjn f fuels onbgard the
vessel | itdieh iy Bhtarony Sovant » Bt offosiodteaty Jos MERUTRO AT or whi oh
is rel atiyvelyd e j I i | .
G 31 T ENrR e MR 4§ hC PR TR IAPIoTRS oby el p R

f 1 owm2Bt erfadiliag @onaiynig: ¢adritdby bdegtoranherirofuefieg athiole. Dinéng/bintl@tiapythe

flowmeter 5 is used to quantify a fluid duyring a flujd transfer. The fluid
can i ncl (del HeIYEIMenFRISUIHEUPRYHSES B SRty dil -5 Mphy bptehing dosess.alasing a

vol une fl ﬁéééﬁ%ﬁ%%@%gﬁﬂiﬁﬂégﬁﬁﬂplunE flowtotal (i)",) of a 15fluid

transfer. e fluid transfer is neasured over a series
of predet erm r@ghket iRl RORIHOASA (dldtivelyTh@vprRdel@nntaedtive Matponsdddas (ti)
can be uniformor non-uniformin duration. The predeterm ned tine portions
(ti) can hsetisgesbnlargs igdwerial andéorphaging ¢nginest Thessucemetivke gradesmyf £h1e
transfer., The | ength of, a .predet i ne i me portion (ti),can be chosen so
b5t o ScahiBancRapdeh bl it Bl Fisb i EnBRLY E vkt g FBE S5 onet or
5 generanﬁ§n§m%mg5@;hgga[ response. The vibrational response is received
and processed by the neter electronics 20 to generate one or nore fluid
quant i fi cat i orMudheiés! cF¥e rapatsgesa omporipewrnonot osled)s opecamgemst. awdtht ot al ed.

The neter. el ectronics 20 jncludes an interface 201, rocessi ng system 203
i n comunle&tiBH OWPEICY J0STSE5 g CONSFYAIof %rtss%rﬁggéﬁ%lﬁm%eﬁ%at H

communi C&el.gfeWithfor environmental and financial reasons.

30 Blending a combination of fuel components in exact proportions for use in the
marine industry typically involves the combination of heavy fuel oil (HFO or Bunker C)

and an intermediate fuel oil (IFO), which is available in a range of viscosities and sulfur
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25 the processing system 203. Al though these conponents are shown as
di stinct blocks, it should be understood that the neter electronics 20 can
be conpriweadoufoosmsi ous comnbi nati ons of integrated and/ ecTdissewarzEss
conponents. The interface 201 is configured to conmunicate with the

fl ommeter assenbly 10 of .the vibratory fla er. 5. The_interface 201 may
be confi PR oT‘{f‘oWﬁqr@atﬂ%mf ﬁ@ngerﬁ Qichaimbon (1C0 o gpecthicatits d¥cRaHe
signal s w i j ck . atarne

ncer f aca B {PhEoAIMIRsMLANE %, BERoh ARG 8 HEP iRt o

communi cah¢retsepad fue? Pricsy)cie dsgepofaigndakad@yinaiifferenVel grade burn

2011/ 008308PCT/ US2010/ 022758 The processi ng system 203 can conpri se
any manndPmgeragies aaditheyligytatieny asypwaisd outhsdiiphpasy soegc dscload slemdingur ed t o
retrigve an xe e stor routd nes..205..i n, order. t @ oper the vicbratory
(Fownt erdtarrFS G SN B AT ur g oPSich FudRE M1

f1 owret erspéélﬁbidﬂﬁo%@%ngﬁle\!,%hmﬁgT@i&lﬂbﬁ&lﬁﬁ%ﬁ%h\é NOKahd & 02 QehisAok0 | THEe- 5
wei ghted vi scosity routine 210, a vol ume-wei ghted tenperature routine 211,

and an aérendiogotibtebcprertomkineg Ragalsbermy inpreasing empopulpriycedks mgrineut i nes
are contenpl ate nd are.within the scope. of t escription and cl ains.
The stor dBtdyaduip ana il rspuraiand fRRemc Pebarpea AR deSe wor ki ng
val ues, %@n&%&%efaﬁ%ﬁé gREA Peg]%lirk i PARUBIEROMU BALRr whitd: R rOLAGy SR D
stores a volu low (1), ) 1, a density (p) 222, a 1OV|sc05|¥y (p) 223,

a t ertPer abengrain® ga4nalany olassredenstetsyidpaloduct (1) 1pl) 234, a vol une-
viscosity product (1), pi). 235, a volune-tenperature product (1),T) 236, a
vol une- wei ghtid@- ddnaibigekidiagram %t%@ Ricser)clecaronicy Q\Qd?fl}ﬁﬁy&%?t@m éawmeé%si ty
ht . , . . . . . - i . 21 a
voi e wel PG Sibe nysntion, o Speratienhe yioraigsy GoymentPhERON et
244, and afluidefuainicenfldid aehkRA ZHAS flulkbddreintludeadtel Theutibiatord Tvwaasteps oduce
and store fluid quantifications and fl ow neasurenents. These val ues can
conpri se cubstuapd tamegsura s vahinamBowd Vbl andént velamedbove roteldry, Jorisr i se
total ed or accunul ated val ues. For exanple, the flowreter routine 205 can
generlat e figf tieaster.olp spmesembedintcatsdhe flgtdiransferdmmagsyrgd oyer ypesics|adw )
storage 221. The flowneter routi 20 an. erate_ densitty peasurenents
and 20t PES AR AR Rlnket) P PeasRauRaSh e R R ool TR SR *ana
density (RinjuMfdriHes @it Bidprogstefhbl tiRe YdrBbA! (t9Rah bé eRRRAIE geddrate
previously discussed and as known in the art. The volune flow (i), ) can
conpr i se aplswdbisy ahmieasurgments daringteotignsiel dite lehgiy of atpeedesd¢ruenedtimeconpri se
a volune flow rate sanple, can conprise an averaged vol.ume flow rate over
the t1 me RRSHET ] SR PF Chgien s 4 SRMHEACERIAME PR GBEUSS WAECT I ow rat o
250veq the ting,PAbtda fdvhetel g%ﬁl%'age's ARibid iBﬁeﬁg%ﬁJo‘rﬁE@ 'i"hé)}’/’ibtr%cieonal

guantifications are contenplated and are wthin scope o

descri pt irospoare isciea¢ingd and processed by the meter electronics 20 to generate one or more
fluid quantification values. The values can be monitored, recorded, and totaled.
The meter electronics 20 includes an interface 201, a processing system 203 in
communication with the interface 201, and a storage system 204 in communication with
25  the processing system 203. Although these components are shown as distinct blocks, it
should be understood that the meter electronics 20 can be comprised of various
combinations of integrated and/or discrete components.
The interface 201 is configured to communicate with the flowmeter assembly 10
of the vibratory flowmeter 5. The interface 201 may be configured to couple to the
30  leads 100 (see FIG. 1) and exchange signals with the driver 104 and the pickoff sensors
105 and 105°. The interface 201 may be further configured to communicate over the

communication path 26, such as to external devices.
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The fl owneter routine 205 can generate or receive tenperature nmeasurenents
and store themin the tenperature (T) storage 224. The flownreter routine
205 can QEOepPHI®SIB recei ve Vi scosity neasurenents and CorisS2tem7ts t he
viscosity (p) storage 30223. WD 2011/ 008308PCT/ US2010/ 022758 The

vibratory flo ter 5 jn sone odi nents can be configured to perform
vi scosity neas ﬁ?sél.ng@{éteghﬁgoﬁnbc‘r%ﬂﬂ%? Y SHEICE P POCHTSEY %@Eﬁ‘én-i ﬁ{le

co- pendi ggg&esﬁng %?%Lﬁfeﬁt %dggﬁg}cgﬁgé%‘%g t&%uig\%oﬁfag%éé%%tor@& ?&Eﬂl‘%g 2b9 i BRler

current I gne pat ent publication is herein

i ncor por ab epetaye thefvebratore flosAhdter haThy edoyagel systeimnz04 embacicrentisest he

fl owreter routine_ 205 receives viscosity values froman_ external source and
st ores t HBclpdingiaBewpgtaisuting 30ve avolupenejehted dessyy aeetine2)9, Tvelwne-er nal

sourcq a5l REBRLPHGuH) 216° IR S LA BRoRETRITE pHqad Lo 2

store vavf]u e neter

el ectr onifepatif deSect eftingur18d (htBemestiEnbitrdEesyiab HoRINR ahtGepnRsdd Y
routi ne 209. The volune-melghted density routine 209 is configured to

measur e andaireimethin tw scope ¢ destwipsionyand gildimk o Tha spragiesystom Aed can ne
ortion i) of the fluid transfer, wi.th the vol flo a densi t
o o stk s sy s AL py Ot Ges bt Sther iithahatord Brttin
vi bratio . I i + } r oduct
(LS ortriRlodifiEnis; BRk e SSRATRokes Dol 10N ) 221 HIRIGRPPIIY oD1 OF

flowiqi) ’Vigcoé‘lgfj (ﬁ)r'@@,’gltémﬁér'gﬁﬁ@)?f }ﬂ@%%ﬂﬁﬁe-ﬁelﬁ’s}t% HBHYES i 23428 volume-

accunul ated vol une flow (1) and an accunul at'ed vol une-density product
(th pa" umisdosity atdduoo(r agr2at ed voliume-parperams pbdudig v{T,u23b, arnahsher, and
determ ne a non-aerated vol ume-wei ghted density (pvul _weighted) for the
fluid transgkiedkygndiywipdj pgntd 4 hecwitumated ghied viseosien it g @42t a (i)

accum by the 20 accunul ated volunme flqow (1)".. ). Th esul ting
non- aer atV@éu%ﬂﬁr@:twiregmeéarua%@mwgh@%@We?fejﬁtﬂ@a r%%ﬁ{do%‘”staaﬁi é8 in the
vol unme- V"’%{eﬁ%fo%q‘r&?i%ﬁb%. storage 238. This processing nmay additionally

generate accumnul ated vol ume-density product (i) accun) that can be

stordad in the My floemdensobtihe03diaatpredweand s&3éd flulhguptideasstdwhd ey ef or e
generates the vol une-wei ghted density (pvol _weighted) according to: 25 E
P(1) P (myaspreppenty. 1TheyemaBies can poypppise supstanfielly Histapanpous wepsurempnt 1) 3 N

The vol uneswei ght ed densi vol - wei ght ed), can.be si ml Q_an_.aver age
donsi vy LSRN PagBRG AP pe T PR S "F e dhlhe YR onry t ne
density nagkd 20®PdSgenerate volume flow measurements and store them in the volume flow

(v,) storage 221. The flowmeter routine 205 can generate density measurements and
20  store them in the density (p) storage 222. The volume flow (v, ) and density (p;) values

are determined from the vibrational response, as previously discussed and as known in

the art. The volume flow (v, ) can comprise a substantially instantaneous volume flow

rate value, can comprise a volume flow rate sample, can comprise an averaged volume
flow rate over the time portion (t;), or can comprise an accumulated volume flow rate
25  over the time portion (t;). In addition, other volume flow quantifications are
contemplated and are within the scope of the description and claims.
The flowmeter routine 205 can generate or receive temperature measurements
and store them in the temperature (T) storage 224. The flowmeter routine 205 can
generate or receive viscosity measurements and store them in the viscosity (p) storage

30 223.
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30 for non-aerated tine portions are taken into account. Density
nmeasurenments fromaerated tinme portions can be left out, as such aerated
density meaorigweiss are |ikely to WO 2011/ 008308PCT/ USPOTA/SO@A/DZB5he

i naccurate and unreliable. Also, the volunme-weighted quantity is superior

to a basic tine-averaged. or periqdically sanpled density. because it
represents a trife BRI GOVGUSIE P SHPE ﬁ@@?g@%}ts £ bheotfug tocﬂer%%’é’l

pur chased;is sy Fra@HEhRART PHARKh YRR Iuher S8Rl oted iPcy BEAGRL 18, T N
flowrate, and a periodic sanpling systemis sensitive 5to variatron in
density dugert®ubticationf N6.a2008r0 18431 Ardssigned to thtkearrehthwsighbe.allgy fl owreter 5
is operated as a densitoneter or_ viscosity neter, aeration in the fluid can
af fect ardP04&yB48E3 petart Rupligatdon isdesdin igcompersieddiyaisfaceisnd possi bl y

t enper.ature ne rements). -For thi.s ong .t he. vol une-densi.t. . .

Vol Unovi scos e putERETL oyt el bRE R o kPGt S0 LR AR Yo s tiur  ng
aerati on values AR ah ieRknal source hid SO tﬁ@b&élimmﬁuesﬁiﬂ%dﬁ%&!sit?'(ﬁﬁétbﬂ{%bcS 20
is configured to execute the vol une-wei ghted viscosity routine 210. The

vol ume- wel2ghtlde exitgroalsionycercantberiescpai@td wisewity inyeiew drono ameperatos isputofrome
flow (1), % and obtain.a fluid viscosity (Ili) for a predetermned tine
portion (& tyregfvafq?eorf POFHS W eSsfer, with at |east the volune flow ( ) 15
measur ement  behRGNRFIIARENRYh et DEAtRHi% I RARHighrcd 16 BrQughigi brati on
of the flowreter assenbly 10, determ ne a vol une-viscosity product (1), 11,)
for tlhe proddet-evaighted density rpotiné 20O.( The yolaoruwrighteddlenkiey voitimeR0Pliow (1), )
and the vol yne-vi scosity praoduct (12 . 11,%@val ues into an accunul ated vol une
flow (. xora8eury tampaswesoinme dlosy( v o rada densboeilier ppsisearmyined iy f or

all non-aerated predetermned tine 20 portions of the fluid transfer, and
det er ni ndPO&tipRbI) 98t Beid\imngfes- with ¢ wrlugedtays( vy apd densiyipgnt ed) for the
o B oo ahee b et ATty Arha: Y LRS08h UbrBlor'sFhe (U

) 2CCU AR Gl AP VBN RO RIS bRl it ) car
Wiﬁﬁﬁgfﬁé%?et%“%%féb% e oSl BEHE Bl iobl O ah8uE Biudeks %)t e
vol o vi SESE podBEACHEY valbks 126Gl Bhodihecd 01 e POl Crar JPATE0 gener at s

2011/ 008308 LLH U015 aB IR mied R Tal R P AR R bVl e
can be sifiaitl arantfor,and aceiage ¥ hec-asiated, volepeesaglited detidis PV.eLakl) Mrskosi ty

of the fluid transfer, but where only the viscosity neasurenents for
non- aer atféd tiapgfepby divadiagdheaqeararatedveluatcoensity P §T Paeun) DY the

20  accumulated volume flow (v

). The resulting non-aerated volume-weighted density

(Pvol-weighted) €an be stored in the volume-weighted density storage 238. This processing
may additionally generate the accumulated volume-density product (v p.ccum) that can be
stored in the volume-density product storage 234. The processing therefore generates
the volume-weighted density (pyolweighted) according to:

25

2P (hp)+(ap) + (3p) () .
pvol—weighted - Z . - . . . . ( )
V; VTV, TV LYy

The volume-weighted density (pyol.weighted) Can be similar to an average density,
representing the density of the fluid transfer, but where only the density measurements
30  for non-aerated time portions are taken into account. Density measurements from

aerated time portions can be left out, as such aerated density measurements are likely to
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measurenents fromaerated time portions can be left out, as such aerated
viscosity 5 neasurenents are likely to be inaccurate and unreli able.

In sone ewbadiwm®sios, the neter electronics 20 i s confi gecedsca@omxEssit e t he
vol ume-wei ghted tenperature routine 211. The vol une- meighted tenperature

routine 211 is configure measure a volune flow (I. and nper at ure
(T) for PPPRFILUF AN @areglﬁ\gr]@ pUPRit %V@m}neo‘fveta%edrqwazst is SHRTET to\m AiCat

| east th I br at or
f+owrret or Eop AR Red Sbdriolickdhy TEABKAR, BeL e RIEDRLHC B gl ) Bt o1
vol une- tamaﬁﬁ@zt\urﬂe r@poctuo thd v9lume)offfoe]l puiehaped dattaneranedged afgopthinii on (t),

accunul ate the volunme flow (1), ) and the vol une-tenperature product (1),
T) val uesvowd beapndidvarpuyagtasiany v fions rateodind a perdedieparaplinssy st ifniensitivg

vol u tqgggﬂggllﬁHg qﬁﬁte%)ﬁgu¥ernoaﬂ éﬁk§non_aerated predet erm ned 15

tinme portions rans erm ne a non-aerated

vol une- wei ght eWhte MReViBidsrS ﬂowgbmwllgb%&gﬂedfa% dehﬁtc%étbﬂoﬂi@éb%ftgrméiwr
di vidi ng the accumul ated vol unme-tenperature product (-1) Ta"um

accumul atasthtionlio e ﬂumwa(lja)f&ct:m depiads damnity aed atseolsityotlnammmergh (fmdl
t t Tvol d t I
t emper at rsS DL RRETES e e e 2r HGS Haokdfs VP BHET IS SENTATE ( ne

accunul atyggh o2y VAT ol GHRS A ]%é%ﬁﬁlré)ﬁ%'deﬁs afe ff@t ‘Hled MAinLaRatRf $hered in
t he vol ume-t emperature product storage 236. The processing therefore

generlét epetiods.vol ume- wei ght ed tenperature (TvoI wei ght ed) according to:

Tvol -wei ghtedl . vi(3) 25 The yol une-vwei ghted tenperature (Tvol -\wei ghted)
can be sinilarl ntsem&rf:nabpéia@s%t%il %ﬂ?@mm@p’f%@éﬁflﬁ%reﬂﬁ%eweahﬁ

tenper at LUO%IB% v&eﬁﬁntyl Y 590% é@%ﬁ[lﬁé 218 ﬁ‘hmgfuﬁleQWe@ﬁmlgcfdmg r@lﬁtﬂ{eeZIO is

nmeasur enent s Ions are ccou

Tenper at WoafigBRIUL eNERBIS afmﬁmaeroast eﬁl ) ahdBbRAT 4 flanbvicedsite ) €ot a out 30I'n
some enbodi ments, the meter electronics 20 is configured to execute the

aeration piea@@ﬁrnlﬁ@cutlmq)oi’tl&q (th o€ tixefaidi tems fet with af RUSt the vallsh il OGO €S SeS
fl ownet er val ues WD 2011/ 008308PCT/ US2010/ 022758 in order to detect

substiant iraéasagsnadnt ®Binighpedfoined By tth@nidtaory Themded sahiqighsatrabien of the
substantial ly continuously performed during the fluid transfer, such as
during edltwinrieeagertbly h0.(datgrmimha vaking-visposdetnsedudt §uithihir e i
configured to vibrate the flowreter assenbly 10 of a vibratory flowreter 5
during t Hueqddqteringined aﬁﬁmﬂlomﬁr}p@cemlaﬁecbﬁmtw@nap flopeh b Asd thefvodemer t i me

portion (ti) of the fluid transfer to an aeration threshold 244, and
viscosity product (v, ) values into an accumulated volume flow (v, ) and an

accumulated volume-viscosity product (v paccum) for all non-aerated predetermined time
20  portions of the fluid transfer, and determine a non-aerated volume-weighted viscosity
(lwol-weighted) fOT the fluid transfer by dividing the accumulated volume-viscosity product

(¥ Uaccum) by the accumulated volume flow (v, ). This non-aerated volume-weighted

VISCOSItY (Llyolweighted) Can be stored in the volume-weighted viscosity storage 239. The

viscosity measurements can reflect quality or grade of the flow fluid as it is transferred.
25  This processing may additionally generate the accumulated volume-viscosity product

(¥ Uaccum) that can be stored in the volume-viscosity product storage 235. The processing

therefore generates the volume-weighted viscosity (Lyolweighted) according to:

EZWﬂi

/uvol—weighted = Z— (2)
Vi

30
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determne that a tinme portion (ti) is an aerated tine portion where the

vi brational response does not exceed the aeration threshold 244. The

aer at i on whneslhoB®8244 conpri ses a range above whi ch t hecfrluseal0i02758
considered to be non-aerated or is considered to be mnimally (e.qg.,
acceptably) aerated. 10ln sone.enhbodj nents, the aeration threshold 244
conprises a drThFeVog‘émﬁ'Wng]é@E?ﬁS&OSW ql-w@n@d)&ﬁmb%swﬁ% PanayEPafed to the
drive gai . { i i.fa f nse per
gl ven AS ] aogiesentaThP bl RR R B Ble A8 DT R ollEHRE

anpl i t udevighoyity @tbabyremedtsi foehonvabriagidi thne poplont ueketakwh aite atdvainy aVisessigan be
i nst ant aneous or can be averaged or integrated over the predetermned tine
15 port | dRegsEromenthEofy JoEed AiMe RATTPNS A kealeftypubasspglbperated VAsOSIY ten to
thirty percent faor re liguid and will |n ase dramatically as

ent ralgnecfﬂ%a%l eérllﬁnésr %eﬁﬂ%%? 1ioowt\)/v lpgﬁquégelaiadtuﬁreehéﬂ%\'/e gain fails the aeration
threshol d 244 1ntBRR dofodimERS, Bl SedtE0NEaFondés TRR cAaTiSidl RE ckdtatke thee fl uid
is aerated. For exanple, the drive gain nay fail the aeration threshold 244
i f the dniohemgainghizd eaaperatuee watiae 2oh. The eshwhetweightedisntpeetarei roatigai N may

i j.n .20 | ith th f. tion. I

e Sese 4] R0 RhHul St B BRSSP L BT o
litude. Th i ni i tud | at t i b i I

AR A T L e N R R S T

t hat .t.h i ckof f litud i | Lt h trajned,air j.nt fl

A e e T

the met erg gl Qetet Q&ieﬁmz(i)?,%@erﬁﬁﬁ@a %gﬁé-lt%%&epemﬁrefﬁﬂdh&ti(%ﬁﬁg tpd. For

exanpl e, the pickoff anplitude may aeration thres d 244 if the

pi ckof f gﬁpélét&ﬁ&ﬂﬁed ﬁrﬂe%&i&hfs[), éé&ﬁ@@it@%ﬂeo&blﬁ&é%*‘\}@{;\g)%ﬂ& theolhiip- pi ckof f

anplitude nay decrease’'in value with the presence of ‘aeration. In sone

enbodi e i ! Wl -mo)qmi 30
thresholgﬁﬁgs&ﬁﬁg%gﬁg%g?ﬂ%EE&%%ggg?g%ﬁ#ﬁggﬁggggﬁggﬁggﬁg??3“Whresﬁ%?d can

conpri se RchgMBledfolaSeaPBRlaBIBPEAIUCOM TN, L NrfllHol: acBHENpRIItBniRIdr 1N a
bunker fuel, for exanple. nsequent |y, the measured density (pi) can be
conpdbed tiroe pbigioae othediuitl iragsfen| ahd 2k termi@ 2001-A008I08PCTLWBAPHNI0A 022758 | f
t he measured densijry (pi). fails t_Iae ae£aﬁ?igin threshold 244, then the neter
el ect r oni ENPIFHEA yetena 108 thnSpiditrastar by dlyidingdng pegimidgicdsiolitpse, the

measur ed i i fai ratq 44 \i Tk asured
density (tg'?’ggfla@*lsi’g%a Cmnﬁ’i@i %&%taﬁg%ﬁbk?%s%%{l@%g%w (‘§3§“’”t)heT h?ﬁ?lgedensi ty
w || decr i 3 I ion ma - i ng
estinatefgggﬁ%26$®§ﬁ§%ﬁ%h§ﬂg%§€%%ﬁ%(?Wﬁﬁﬁ%ﬁggmggéggﬁggniunctygﬁ\?%gﬂgﬁe
drive nodem@ératire sforoye 243 €This brocesviagmlag addhnwildbn@htettheacbunvdatedde peak
in a frequency response graph can hel p determ ne whether gas is present. A

wi deOpeatolmeitenpestusg grsiuchanbing thadanherseared é theevohiaedeipperafurgas.

Consequent | t dadmi estimate/driye e kK. width can conpared to
10 the aaraticsnRERCER e SR I el TR B M L PO R e peak

wi dt h faithg gﬁgﬂ@ﬂaof_‘jmghnd;mcgﬁh ¢h:244, then the neter electronics 20 can
det er mi ne tﬁat the fI'Ufd i s aerated. For exanple, the danping

estimate/ drive node peak width may fail the aeration threshold 244 if the
danpi ng estimate/drive ge peak wi dth exceeds the aeration threshold 244,
as t he danpi ngl,nmay.i.ae in the presence of aeration. 15A)ternatively, a
3-dB down point may be dskd, which refers to the width of the peak at a
speci2bi ¢ of f-resonant frequency which corresponds to a specific vibrational
response anpl iTﬁ&@luﬁ@ﬂﬁ@%&@ﬂ&ém erbfige BF 4B . doWtaR®eRimiantoke Hsermered to
the aeration threshold 244. |f t]ik)le 3-d own point fails the aeration

t hr eshol depdraturpengprasenting tbe oxbraditemperasire Of denfluidtteansienedut verere ordyf | ui d

i ted. F | t he 3-.dB 20 d poi nt . fail t.h ti
{r oshol QNSNS ARSI THGHA [ iEadrion SEE PHARTY HE eI P ienol d
244, as the,sReRk! M REmbRE I RrdQuniROb&kiMBYafbOR dutt he presence of

aeration. Flow noise increases wth increasing aeration, and therefore it
i s al3®o possi Hheotme embodiments, the meter electronics 20 is configured to execute the

aeration detect routine 213. The aeration detect routine 213 processes flowmeter values
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detect the presence of gas by analysis of the standard deviations in the
mass flow, 25 density, or other nmeasurenents froma Coriolis neter. A high
st andar d wewoatdossvscan i ndi cate an i ncrease i n aerati onPCCarss@quoearssy, the
standard deviation in the fl ow nmeasurenents due to flow noise (or other

di st ur bances n be onpared to the aeration threshold 244. |If the
st andar d IH@G%%ttPgﬁteF'aW stanfal aggation 19 A dersicy Ehadeﬁeﬁw tHEebGret er

el ectroni ﬁtfglﬁ’tﬂ 9@% he
standard %g %Igt\l/?lﬁ |(glﬁlhrﬁrg{l/gl?gle t ee(f ga'%% gtt?%g]dtlﬁlggﬁgﬁt 89%14%0&? e is}? lgr}lééiar d
devi at i orpoedeeads Tthbaeﬁeiroﬁtdew‘ctt tduties 2ABds ediigurdo vibrate the flowmeter

2011/ 008308PCT/ US2010/ 022758 An aeration fraction is determned in
sone enmbouseiablysl O0{d whetery flayvmpter asiaing die flviddtansferseunpage asatgatiqnad

Zﬁgatm'gﬁ” ”p\alb‘ef'l agP% FiEheBo 10nZPE (Hulé H%I!E“ dante{e%‘ﬂ?on%regﬁglg 024% - ated,

ty|n n-sone the

vol ume flqérin¥ne thay @ tivRSpdEaon PO it @ﬁ@b@ebdft%e bbARNPPRdrk ANSvibkdtlonaf 5det ect ed
aeration. The aerated vol une (aerated) aerated) can be divided by the total

voI une ( Ipspnse doprmicyeccarthaeeratipo throgioldrd44.r dbe hamtion thrpseideed 1)tot),

e., a neasure of the anount of t sferred vol yre t hat aer at e
Al et nat |ORRYISCE R s by Wisteing (R By ©hiidiraio bl menairuiof RaRhdtsreded by
a total th3RhREmAiYE. & 0aQepRbR)Gciiicfer ation tinme fraction, for exanple.
Ot her aeration fraction’ quantlflcatlons are cont enpl at ed and are within the

10scdpe of t hdndeserdnpiddameringthelaaratbn thresholdBé4 vompnisesvedight gainand/ or

non- aer at ed surenents W ll provide better and nore accurate nmeasurenents
of a fluit B@H&%%PW%W%@& isgoppaisdeethed W%ﬁﬁlﬁé%@@@ﬁeﬁﬁﬂg dgive gain

non- aer at t T Y/

s or enhRRALSHE AL bARSTRRS et SUTRARHICSIR T s Gl UL Fh e
accum wid picRéfdvéspend hgplitatc dhdddibea dacer Abetioh asiy e wiete tthlaezahmr ay
content of the transferred fuel, in contrast to a non-aeration

di scri m rfanibegnYIAROUNOA SR beravieraged emhiategrated owerthe Arqﬁiﬁt%mneadttlme

non- geration djscrdmnatin ur nt_ W e |nt saccount
any dor attBlionieh ﬁélef‘ﬁﬂwle < %éﬂ fymiatty st dhard %%te&% éhl??’d’e&“en fora
quanti fi Gagé ﬂqulm%aqdl1ﬁlﬁere@sef drdhdtiBAS: @fralifANsk bt @dtRATA @uRD frehd he
invention. The nmethod conprises taking neasurenents at predeterm ned tine

portions drive)gain faﬂsttbepaei@thn thobshnorld 249 hqivhe metereeisétroni¢spl() Ganadetiermine

t enper at Ti al ues measu for. a curre edet er m ne I

por L on (hyehe Fhis G ot Torerpi e Sercedy eyt iy bl el Fhed
fromthe 1ﬂﬂ%r(ﬁ'weﬁ%% ef&%@??@%’eraft on tﬁl%sﬁ)&l@‘(%@u% HedirRe €rﬁgcr@a%e kpown i n
the art. For exa , ow rate 25 can conpri se = - . Step 401

can QOnprvabe withtlar presdnctlod abdativd. transfer process. In addition, step 401
can conprise an iterative nmeasurenment step obtained at any.time during the

fluid transferlngpBeesabodingnts, e ae@tion Hagshalag4h sPIPHHES ¢ mn}m&% IgSROBTC any
deett o0, LALLMyl ARRCEOUR BN BHELAFEEL 6 ML L
2011/ OOSW@dMé@B? &38ckoff sensor 105 or 105°. It is known that the pickoff
amplitude will decrease with entrained air in the flow fluid. If the pickoff amplitude
25  fails the aeration threshold 244, then the meter electronics 20 can determine that the
fluid is aerated. For example, the pickoff amplitude may fail the aeration threshold 244
if the pickoff amplitude is less than the aeration threshold 244, as the pickoff amplitude
may decrease in value with the presence of aeration.
In some embodiments, the aeration threshold 244 comprises a minimum density
30  threshold for the fluid. The predetermined aerated density threshold can comprise a

level of acceptable aeration in the fluid, such as for air in a bunker fuel, for example.

Consequently, the measured density (p;) can be compared to the aeration threshold 244.
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are preferably substantially uniformin I ength, but do not have to be
uni form or consistent. In step 402, a viscosity (11) value is

obt ai ned.wOhe1mios8im8si ty GO may be neasured. AlternativelPgT/ush@owexsosity
(11) may be received froman external 5 nmeasurenent source such as a

2 | engt h IGARmErd e (BbSTISAnS Biraen DERLN  bhaeritine (el S SCHuHeY af ed
f th ' I ' it
or ouct (o Try rrE baEl AEER, Aol FOE PRI s TR RERE 1)

(11) neastil eendratiorithvedhoide244eifpley aeisueed Berit9dpg is leb9 thad ithe desatfner at ed

fromthe volune flow ( ) and tenperature (T) neasurenents. The volune flow
(i), ), dbrgsheld 2ddy as thg|flyeb depsityiwil dacerpse With agyatiope| ume- vi scosi ty product
(1),1,.4), and | ue- t enper.at ur [ t (1), T).values n _be added into
b v S val uds SR R MR R AR s oips SintevERy S Ry SRREo o

), densi tyfréquency SdspbRscORASH 1Y foR tREIghEYe ol of ¥HR! AR nYdt&C Foir teXaRp R tet
(1),11), and 15 vol une-tenperature product ( T) values can be sel ectively

accunul atwidth akthdidsiyassedt fvek ana fraquenepreggonse ighaphheanfhieln detemaing fnhethur i ng
the current .time portio t), 1s.not substantiall erate t hen t he. net hod
br ocesds 5 iSPERTos eStkarl LRI dREnidn Gy o4 BSEZOE e hEoRS He
aerated, gheCmiapLnly ansigsphackihiiSighe AHdde ggék {viveh \eoh BERofhaWd20(i1) . ),
density (p), volune-density product ( p), volune-viscosity product (1), 11),
and \6l urthe hempien diroshe|p e ubiith¢ dahpingl asematy/driviomode peatuivadtk dailsl thet ead,

new val ues are obtained upon a next predetermned tinme portion (tj+1).
However %efatgoﬁdﬁteaﬁ%@ 24 §tt%ﬂlef@ﬁ&fe<:frﬁewﬁ89§anéﬁ@ﬁm§1 9t the it isr ded i n

R e R L e

an alternative enbo substantial ly

aer at ed, deheinttheesheldaudirertEinifyg séthpity/divt nielciak avidBdexdvedsnie t he
current time portion (t). In this enbodinment, step 403 could be perforned
as a fir seratoagheesboldaditday beslapmine owy ingedse in thegpresance f aetiabiodet ect ed,

i th,th i ng/ obt ai nj f steps 401 402, 3 .hei ng. ski pped i
the ddent of - debfrBR Gt 0 it RAEE iy DraPE uRER yerd SHERIANPRES, "
vol une- defsk b a Bp QRUHE bfflrefonany BBy WAGES EdrYespbREiGta {pedificksiBdatioamd WO

2011/ 008308PCT/ Us2010/ 022758 vol une-t enperature product (1), T) values
coul d si mp$ponbeampliuslet €bnsequently, the dedls dowy pointecan ba cotmpretid®,the he vol une

flow (1) ’ae%dtio%etﬂrseisflgld(ﬁ)éﬁ ¥ %e%ﬁ(:éeonwsni Iggqntp traﬁ(sjt Cet ae(relltzo’n t%ire?shold 244, then the
meter electronics 20 can determine that the fluid is aerated. For example, the 3-dB

20  down point may fail the aeration threshold 244 if the 3-dB down point is less than the
aeration threshold 244, as the magnitude of the 3-dB down point may drop in the
presence of aeration.

Flow noise increases with increasing aeration, and therefore it is also possible to
detect the presence of gas by analysis of the standard deviations in the mass flow,

25  density, or other measurements from a Coriolis meter. A high standard deviation can
indicate an increase in aeration. Consequently, the standard deviation in the flow
measurements due to flow noise (or other disturbances), can be compared to the aeration
threshold 244. If the standard deviation fails the aeration threshold 244, then the meter
electronics 20 can determine that the fluid is aerated. For example, the standard

30  deviation may fail the acration threshold 244 if the standard deviation exceeds the

aeration threshold 244.
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vol une-vi scosity product ( -1),11,), and volunme-tenperature product (1), T)
val ues are 5accunul at ed, added into respective running totals for the fluid
transf er .wOhel1zao83esul at ed vol une flow (1) accum), when rhe/Uskuod217s8nst er
is conpleted, in sone enbodinents may represent the volune of non-aerated

fluid transferyed. The total n5|t pt ot roc ssed when the fluid
transfer is c F‘%rlagﬂnifrﬁc%‘PrH@r dfellnfﬁ H%?eénaliﬂ‘g]ﬁleg faed fpthght ed or
vol une- V‘Eiegegfoﬁch Bﬁ' &agé 244, uF'ﬁJe r (2;{ LEiRs dehBfes 1A a\ﬁ% TR ﬁmg

density is desira use the UI elng transferred may not be uniform
in natur e:rané\feﬁrel@e&usr @er@tredguﬁhmhiz ket iapanaheaflgidngialiyy indicatdre If kornd transfer
as a whole may be nore useful than an averaged density. Moreover,

el i m nat imb%ﬁm@h@ theIvohene Bpwds; hyidyes caadwsipiajed for tiaze mrtlaﬂs (etéroét ed
portion or portions of the fluid transfer may avoid skew ng

m s- cRar atetestqdaangfiamel iq agreted vplunre(f.) i tcarsbadiyieyd byshe M@le‘cplumﬁévaénsu ty
nmeasurenments will be affected. Not only will the quanti of delivered
fluid dedp®seedoneacratipayelmbiiiectiongo.t.he vui)bk at @mamr@m%ﬂxeeamwnt ofgener at e
i naccurate density neasurenments due to the aeration. In step 406, if

t he net hdermpiergdn@lume ghat iy aesated.y Adterpagivg e th q@r@%ﬁn@tr@rtwﬁewnm?e met hod
pr oceeds bR R AL an AR 3 WIREE AL datkthel LRNSEAD LBl ERTRLE!

the 20 ne Prranc Urement
process igahipd. aOthee hyrafeh fﬁ@bﬁ@fd q@e\tﬁfﬁcﬁﬁ@nseaﬂé icoftehlpldted bii @afveithigrtpe ess.

The fluid transfer nay be conplete when a fluid transfer end signal is
receilfed scape h%thﬂldl@i&%mﬁmaﬁlﬂdﬁmmser The fluid transfer end si gnal may be
received from Cﬁerator ](?) f}r}a/’n anot her devi ce. Altter at i Vﬁ gt d
vibratory flo UGV ERSH SREGE P9 28RS EMRRHEC D %Wd SfoYhe ?‘FeﬂiuaB
tranSferIﬁ&%zﬁ@ﬁ%ﬁ?ﬁﬁa&ﬁén&hgb@a?hﬂﬁﬁ&ﬁ&mﬁﬂgn§ﬁﬁﬂ§bohﬁ&&n@¥ﬁﬁp|e the
vibratory fl oweter can autononously generate the fluid transfer end signal
in sone aentmdiememitsor fort-heratioh diverifimatingrogs fmeNawrplmemtet é"&lmvnhdnd: -r ansf er
thresholdfo;t'5 gorethan a%dctgeterm edtlrre peri o step 407,
wher e t heV§iglice RRqaghementy FrRFetey aipdingBsickied a%ug?wtﬁ@arome A¥ 30f | ui d
t ransker ght ed)
can B8 ddvernt SagPandh Bt Ehg itte LR MELARKRE AT BR ool SRR 0t e
density (R ) / /

accunul at e% aj\e}ﬂ%lfghg@ gfeg slfltc;\é\%fgsg %c ?l Q’? %%?f%c%%z%%ﬁﬁz&%n& Sgiégﬁerrr% I%gt ed
vol ume flthevpfior art. A prior art non-aeration discriminating volume me&@tﬁﬁﬂjanﬂhllkn@t&lkéﬁ)e
represented by eqtuatl on (1), above. The non-aerated vol ume-wei ghted density
(pvol _weilgitasgpuitiny seetiomaddhqrBiels conpri ses a density generated from only
the non- aer at gl il o Ak TFGNG U BRIRE T YR fyr B bEREE et LY

(n vol - wei ght ed) t'hefe ore conprises a re accurate densi 'St he fluid

when 20hertﬁaﬂsfer@ﬂ)hc@&fdﬁ{% ®thé Ehv'fehﬁoﬁ | whel meltﬁod SEnpridek ki ﬂ@as&@lh@ﬁﬂmaﬂed to
be aerated, then the vol une-weighted densi ty (pvol _weighted) wll

subst ant |mbdlqzemmncchtlm raveoEgé). dhn@ep $0f,omlurhe tlomt (v;  dehsityd(pt )y, amdf er .
A non-aerated vol une-wei ghted viscosity ([401-wei ghted) can be determ ned
for the IompeiatuetFansfues arﬂh@asmmd@ea@uerdnk/mbdmms@ hinzedpartige Gt thhe

(,vol -wei hted)ﬂOW

lume - 5 an(? aensny (p;) values are determined from the vibrational response,

as previously discussed and as known in the art. For example, a volume flow rate (v)

25  can comprise v = Uy
P

Step 401 can comprise a start of the fluid transfer process. In addition, step 401
can comprise an iterative measurement step obtained at any time during the fluid
transfer process.

The predetermined time portions (t;) can be of any desired length that will
30  adequately characterize the fluid being transferred. The predetermined time portions (t;)
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accumnul ated vol une-vi scosity product (1)

| iaccun) divided by the accunmul ated volunme flow ( accun) This can be

repr esentwo 2by/meaeat i on (2), above. The non-aerated vol BeEAsRI1gl2ETES
viscosity n(., \,vol-weighted) fromonly the non-aerated fluid portions.
15A non-aerated vol une-wei ghted tenperature (Tdeterm ned far voi-wei ghted)
can be. dave Praterap By ieRtisDy ‘éﬁ“?oriifh’él lﬁaﬁila‘élﬂtéfoe%ot Ve FReDQRRIGHIREN t enper at ur e
(Tvol _V\eicfg)ggig%tconpri ses the accunul at ed vol une-tenperature product (-1)
Taccum) divided by the accunul ated vol une fl ow vol une-wei ght ed t enper at ure
(Tvol _wei ght edh step 402re vésrboidy (BNtdueBabtaised dheOisteiygugtnaebgener at ed
fromonly the non-aerated fluid portions. In step 408, the non-aerated

vol une- wehepstieed- taligantiraly.dhe yisepsipiiigrnadhe tesaivise fipsean estepil f or m

et e SRRSO TR TR o RO B e

wei ght ed tHemsit Metéabt® 1dnth 8f gipandard tenperature. In addition or
alternatively, the 25 volunme-wei ghted viscosity (ILvol-weighted) can al so

be t enper at ur dnstapplds atvetiiméerdersitygmodect doye) 19 engrateddvem et holdse fdaweh as
by using a table or tables available fromthe Anerican PetroleumiInstitute
(API) for(va) duhdeasity (&) measuwementsf devolpmeeiistosityipeodsich( ¥; v iy génaretedei ght ed
density and the vol unme-wei ghted tenperature are used to produce a

cor r esporfdemdhsvelnderitbvd éngiang wssosigy ((Thacssoirementye rghtleaevtempeiurg and t he
vol une- 30 weighted tenperature are used to produce a correspondi ng

st andfr d produs€ vty isadeneratc@uizpmahe sblueeciow &, )wddempentapnéTat e a val ue at
a given tenperature to the value at a reference tenperature. The reference
t enper at uneasuednuents. sThs edlumeribaw ¢ vnpaerisity (pihevolugme-density product (v, p;),

2011/ 008308PCT/ US2010/ 022758 conput ed vol ume-wei ght ed density and/or the
conput ed vedlmewisgesighpwdugt (Stps angd vodume-deraperatude peddyet ('n Tondéresican padge
the quality of the bunker fuel or other fluid. In this manner, the relative
qual ity ofddedéntp prieeus diescead thercose eegwaulaighe Adtarnativiely, dhpelveg flow

vol une-wei.ghted .density/viscosity devjates significantly froma standard
val ve, t idn eResgal YelymsraiRiy Bradest O ids voigmeatisdny pradi bapdsdiboor or
unacceptable. In step 409,, an aeration fraction.i s determ ned S

or evilus PHnEctuBRatreREREL G Tavalies sar BE SelRg vy AP QU REr Ui et hod
accordin eOowthe i nvention can be enpl oyed according to any of the

enbodi nmen I'n order to provide several advantages, if desired. The neter

el ectronics ang stdpuiod, auasiiuid GaddfOdurRichag ce@bnt time portion (t;) is not
substantially aerated, then the method proceeds to step 405. Otherwise, where the fluid
is determined to be aerated, the method branches back to step 401 and the volume flow

20 (v,), density (p;), volume-density product (v, p;), volume-viscosity product (v, 1;), and
volume-temperature product (v, T;) values are not accumulated. Instead, new values are

obtained upon a next predetermined time portion (t;,;). However, it should be
understood that the measurements may be recorded in some manner and therefore may
be available for other use, if desired.

25 In an alternative embodiment, if the fluid is determined to be substantially
aerated, then the measurements may simply not be performed during the current time
portion (t;). In this embodiment, step 403 could be performed as a first step and would
loop back on itself if aeration were detected, with the measuring/obtaining of steps 401,

402, and 403 being skipped in the event of aeration detection. The volume flow (v,),

30  density (p;), volume-density product (v, p;), volume-viscosity product (v, 1), and

22



10 generate a nore reliable measurenent of potentially aerated fluids. The
nmeter electronics and fluid quantification nethod can generate a nore
accur at e woasurms®at of fluid properties, even if thosePprapsesmwioessyary

t hroughout the batch. The resulting mass flow rate neasurerrent i s not
affected by aeration or by anpient e er ture or The resuyltin
vol ume f % @Krmatenﬁea%r B?Péﬁ?t i'5 Tog %ﬁ%@% ‘?f{ STHBS PEOGFETIRE °
el ectroni¢cs and fluid quantification nethod can generate a nore accurate
measur engHBCof fluid transfer, wherein the neasurerrent is not affected by

ceration. | The MRl At LAETIATE, L dlgh e %ﬁﬂﬁﬁﬁtEﬁgéﬁﬁp n e
et od ca GRS aLS: ApRALLEr, l,aﬁ1ﬂr\%1ﬁ£?ﬁ@§£&¥nﬁ§gf0%%t@ 13 il ardhe meter

el ectroni cs an uid" quant atli on ne can Cros neasured
mass af the, bl kg ta&@&ﬁ]fn?d ;@g@dti@%%? At GGy ﬂn@gﬁﬂé ngndfefrefgd vol une. The
met er “el ectronics and fl ul antification net can generate nmeasur enment s
and r ecorgsudbilatddvdumarfloat ( BN, duwihog the fuid freinsfer WRompleted, in some

accum

2011/ 008308PCT/ US2010/ 022758 What is clainmed is: 1. Meter electronics (20)
for quantdnityddigents frhayi @phesemght valusfees i adrined izl travdfectd. ofhe ®t4120)

conpri si n(%pan interface (201) configured to comrunicate with a fl owneter
assenbl y dnsigy mt@r%@&ﬁwrprewéewérn diedlyid d@pyier i cpinmrlgfer omarder & geRgBIngnd a

5 t 2 d to t.h te d f dt
rehsur e & DOMTRC R ot SEy it huciafel TN T oA s RERAr Mhed 1 e
portijgn (\FdlﬁmQ-fweH%ﬁe& ket Gytis @@sﬁfa%'le bé’&‘aﬁ&b theqruRd 9@1%@%1‘21@9&%@&&[? 1A®3) being
characterized by being configured determne if 'the fluid transfer is

non- aer atudfodurin rmgtttrheArmeaiset@r)mqmdf icatmen gioa dérprty (for the ﬂluﬁ)di frangfer as a

pr edet er m d t| ortro IS no rated, then add a volu density

pr oduct (\rlr earay g %@rﬁt}ﬁtﬁr%%avw%@na%quy%\r%oﬂEtmetl?IbaP@ﬁ) and add
t he vol ung rmne a
non- aer at G ot and)of Berty 3RITUE Bh LK MERoR o Boriny B IRHET T 2o s
by di vi drmsfdnaqe@cmmmlﬂ&tvﬁdgwelrrusrehﬁectsnkmgph@ﬁuat If e ftuiddehighlypy 15t he
accunul ated volune flow ( .1) accu he neter electronics (20) of

cl ai {1151 agrated.de érrrﬁltmm@lsm@qﬁléﬁnwaf ba@ﬁac%r et omkyivgiht the qrr@rﬁstyrot (t]Z |
. ‘égal Wle'sc%'rt'ggrglhvffe 3{1 dg%%a{e \%[% éerétné Bl aRoSHE Ul b?%o@zg§wn%tér whd n%e eraalt'es er en

er el'ectronics ., With the

processi riﬁa@c)asette&ﬁ@@%eﬁatdﬂﬁeﬂtyﬂt&@rth@@afangured to: conpare a vibrational
response of the predetermned tine portion %]tl(% to a predeterm ned aeration
ut

t hr eshol d; andn28uwet(sy; ifi the mehleoqoxse?@e@eran the trengerris icompiate, jtherothige
? ﬁ{ Ztsﬁgl i etthhg prolc%re st tlooslt]&)l 46765881%%\73182 awilgrettﬂe ﬂBlrdet(rjaents?errq% rqoetdco?neprlgt e
20  method branches back to step 401. In this manner, the measurement process is

iteratively performed over the entire fluid transfer process.

The fluid transfer may be complete when a fluid transfer end signal is received in
the vibratory flowmeter. The fluid transfer end signal may be received from an operator
or from another device. Alternatively, the vibratory flowmeter can autonomously

25  determine an end of the fluid transfer and generate the fluid transfer end signal. For
example, the vibratory flowmeter can autonomously generate the fluid transfer end
signal in some embodiments if the volume flow drops below a predetermined transfer
threshold for more than a predetermined time period.

In step 407, where the fluid transfer is complete, values are determined for the

30  fluid transfer as a whole. A non-aerated volume-weighted density (pyolweighted) Can be

determined for the fluid transfer. The non-aerated volume-weighted density (pyol-weighted)
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4. The nmeter electronics (20) of claim3, wth the processing system (203)
being further configured to: 30total aerated tinme portions to obtain an

aer at ed tweansfignsiosne (t aerated) -aerated); total all PrCEaSpawoeAs (ti)
of the fluid transfer to obtain a total transfer time (ttutai); and WO
2011/ 008308PCTI/ US2010/ 02275 eterm ne an aeration fraction

(t- aer at S@NIRTBERME a&&ﬂ@ﬁ@%ﬁ\l@ﬂ?@a-c{%&l&wﬂuﬁ @boa@naéiﬂ\aﬁ%%ﬁy 2 at ed) di vi ded

O ok e U AOPL T 4,3 e SRRy SR b

claim3, w e processin em er configured

total aerhettoolh Wild adlad adnsiok e Lo )IRNER AbRRhaLedoNaluE, 1 ow

(aerated); aerate tota () values to o atota
vol une fldewsity pémtratpd fi@ntodgttes nbmac@redafhiidtpontiofst aticimon-deratdd aslatied 1)
tot) as the aerated volunme flow (aerated) aerated) divided by the total
vol uné f I'seighteyldsnsify (Pr@weished) theEcTota eamplises prpeicascyaty) depsity ifeg the fluidyi t h

the processing system (203) .bei fu erq. configured to:, . obtain,a
tenper a AT S pE e AL B O MaSE B gk R SR AL, then |
pr edet er @ Qeluiid R cRBEd d&ﬁhs% 1pJ 1S 2D~ @ibedntid RemMatBtinavéRlgd Rnsity for
15t enperature product (1), to an accunul at ed vol unme-tenperat ure product
(-1) Ta" uhy entanedluid transfer.
A non-aerated volume-weighted viscosity (Lyolweighted) Can be determined for the
10 fluid transfer. The non-aerated volume-weighted viscosity (Lyolweighted) COMPprises the
accumulated volume-viscosity product (v paccum) divided by the accumulated volume

flow (v__ ). This can be represented by equation (2), above. The non-aerated volume-

weighted viScosity (Lyolweighted) 1N SOMe embodiments comprises a viscosity generated
from only the non-aerated fluid portions.

15 A non-aerated volume-weighted temperature (Tyoiweighted) €an be determined for
the fluid transfer. The non-aerated volume-weighted temperature (Tyoiweighted) COMPIrises
the accumulated volume-temperature product (v Tyeeum) divided by the accumulated

volume flow (v, ). This can be represented by equation (3), above. The non-aerated

volume-weighted temperature (Tyoiweighted) 1N SOMe embodiments comprises a
20  temperature generated from only the non-aerated fluid portions.

In step 408, the non-aerated volume-weighted temperature ( Ty, weighted) €an be
used to perform temperature compensation. For example, the computed volume-
weighted density (pyolweighted) Can be temperature-compensated to generate a volume-
weighted density value for a standard temperature. In addition or alternatively, the

25  volume-weighted viscosity (Lol-weighted) €an also be temperature compensated. This can
be done using known methods, such as by using a table or tables available from the
American Petroleum Institute (API) for a bunker fuel or other fuel product, wherein the
volume-weighted density and the volume-weighted temperature are used to produce a
corresponding standard density value. The volume-weighted viscosity and the volume-

30  weighted temperature are used to produce a corresponding standard viscosity value.
Such a table can be used to translate a value at a given temperature to the value at a

reference temperature. The reference temperature value is useful for comparing the
24



determ ne a non-aerated vol une-wei ghted tenperature (Tvol -wei ghted) for the
fluid transfer by dividing the accunul ated vol une-tenperature product (1)
Taccurn) w9 20tosawsunul at ed vol une flow ( accum 20 7. PChaAISREN®R2758

el ectronics (20) of claim6, with the processing system (203) being further
configured to convert the non-aerated vol unme-wei ghted density . .

(pvol _wei C@mmmdo Y@u@e-s\tf%eﬁlafgﬁdiea@wrtcﬁ%@? &enmgrq@qélwae-mglaea yisegsity to

vol une- wej e t roni:cs (20)
o ol ai m o GV ERBRE BRI o DOt ALY Sl tpleDReT | Rhe SR, IBMIES o
obt ai n a rhhnied, the sdagvd yuadi® bdthetbidkpr Ridbtar e msekstd nehgroif thootpnted f t he
predeterm ned tine portion ( is non-aerated, then add a vol une-viscosity

t
product (VDlumgjwaightged d%“—é‘iifr‘fﬂﬁ%ﬂséﬂ dowiatpseigni Bewslytiyom astnderd valug, thepetban) ;

and 2011/ 00 P 2010/ 022758 . det er m_ne non- aer at ed
vol uné\o weqruélﬁlfye t\ﬁ?g’go&gérﬁel((ffor-e\rlglfl-?d\ketlg}a'h?%‘forfoorun? %Cee%%bﬁei‘d transfer by
di viding the gaguwpuet af av@lidAErakiiss RsddisnRh&F WS brdvidusiy disdgged.n) by the

accunul ated vol une flow accun) 59.The neter electronics (20) of claims8,
Wi th the procels mgtes ylereoniceas) flbsi quanfiticatier medofliageordihg to the gwicwiaon he

SRR T R T i oy TR
roscur o UIRAMBSER Ky i RS gt (Bhnd gy 13, T
furtHOr cuentiatpia ecbre ozliablet measuaerhéntiod potencioRy tigratdd flyid$.ofh¢ imetqopr edet er mi ned
time por teilgcr‘gro(ntlcgs)a;nd fluid quantification method can generate a more accurate measurement
of fluid properties, even if those properties vary throughout the batch. The resulting
mass flow rate measurement is not affected by aeration or by ambient temperature or
pressure. The resulting volume flow rate measurement is not affected by aeration. The
15  meter electronics and fluid quantification method can generate a more accurate
measurement of fluid transfer, wherein the measurement is not affected by aeration.
The meter electronics and fluid quantification method can detect aeration in the fluid.
The meter electronics and fluid quantification method can generate a better measure of
energy content of a fuel. The meter electronics and fluid quantification method can
20  cross-check a measured mass of the fluid transfer against a measured and/or estimated

volume. The meter electronics and fluid quantification method can generate

measurements and records of fluid variation during transfer.
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if the predetermned tinme portion (ti) is non-aerated, then add a

vol unme-vi scosity 15product (1),11,) to an accunul ated vol une-vi scosity
product (WP 20t1208308n); determ ne a non-aerated vol une- weCghised 0we6®si ty
(1] r-vol-weighted) for the fluid transfer by dividing the accunul at ed
vol une- vi_ scosi t¥.pr duct (i) i] ,accurn) by the accunul ated volunme flow
accun); andajise ad‘élfgig(-lzsﬁt t he non-aerated vol une-wei ghted vi scosity

(1.1, vol el ohbedtickRofice | RN08E A AHREATN bURLURNRLRG, fGuagn. acr aLed

vol unme- wei ght ed t'enper at ur ter electronics (20)
for quantdlégtiongesa20) eoraptighgan intartsdes(20 &pcorfip@redeioasongheagititoRvitsa ( 20)
conprising an interface %20‘1) configured to communicate with a 25 fl owreter
assenbl y fFwmetgr prsgmbly of ¢ sibreioer flawmetea cadyeceave i Bibsaighrespeisidd and a

procesgsin stem (,203 | ed, 1 he nt e (2 nd configured to
measure. POGUNE HIEI RS eReE fodnt Mo RE R B oGRS oF ¢t he
fluid trapsh@e flow (1) bhea BERS hFer & prddernaRAtiRebodionnay actherided by

bei ng configured to: obtain a’fluid viscosity (Ili) for the predeterm ned

time por tieRfd!with tROsISL&KHNS stehn (Z@@&\%&iﬂg%hﬁfa@mﬁz% gyrfbe roagibate@dodur i ng
the predetermned tinme portion (ti); 2011/ 008308PCT/ USZ010/ 022758 if the
predet er m ned determipoifithefuid transfes inoen-aenatadetiringttbe peadldteamingiditinee vi scosi ty
product (1),11,) to an accunul ated vol une-viscosity product (1) fiaccum
and add the vol ume BA'Y fté) ) to an accunul ated volune flow ( i)accum);

and dgt er m ne ;2 oReARERIRE] YRl PRaUR (N B6h-MbBKRS iHet add® vorghehicagly f or

the fluid 5transfer by dividing the accunul ated vol une-vi scosity product (
fiaccum) by the acqrodhat ephmolanechimolatdd vdlimaeateurity product (v paceum) and

add the volume flow (v, ) to an accumulated volume flow (v, ); and

determine a non-aerated volume-weighted density (pyolweightea) fOr the fluid
transfer by dividing the accumulated volume-density product (v paccum) bY

15 the accumulated volume flow (v

accum )'

2. The meter electronics (20) of claim 1, with determining the non-aerated volume-
weighted density (Pyolweightea) fOr the fluid transfer occurring after a fluid transfer end
signal is received.

20
3. The meter electronics (20) of claim 1, with the processing system (203) being
further configured to:

compare a vibrational response of the predetermined time portion (t;) to a
predetermined aeration threshold; and
25 determine the predetermined time portion (t;) to be aerated if the vibrational

response fails the predetermined aeration threshold.

4. The meter electronics (20) of claim 3, with the processing system (203) being
further configured to:
30 total aerated time portions to obtain an aerated transfer time (torateq);
total all time portions (t;) of the fluid transfer to obtain a total transfer time (t;o);

and
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13. The meter electronics (20) of claim1l2, with determ ning the

non- aer at ed vol une-wei ghted vi scosity

y ,[ivol weizgtwoesdosf or the fluid transfer occurring aft@ecTastémioe2758
10transfer end signal is received. 14. The neter electronics (20) of claim
12, with the processing syste 203) being further configured to:

Conpare ‘a vi brARteTBHaR A BEPEAR Fagsfon @ﬁera@?te@néﬁ%maﬁéﬂe PRRTHDE bl ) to a

15pr edet erm ned aer@ati l.d.; eryrine the predeterm ned tine
SRRl T

portion (ti) to be aerat e Vi ‘response fails the

predeterm ned aeration threshold. 15. The neter electronics (20) of claim
14, with the processing system SZO%,bei ng 20further configured to:

.. aerated- 7 -Thermetst glectipnigs £49) f gEiHck W1BNEC PEOBIIAE AYAAMA PRk Redng r ansf er
tinme l-d:-.total- all, time portions (ti) of the fluid transfer to obtain a
t ot al (StraerstP%rréot%iﬁ 4 t8t al 1. and determ ne an aeration fraction (taerated

L /t.otal, 1 agofdngerdidalosnt FRAS( LY X%lh@;}to(étﬁ@ihaah%}atéd v&%ﬁievﬂ&lﬁg)v‘jgmfl)he
: 0

total transfer tine (t, - Lotal) he nmeter electronics (2 claim

14, with the RHREEBSORIMSHEWTM (s tBRIbRGn hustahesluaRMdwr edt dna: total

fot

aerated volune flow (1), ) values to obtain an aerated volunme flow

(aerated) aer afcedhhindH @éraiio@ﬁhctv&igne ”\Q\ggl_éslthe abra¥é@l veEnkeGIARIAI N § total
volune flow (1)tot ); and WD 2011/ 0G8408PCT/ US2010/ 022758 det er nfi'fié” an

aeration fraction (ditdaebatestotd]l viodinhe ﬂgwt(h;tem)aer ated volune fl ow
(aerated)aerated) divided by the total volume flow (i)tot ). 17. The neter
el ectiponics (20) of claim 12, with the processing system (203) being
6. The meter electronics (20) of claim 1, with the processing system (203) being
further configured to:
obtain a temperature (T;) for the predetermined time portion (t;);

if the predetermined time portion (t;) is non-aerated, then add a volume-

15 temperature product (v, T;) to an accumulated volume-temperature

product (v Tyecum); and
determine a non-aerated volume-weighted temperature (Tyorweightea) fOr the fluid
transfer by dividing the accumulated volume-temperature product

(¥ Taccum) by the accumulated volume flow (v

accum )'

20
7. The meter electronics (20) of claim 6, with the processing system (203) being
further configured to convert the non-aerated volume-weighted density (pyorweighted) tO @
standard density value using the non-aerated volume-weighted temperature (Tyoiweighted)-
25 8. The meter electronics (20) of claim 1, with the processing system (203) being

further configured to:
obtain a fluid viscosity (i) for the predetermined time portion (t;);
if the predetermined time portion (t;) is non-aerated, then add a volume-viscosity

product (v, 1) to an accumulated volume-viscosity product (v [lyceum); and
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5further configured to: obtain a tenperature (T) for the predetermned tine
portion (t); if the predetermned tinme portion (t) is non-aerated, then add
a vol unme-wergpav@msisge product (i), T) to an accunul at ed Polrarseewmp3yes at ur e
product (1) Taccum), and 10determ ne a non-aerated vol une-wei ght ed

t t Tvol weighted) f the fluidt fer by dividi t
accuml at ed volHELRLABRFAPTHE A EHEBIRFON e vaselith Bedi ol ure
fl .1 . i . i ith t

(1w (1) acoum 4 o LA PSRl b8 bt

non- aer at ed vol une-pyethghtatnvlagdosidiie (low (7 - Vol - wei ghted) to a standard
vi scosity value using the non-aerated vol unme-wei ghted tenperature (TvOl_
wei ghted). 19. The nmeter electronics (20) of claim12, with the processing
system (203) being 20further configured to: measure a densi tg épi)‘ for the
pr ededer M-ned themaetspelerganics §20)iof Claa §mathethe PROGESHNE PYECHELOPNCINE ) i s

non- aer at t hen add .a vol.ung-densi: duct (i t 0. an accunul at ed
Vol unre- adntnes PisfnR Bl e SERRHN Bl Al GrdmaPlout. a1 ZE T 2
non- aer at ed vol ume-wei ghted density (pvol _wei ghted) for 25transfer by

di viding the accumul ated vol ume-density product(1) P.m by the accunul at ed

vol ume flldw . Ijheavetgnylectroios (2N ef wktiers, atitcthe pnocsssig2oystoh (20Ribwidy, with
e P 000838, YL S 200, B 0G, LU TED AN SHE,  S0TEERYT ©
2011/1908308PCT/ US2010/ 022758
11.  The meter electronics (20) of claim 6, with the processing system (203) being
further configured to:
obtain a fluid viscosity (1) for the predetermined time portion (t;);
if the predetermined time portion (t;) is non-aerated, then add a volume-viscosity

15 product (v, L;) to an accumulated volume-viscosity product (v taceum);

determine a non-aerated volume-weighted viscosity (Lol-weighted) fOT the fluid
transfer by dividing the accumulated volume-viscosity product (v paccum)
by the accumulated volume flow (v ); and

convert the non-aerated volume-weighted viscosity (Lol weighted) t0 @ Standard

20 viscosity value using the non-aerated volume-weighted temperature (T,

weighted) .

12.  Meter electronics (20) for quantifying a fluid being transferred, the meter
electronics (20) comprising an interface (201) configured to communicate with a

25  flowmeter assembly of a vibratory flowmeter and receive a vibrational response and a
processing system (203) coupled to the interface (201) and configured to measure a
volume flow (v, ) for a predetermined time portion (t;) of the fluid transfer, with the
processing system (203) being characterized by being configured to:

obtain a fluid viscosity (1) for the predetermined time portion (t;);
30 determine if the fluid transfer is non-aerated during the predetermined time

portion (t;);
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5if the predetermined tine portion (ti) is non-aerated, then add a

vol unme-density product (i), pi) to an accunul ated vol une-density product
(1) v acowopplidesmsm ne a non-aerated vol une-wei ght ed deasiusg010/022758
(pvoi _weigh"d) for the fluid transfer by dividing the accunul at ed

vol unme-densi ty .groduct (1) P.. by .t he accunul ated vol flow .1) accum;

and ylf Hie pregeterﬁm)necllo tlme Ro¥t1% )&y pon-geragega thea geéldvq}lgpg- _c\%li% hmad

density |l o vol -wei .Q,. i V, - Usi non- aer at ed

vol unme- wei ght ed teﬁ%é@%tLg&f}‘%\%?i}g%ﬁlg%%&%e1‘%%%#%%%& Q‘r?“ aé“f”@c{h(raoni cs

(20) of claim12, w 8 ' her,. figured

to receive the vi S‘é&gg%ét}ﬁuwaoﬁ(?\?g%)gﬂ%é)%{cg%ﬁaﬂ%@mﬁ@lé@%owg\%mm h%ﬁprret er

el ectronics ( : L i he.: i stem ( i: g

further confi Sdt‘}"'\rteergTlrtle(c)il ?rglg]s?t%% g%@%ﬁ%?ﬁ%@@?gﬁﬁ%‘oﬁ% Qixflﬁe‘%h‘ﬁdg Vi )6re gﬁ édpy

flowrgter (5). 15 t2dhsfelblyldividimpuastcdintabiedotmhéoikcbaty protihict (& 1Qgi.Ng

transferred, the nethod conprising nmeasuring a volune flow (i), ) and a

density (pi) for a pribgecermilaed olurae fomt(an.0ti) of the fluid transfer,

wi th the neasuring being perforned by a vibratory flowreter, with the

met hod bei ng characterized by: 20determning if the fluid transfer is

non- aer ated dugi ng t r 1 A reion (ti), |

pr edet er nll%ﬁ ed u‘lfllien% etﬁ g rgltelgt(gﬁl%(%% f%(ﬁ}og %ﬁd(l)l%ll- larﬁg Fgﬁe(&terﬁﬁé%ge{%% #Ir)]r.é-tagr%ted

vol ume- defssihy-vidi etee Viscofd) (1L Q.8 ed?@&%ﬁb‘&]@l&@aﬂ’s@éﬂﬂ&uﬁ‘ﬁ%sdﬁey aghaguct (1) o
e

v accum) and adding the volune fTow () to an accunul at volume flow ( .1)
accur); transfer end signal is received.

14.  The meter electronics (20) of claim 12, with the processing system (203) being
further configured to:
compare a vibrational response of the predetermined time portion (t;) to a
15 predetermined aeration threshold; and
determine the predetermined time portion (t;) to be aerated if the vibrational

response fails the predetermined aeration threshold.

15.  The meter electronics (20) of claim 14, with the processing system (203) being
20  further configured to:
total aerated time portions to obtain an aerated transfer time (torateq);
total all time portions (t;) of the fluid transfer to obtain a total transfer time (t);
and
determine an aeration fraction (tueraieq/tiotar) @S the aerated transfer time (toerateq)

25 divided by the total transfer time (t;o)-

16.  The meter electronics (20) of claim 14, with the processing system (203) being
further configured to:
total aerated volume flow (v, ) values to obtain an aerated volume flow (v ... );
30 total all volume flow (v,) values to obtain a total volume flow (v, ,); and

tot
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25and determ ning a non-aerated vol une-wei ghted density (r) vol -wei ght ed)
for the fluid transfer by dividing the accunul at ed vol une-density product
(1) P.m Wwo2nhenosamsunul ated volune flow ( accum) WO  PCT/US2010/022758

2011/ 008308PCT/ US2010/ 022758 24. The nmethod of claim 23, with determning

t he non-aerated vol unme-wei ghted density (NA-weighted) for the fluid
transfer occurddﬁtfﬁamaff %%?eratgi?fil §?6ﬂan ‘haafeeg"'j&%ﬁ e gated wlpped{ape V5. 25. The
met hod of claim23, with determning if the fluid transfer is non-aerated
conpri sing: conpar i Hydgd by hatoty valutpe d88se Jof t he predeternined tine
portion (t) to a predeterm ned aeration threshold; and

determ ning the predetermned tine portion (t) to be aerated if the

vibratio 1 i r ter ; i - 26. The
rerhod of Tl ai HORORT Elebfbhits (1 PERAR ] iflile PRALIADJMET eIt [

obt ai 5 anfustkeatddigureainef er tinme (t -aerated); totaling all time portions
(t) of the fluid transfer to obtain a total .transfer tine 15(ttotal); and
det er ni ni ng arPbidp attppcriye (T forthe pesdgtesminaddiae PO (& aer ated transfer

time a -aerat %@'2@3@%@%&1@8& lihe 0%&% g})riggf%gémwd”ﬁle% 2, Wi dhe 27. The

nmet hod of claim. er compris al'rng aer d vol'unme flow (1),
) values to obtain tagmpagbtat@dodiRt WH,)ftb@W accumulated volume-temperature

product (v T,ecum); and
10 determine a non-aerated volume-weighted temperature (Tyorweightea) fOr the fluid
transfer by dividing the accumulated volume-temperature product

accum )'

(¥ Taccum) by the accumulated volume flow (v

18.  The meter electronics (20) of claim 17, with the processing system (203) being
15 further configured to convert the non-aerated volume-weighted viscosity (Lyolweighted) tO

a standard viscosity value using the non-aerated volume-weighted temperature (T,

weighted) .

19.  The meter electronics (20) of claim 12, with the processing system (203) being
20  further configured to:
measure a density (p;) for the predetermined time portion (t;);
if the predetermined time portion (t;) is non-aerated, then add a volume-density
product (v, p;) to an accumulated volume-density product (v p,ccum); and
determine a non-aerated volume-weighted density (pyolweightea) fOr the fluid
25 transfer by dividing the accumulated volume-density product (v paceum) bY
the accumulated volume flow (v ).
20.  The meter electronics (20) of claim 17, with the processing system (203) being

further configured to:

30 measure a density (p;) for the predetermined time portion (t;);
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(aerated) totaling all volune flow (I), ) values to obtain a total vol une
flow ( -1)tot ); and determ ne an aeration fraction ( .1l)aerated tot) as

t he aer atwo 20olesasf | ow (aerated) divided by the total wolrarseomioo2wsgi )t ot
). 25 28. The method of claim23, further conprising: obtaining a

tenperature (T). for the predeterm ned time portion (t); .if the )
pr edet er ni ned I%Fhr?é’r et Heéj flwq@rﬁ%(téé$ Beacratade ieaddr fgrodume-density

Soproauct (1) Ta ur 20t (eban kbR B L SOVBFCIERR i g

non-aerated v = el I ght ed uid
transfer by diq{vei [ r%l‘é;@%tl &gﬁ glgrcahrml a?lglgq%/ﬁlg%%g%{eg%} @é"ﬂ'ﬁ?%mdé)rﬁgc}h%?ug 1)
Taccurn) by the acardnfeabgdividingnhe ht@wnflajedooluimg-dedsi®Sprobecteiphod) bi
claim 28, further conprising converting the non-aerated vol une- wei ghted
densi®y | o the accumulated volume/8pwilei.ghd:¢dfl to a standard density
val ue using the non-aerated vol une-wei ghted tenperature (Tvol -wei ght ed)
30. The nmet hodobveithy rampaerated vohupe-swhgited flenyity {Dobteaicnl i0g Handasdosi ty

(I'ti) for the predeterm ned tj. ortion (ti): 1f th red [Jmn time
bort1on (t1) i 5 nonenerup e B RSAM-TE b TG RGP BOEE
(1),11,) to an accuw%gte@t ed vol une-vi scosity product (1) liaccun); and
determ ning a non-aerated vol ume-wei ghted vi scosity 6] , ,--vol-weighted)

for the fluid 15transfer by dividing the accunul ated vol une-vi scosity

Pr Odlﬁ)t % t hel"haecr(r:lgtrgrjle e%t?(ojni\c/:g I(ﬁ)r)naof fcia?r\ﬁv 1(2, with the processing system (203) being

further configured to receive the viscosity (;) from an external source.

22.  The meter electronics (20) of claim 12, with the processing system (203) being
further configured to measure the viscosity (u;) with the vibratory flowmeter (5).

15
23. A fluid quantification method for a fluid being transferred, the method

comprising measuring a volume flow (v,) and a density (p;) for a predetermined time

portion (t;) of the fluid transfer, with the measuring being performed by a vibratory
flowmeter, with the method being characterized by:
20 determining if the fluid transfer is non-aerated during the predetermined time
portion (t;);
if the predetermined time portion (t;) is non-aerated, then adding a volume-

density product (v, p;) to an accumulated volume-density product (v paccum)

and adding the volume flow (v, ) to an accumulated volume flow (v

accum )’

25 and
determining a non-aerated volume-weighted density (pyopweigntea) fOr the fluid
transfer by dividing the accumulated volume-density product (v paceum) bY

the accumulated volume flow (v

accum )'
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.1) accunm) 31. The nethod of claim30, with obtaining the viscosity (I11i)
conprising receiving the viscosity (lIli) froman external source. 20 32.
The net howloahiialosdom 30, with obtaining the viscosity (I /PCY/UseompoeEshg
nmeasuring the viscosity (Ili) with the vibratory flowreter. 33. The nethod

of claim28, further i g 5bta|an a viscosity (lIli) for the

pr edet er mned en@e%@ﬁp?‘éfﬁlmﬁ%) Wl‘i%f e[t%mamé B¢ BenrApatPdY %mﬁamlglatﬁd(t.) is
non- aer at g n addi |

accunul at eg \?; pﬁ?@*"%ﬂe ggrsfﬁte ;Rl f)drtl rﬁég‘?s?%ﬁhﬁﬂ% %%ld(t%s%%renﬁ%lg né‘lgis

non- aer atreceival.ume- wei ght ed vi scosity ([401-wei ghted) for the fI uid

30transfer by dividing the accunul ated vol une-vi scosity product ( 1)
| LLaccum) by the accumul ated vol une flow( .1)accum; and WO

2011/ Q08 P USZ /0 onver n nated- v | une- ht ed
T scosi iy ORI EER PO MEIRthbRE FERI0 BGlE BT
non- aerat@,@lpfgllﬂgre-wel ght ed terrperat ure (Tv0l_ wei ght ed). 534. A fluid
gquantification method for a fluid being transferred, the nmethod conpri sing
measuring a volommarfgawiptayiondl regponge p? tharredatemaded fime pootien 60 t¢ei ) of the
fluid transfer, wthﬁé@e mea “”t”@rhﬁfr erforrred by a vibratory
flownreter, with thér" ‘?W&Hn% pegt Wy phy: obtaining a viscosi ty

(I1i) for the &E&Qﬁﬁl‘ﬁg%é‘ﬁ&d&ﬂeﬁﬁm@@&ﬁﬁ@ﬁo&bh)@l) hagelelm mtﬁaviﬂratwﬁlfl uid

transfer is non-aeratéd during the predetermined time portion (ti); if the
pr eddOer mi ned ti ne rpgransefailstth presleeomiredraatamn thiesholdddi ng a

vol ume-vi scosity product (I), Ili) to an accunul ated vol une-vi scosity

pr oduct

26.  The method of claim 25, further comprising:
totaling aerated time portions to obtain an aerated transfer time (t,ered);
totaling all time portions (t;) of the fluid transfer to obtain a total transfer time
15 (tiora); and
determining an aeration fraction (tuemaed/tiown) @S the acrated transfer time (tierated)

divided by the total transfer time (to).

27.  The method of claim 25, further comprising:

20 totaling aerated volume flow (v,) values to obtain an aerated volume flow

( “}aerated )’

totaling all volume flow (v, ) values to obtain a total volume flow (v,,); and

tot

determine an aeration fraction (v ) as the aerated volume flow (v .)

aerated tot

divided by the total volume flow (v, ).

25
28.  The method of claim 23, further comprising:
obtaining a temperature (T;) for the predetermined time portion (t;);
if the predetermined time portion (t;) is non-aerated, then adding a volume-
temperature product (v, T;) to an accumulated volume-temperature
30 product (v T,ecum); and
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( 1) Paccum and adding the volune flow (I), ) to an accunul ated vol une
15flow ( i)accum); and determ ning a non-aerated vol une-wei ghted viscosity
In , ,--wbD-20e0yBi0ed) for the fluid transfer by dividi ngCrius2aomearss at ed
vol une-vi scosity product (-1' i] ,accurn) by the accunmul ated volunme flow (
.1)accum) 20 35.The met hod of claim 34, with determ ning the n- aer at ed
vol ume- wei ght éf?tm%giatrymm%@y n@%w&bg)htqdoﬁen}%atweﬂdm-wmg?%rtﬁ‘%ccur ring

after a fluid tran ' j f im 34,
W th determning 1 TRGErGE 5 ARiD BEFEAKERucS BollRE: OBHRAR sl
conparing a vibrati@mal,,)eypbasecwdiulitee vohesetlewnivned).time portion (ti) to
a predeterm ned aeration threshold; and determ ning the predetermned tine
portion (ti) to be aerated if the vibrational response fails the
predeterm ned aeration threshold. 30 WD 2011/ 008308PCT/ US2010/ 022758 37.
The mét hd®: of Bheangihed of £lamss fwdies cpBIPRgngconseting theper-aeratadi®lyvet i ons

to obtain_an r ransfer tj] " - Lotali i | ons
(i) of AHAL AT eeo e b P RBFEY varb RSk P BBoBfihe ang
Sdet er m nj,gigh@b t@fﬁp@ﬁh@@(fvgla%tghim%n (t aeratedlttotal) as the aerated
transfer tinme (t -aerated) di vi ded by the total transfer time a 1
30.  The method of claim 23, further comprising:
10 obtaining a viscosity (L;) for the predetermined time portion (t;);

if the predetermined time portion (t;) is non-aerated, then adding a volume-

viscosity product (v, 1) to an accumulated volume-viscosity product

(¥ Haceum); and
determining a non-aerated volume-weighted viscosity (Lvolweighted) fOr the fluid
15 transfer by dividing the accumulated volume-viscosity product (v paccum)
by the accumulated volume flow (v, ).
31.  The method of claim 30, with obtaining the viscosity (1;) comprising receiving
the viscosity (u;) from an external source.
20
32.  The method of claim 30, with obtaining the viscosity (1;) comprising measuring

the viscosity (L;) with the vibratory flowmeter.

33.  The method of claim 28, further comprising:
25 obtaining a viscosity (y;) for the predetermined time portion (t;);
if the predetermined time portion (t;) is non-aerated, then adding a volume-

viscosity product (v, 1) to an accumulated volume-viscosity product

( v Haccum);

determining a non-aerated volume-weighted viscosity (Lvolweighted) fOr the fluid
30 transfer by dividing the accumulated volume-viscosity product (v paccum)
by the accumulated volume flow (v, ); and

accum

33



-total, 38. The nethod of claim 36, further conprising: totaling aerated
volunme flow (i), ) values to obtain an aerated volune flow 10(aerat ed)

t ot al i ng wDI2oualossse flow () values to obtain a total veCums26lo022768 - 1)1t ot
); and determ ne an aeration fraction ( .l)aerated /tot) as the aerated

vol une flow (aerated) divided by the total volume flow (i)tot ). 1539. The
met hod of cl aiGPMEAHing ihe ﬂ%ﬁr-a%rai;?&r\foglﬁlrﬁa-:wed%mag NISRESIY (?L@m@m ER%Sf(dii‘gaffior t he

predeterm ned ti neaﬁ%o%it?@aﬁ@uéi#gfth& H&EE&%@&H&%&@H&?1t8ﬁg)érj€§1'?% §]TV)OI_ s

non- aer at ed, then I ng” a volunme-tenperature pro

accumul at ed vol une-t.epperature product (i) Ta"un); and 20determining a
non- aer at ed vol une-wei ghted tenperature (Tvet weighted) for the fluid
transfer by dividing the accunul ated vol une-tenperature product (1)

Taccu%n) 3Qly t h& éﬁl?% §1ﬁr%1ltﬁfcgﬁ%ﬁl 81'6!{1{5% olr Q%L{l(?]églﬁg ﬁr':aggéreiérteé,gth{c/ gheﬁlﬁ%r&at hod of

claim’39,” Turth rsi converti ng 25wei ght ed

vi scosi t Yoot i@k siti@d)a \é&uﬁe Flondah dorvd Sie@stefiinkadtinge pisitib (£ the

non- aer at ed vol unme-wei ght ed tenperature (Tvol -wei ghted) 41. The net hod of

cl ai m 34, flfigitahgfer, GRMPTHeSh&@uring being perfohiRad Bplangb@t&gwrﬁeté@MMet he
predetermned tinme portion ét), vvitﬁ t he 30neasuring being perforned by the
vi br at or yn¢thodvreingrcharagrized by008308PCT/ US2010/ 022758 5 if the

predeterm ned tine. port.i on none-éfggrate t hen addi ng a

(ti) oS "
vol urme- densi t \° ?IBH]@&VIEWS}&&& froth Rrede i té[Be\l?B]_ft biensi ty product
(1) Raccum: apgerAfbBENT MeMthid tARTeARMBheAMEY HilEn YISt &dedSned tithel - 6
portion (t;);
if the predetermined time portion (t;) is non-aerated, then adding a volume-

viscosity product (v, 1) to an accumulated volume-viscosity product
(¥ Haccum) @and adding the volume flow (v, ) to an accumulated volume

15 flow (v, ); and

determining a non-aerated volume-weighted viscosity (Lvolweighted) fOr the fluid
transfer by dividing the accumulated volume-viscosity product (v taccum)

by the accumulated volume flow (v

accum )'

20 35.  The method of claim 34, with determining the non-aerated volume-weighted
VISCOSItY (Llyolweighted) fOI the fluid transfer occurring after a fluid transfer end signal is

received.

36.  The method of claim 34, with determining if the fluid transfer is non-aerated
25  comprising:
comparing a vibrational response of the predetermined time portion (t;) to a
predetermined aeration threshold; and
determining the predetermined time portion (t;) to be aerated if the vibrational
response fails the predetermined aeration threshold.

30
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,,voi -weighted) for the fluid transfer by dividing the accunul at ed

vol unme-density product (1) P.n) by the accumul ated volunme flow . 1) accun) (
42. The nmewbadiiahsiBai m 39, further conprising: neasuri n@Ca/usensioeyrs§ pl) for
the predetermned tinme portion (ti), with the 10neasuring bei ng perforned

by the vipratory fl ter;, if the predetermned tinme portion (ti) is
non- aer at¥d, t%ﬁ%@%&cfﬁn%ﬁ%mheﬂéﬂm@m&oduct (1), pl) to an

accurul ated v 129 i . i a non-aerated
ol b wel ght Q3 ek SErd BBtk cb BhRS e Hhica B SRl Sl "oy

di vi di ng t he aotlinpladttede yoltione (thertshd fluidrtedhdtdr t§ obairPa mWtalayarishe time

accunul ated volune flow ( _accum; and / - converting the non-aerated
vol une- wei ght ed der(&@tau)yal(l%voi ~weighted 1 to a standard density val ue using

the nen-aerat %%tééﬁ%iffi\%ﬁ?ﬁ%%%{%&%%gcﬁgﬁﬁ{éat u/{g(gagga;g;ﬁgg ?ef\é\%gg%%l?fie} tim260(|jc 43? The

met hod of clai'm ai ning ey i'sIng Ye¥el vi ng

the viscosity (1) fdipifeadByend RtdlatanSRYEER (t,J# The method of claim 34,
wi th obtaining the viscosity (1) conprising neasuring 25the viscosity

(1,1,i) with the vibratory flowreter.
38.  The method of claim 36, further comprising:

totaling aerated volume flow (v,) values to obtain an aerated volume flow

1 O ( “}aerated )9

totaling all volume flow (v,) values to obtain a total volume flow (v, ); and

determine an aeration fraction (v /v,,) as the aerated volume flow (v___.,)

aerated

divided by the total volume flow (v, ).

15 39. The method of claim 34, further comprising:
obtaining a temperature (T;) for the predetermined time portion (t;);
if the predetermined time portion (t;) is non-aerated, then adding a volume-

temperature product (v, T;) to an accumulated volume-temperature

product (v T,ecum); and
20 determining a non-aerated volume-weighted temperature (T, weightea) fOr the
fluid transfer by dividing the accumulated volume-temperature product

(¥ Taccum) by the accumulated volume flow (v

accum )'

40.  The method of claim 39, further comprising converting the non-aerated volume-
25  weighted viscosity (Lyolweighted) t0 @ standard viscosity value using the non-aerated

volume-weighted temperature (Tyoiweighted)-
41.  The method of claim 34, further comprising:

measuring a density (p;) for the predetermined time portion (t;), with the

30 measuring being performed by the vibratory flowmeter;
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42.

43.

if the predetermined time portion (t;) is non-aerated, then adding a volume-

density product (v, p;) to an accumulated volume-density product

(¥ Paceum); and
determining a non-aerated volume-weighted density (pyopweigntea) fOr the fluid
transfer by dividing the accumulated volume-density product (v paceum) bY

the accumulated volume flow (v

accum )'

The method of claim 39, further comprising:

measuring a density (p;) for the predetermined time portion (t;), with the
measuring being performed by the vibratory flowmeter;

if the predetermined time portion (t;) is non-aerated, then adding a volume-

density product (v, p;) to an accumulated volume-density product

(V Paccum);

determining a non-aerated volume-weighted density (pyolweightea) fOr the fluid
transfer by dividing the accumulated volume-density product (v paceum) bY
the accumulated volume flow (v, ); and

converting the non-aerated volume-weighted density (pyorweighted) t0 @ standard

density value using the non-aerated volume-weighted temperature (T,

weighted) .

The method of claim 34, with obtaining the viscosity (1;) comprising receiving

the viscosity (u;) from an external source.

44,

The method of claim 34, with obtaining the viscosity () comprising measuring

the viscosity (L;) with the vibratory flowmeter.
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