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WD 2004/ 029559 PCT/ US2003/ 026001 PROPANE MEASUREMENT

USI NG A CORI OLI S FLOWETER Background of the Invention
wa200F0zds8 of the Invention 5 The invention i s PE/ES®A3/026001

to the field of mass fl owreter systens, and in

particular, to a nethod of neasuring propane using a

mass PROPANEMEASHBEMINEUSING RIPLIS .Fls?ﬁfl‘é%@ilﬁR

of the Probl em Approxi mately 36,000 bobtail trucks

operate on United States highways and in airports to

del i ver various fuelBackéraaldeofcthe Envadntidnal transfer

t vpi occurs whenever fuels 10 are offl oaded from
Lt’_ﬁé@é’%%@%@m@? trailers. Typically, positive
di spraeemBRtion Brahcl% HRVEGEST flass 1O%hRle: Sehtdis, TR p&ticular, to
vol unes of materials that are offl oaded from these
a methodof measurprgggeprne usinigyn mass iffowmrtedirem lazwrodis tflomet aters
ve obt al ne vernnent approval for fuel delivery
2 S e

45 of nmeters have either not been

t est REprloRin®EEIT IGO0 bybhrell hedcks ¥raed 8nCoRidd Sta@fs highways and in
w t hstanding the rigors of roadable use or they have

aignowvsoe deliver Safieys| foels.uddele @ enstpdiabmansérir tepiedlyuareurs whenever fuels
o) iboqt k [ to..tran I tl i qui t 1.0l eum .

oL BBl SR gt SR BN P IR g

deiiap areinstBl @pentecases Woligndsrodmdtdreal Pheras s fidaded from thése trucks.

crude oil, as _ wel| as_the processing of natural gas.
Pr op&h@reseid, el groskiye ispiacemprt meterohavsrpbipiged government approval
r o, S L Cl : o r .
Tl T KRR, Dothen QEF of RAULE Ha08 Sn8 o b fted o ascertain
whethelktheyaare capabde b Dwithsimsting thetripprd ¢fGohdablcusator tii tve commonly

f use, e.g., ta rural houses having propane tanks
fax’?\lzﬁ‘é}‘%‘fetrﬁ%n‘ﬁ?_%‘ﬁéﬁéu? UW¥sed for heating, autonotive

Pr OPBHRail HatkNHe usddab 'n%ﬂ%orﬂfcgﬁ@p@c?dlaﬁﬁ eihgathg ﬁroducts. The most

di stribution points for fillihg propane tanks that are

cangmon form ofdsh @ espropdneb Rrbpne essults dronhhe Iprdoess dfirefaing crude oil, as
use it becones Iiguid

i a8 i BoeSineart TGl 15 c APTpo aod AL OROPELP, are ofien stored

udefdragdd PNaktBniRa! aHtidlin@aand1Biheb&Bo A€ fmat 5@ udt]] they are needed.
t hese devices, but natural §rgas requires storage at

Bebtgihitfucksasre|uped te trarspoprtbe $Cety remtote poivtsrofrussut.g., it rural houses
astr j Flure of netal stprage vessels. A .
L PERRL:fict Wt e o 38 BHERPIRGHFR 3 propane fucing

stating)rer tohadighterhotd diseibutod homentor AIEAP PkGaté @skshat are used in
pressures. \Wien neasured sal es vol unes are corrected.
reigentigh dgdeguescandsthe like. iPsopppstis praferred: broawsesie beepmpes liquid at low

p@&luyest GHRA" AL el 164! Haf S0 SO0 WhERtiod SIP LAY 'ofis may also be
%Eopgnrnalt?i g’np shed b ng

correction Is y acconpl i y usi
usstlandhesd duvides,sShetdnathartb ghy esquirbe stnegel atagigiRfitamlyegieater pressures

nstitute,.e.qg., Table 24 Volu Reduction to 60F,
Wiﬂ@ﬁ ot B bsalisiain el p ?t.a{%ﬁage vessels.

A problem arises in these sales due to variations in volume that derive from different

temperatures and pressures. When measured sales volumes are corrected for these effects, it
is most often the case that only temperature effects are corrected. Temperature correction is
normally accomplished by using standard published data from the American Petroleum
Institute, e.g., Table 24 Volume Reduction to 60°F, Petroleum Measurement Tables,: API
Standard: 2450 (ASTM Designation D:1250) 1952 American Ed.
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St andard: 2450 (ASTM Desi gnation D: 1250) 1952 Anerican

Ed. 1 WD 2004/ 029559 PCT/ US2003/ 026001 Despite comon
wEe@en2ese” of correcting only for tenperature oPCT/82003/026001

assunption that liquids are essentially inconpressible

at | ow pressures around 150 psi, LPG remains highly

co npD@s@temomwenraptmcq oloporgcting enlsior sawerabire 95 fhe gssumption that
hgﬁﬁy glréte!tsgeflllﬁla]tlf 8156 }[e%sﬂiesﬁ ll@\% ggs%.res 4 %56l LPG remains highly

Fnsensi o chan ges 1 n pre sure an enpe

cohpilessihlt @@tn e Bquhﬁeﬁmﬁtat Shese Quesamngs.r tEIo&at/en/te)nhbposﬂwe displacement

standard conditions, ., at 60F and 150 psia f
mGEesT) AFfe INSCRYHANFe Clinges ;swr%%sws s PMRCES St b g measurement

V, f a b Uty znt e

a%g%cggge?#‘nl{vg 2onts%ﬂﬂ rqz0 ?lgﬁggvggl’ %‘1 thIg %rfgnvlgpt Bﬁﬁeﬁ’f propane.
ConveniBnil @oditist alihddcemend mBRrs ¢anemeasare a:&bluﬁ&pm@lspigced liquid, but

vol une at .standard, press re and tenper
thetsig itasugiirdent peformatins aaf@é%q G AGHET s Wame fq @ sfapdadolume, ic. o

c8es Qﬁdm Sl fat Sthih£Q §1er %?Era‘aﬂr@ cbridt se
pr opane s a notoriousfy poor I cant, an
posi Posz’evejldsqplla&emamnmemai exfsnt btk @r Gilusedert ﬁehiek:d)mﬁﬁons. For

ropane Slnpl wear u as conse nc of
TS| RiRAnE O gaﬂtomus ¥ ineOt s ¢ PO (1SpfRcRgnt meters that
afedlsbd & ESiviefprbPsh fy' \@éaﬁi oﬁﬂpﬂgld? ek 'a‘é@ﬁé%qu&ﬁ@ df @%lt R8rication in
nmovi ng parts of posi | ve di splacefrent nmeters, whi

thehintendechreomdronatent o€ aseir Savivlesanrtbe matenipls hemgulreéweneﬁecan jam the

OSItlve ment neter are Ltlve t

i Eiegiat S pRRkEE ARERe R heRn Foich TEH bRk pasaspiqpent eror.
Fifhdri®rdethe rpoﬁitﬁfe béikplacetednt Réed. arthsénsibrdid icBitfges in pressure,

conbine to provide an unacceptably high neter

tegpeeatars; and,flyid densityt inethg materids beingdalivared. afhesgonditions combine

because
e 5 BByt I BRG] G} iRy il e BB - DECRIRE
appr Meass ﬁowﬂi&f&é‘la@ noe afiemustid)in e applivatienss is partidbeeause they have
not been used in_this intended enV|ronnent of u eis

nethyet ohtainediihe requiyte ragtir mpsevaly oraetheh Wiy mass flowmeters

h%R MBe%G&HQnttﬁg iménded émﬁ{)]?lf‘l%%f FHs@?seth'e rfaét% }1@7 measure mass,
vol une. Sone types of mmss flowreters, especi al

as(?qnporsd:d ®© fdlomeevkers thar saletsapvaslm Itzdceqﬂadeanngmspzfr\a:ﬂwde i Bome types of

er that rect measur nt..of densit
T UmEITE PORERGrats b gt Gt ane O peingppgtaigsin a manner
tHA? Beifinhs & @ikect ﬁféﬁﬁlré‘meﬁé o?-deR@tye Bhd RURBRY is bbfhlabRPds the quotient of
deScribes a net oil conputer fhat uses a Coriolis
n!alsmwetietsmfo Freexsupde, ttﬁS MﬂQumlgnbor 4,872,8hk Aesaribes a net oil computer
se.fl

bt B oL A figterad et el RE LR Bilphae Jnic. US

Phiegt ﬂﬁﬁtsdrtsy687r1e)@ddd@@$oe% QF ComEIfs-dffe@nd itomefek @ledt SotrBetd the density
mass fl owneter operating as a vibrating tube

regdings tfomaesy floworate efects lipvinmess Sovwmetal rapcrling 4s| wvibrating tube
qand.other information for materials flow ng

Coriolis flowmeters measure mass flow and other information for materials flowing
through a conduit. Such flowmeters are disclosed in U.S. Patent numbers
4,109,524, 4,491,025, and Re. 31,450. Coriolis flowmeters have one or more flow tubes of
a straight or curved configuration. Information regarding the characteristics of material
flowing in a Coriolis mass flowmeter must be derived with great accuracy because it is
often a requirement that the derived flow rate information have an error of less than 0.15%.
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through a conduit. Such flowreters are disclosed in
U.S. Patent nunbers 30 4,109,524, 4,491, 025, and Re.

WG g4sss€Coriolis fl owmeters have one or nore PEDWS2003/026001

tubes of a straight or curved configuration.
I nformation regarding the characteristics of materi al
f | owCagelinflawmster opipyt figsals Arosinetoidal pad erepdisplegedva dime or phase

O B TS ST i R AT et
whichl the smbtbAsl Dodh%The2si¥¥l A010ddsOIA Suitry which receives these sensor

PCT/ US2003/ 026001 _ . Car i o%ﬁ%% fl ownet er out put  signals
3

PRt SieRYS oreptireantisafieqtifisrence gvithh precigion andngeberatsy the desired
SBE AR o5 Rty LRGP O B0 G5 SR B 1
f | onAgendies thatgegilatertbe edds and) delivecy df prppais ehuire thei debigering entity

t hese sepsor output signals asures this ti
togPY G GRHES Shoeh VB S gn AP aRbi: Gdte eyl bagefesed to as a
n&h@laeber Tht ireSulfbryt Benl k%é’ésﬂ %epg&?s@%luﬁﬁt R tc8 tHeOadciicy of the
required error of I'ess than 0.15% Agencies that
floemgteniand grast exdeay approvell divley flowmetsr bargd entegadcpracy he
deliyering entity, to pravide.both a gross_volu and "
an adiishr SeRGhPEre (eRshy T etheriniiy T af g positive
didflhacetidnd HRdter, TtAsUred Bh@ b Vided GEHGYs Vslame! MEhgfl@®eter system then
volune to test the accuracy of the flowreter and

adjpsdntthe rerersnyolumsr ased asf ohn T fIETMERCEITs Hased A adjested volume.
U?fo%gt;éél i#%e‘@aﬁﬂra%‘h oY §id ﬁgw}n%te?lé: Y cgniﬁé Aokieter is damaged, the
ownet €f system such as a positive displacenent
etd@t produoebdyrias Rowimpten\betates compemded| wihan thehedjusted volume is
adjusts the gross . volunme based

flog ter systemthen .
04%9}11@% bgped Bn dhe geqss rolympe.gekhig wauldgresat &y upagegpiable errors in the

Qb oA BN off hg. cal i bration of the flowreter is
V%P{n or tglﬁg %?fov(\)n'rgﬁogr ?s damaged, the error produced
by the flowreter becoSeancoypdthedddutimen t he adj usted

vol u IS 15 cal cul ate sed th r0ss. vol une..

Thi < TR e uStREs Sofve s Saspannena by AFEn Tt Adjusted volume of
poBhAHTRIrBRAS WoBRITR NndssOfloR! ARAHOM AUTBRbYNs Fowih®er. Determining the

Sol ution The invention hel ps solve the above problens
adjystetbvelumierfrony themasl v gdte\advantageotisly pesiiane nyire defornyation, less

froma mass flowrate froma. Coriolis flo er . .
PR T PRECT 200U s e Ope) DB S DGR Pdffstand the
rif & Of Bshdablt agealdsdoyndt Gt &1 ih heMimet 6f pidrahétem, | ess

mai nt enance, and greater accuracy. Coriolis flowreters

advaRnagsgupleyofiihe ieation cpapripgsgomethod ¢ thgepropane to a

0 ' 0 ' t : .
B5nEP A BiudfR Rl dRgM HEBRBINCD L LRAE i e veticle
delBletsv el prgpareefrpmotha neantpora vekidket ombe. cubtoiteRNSQACdriolis flowmeter

vehi cl e trapsports the propane to the custoper. The ‘
MERSYFRS FOfIASS péqlt% of the prgpan% as a transport vehL}cle cﬂzﬁvers the propane to the

customer. The Coriolis flowmeter determines a gross volume of the propane based on the
mass flow rate of the propane and provides the gross volume. The Coriolis flowmeter also
determines an adjusted volume of the propane based on the mass flow rate and a constant
value, and provides the adjusted volume. The constant value corresponds to a density of the
propane at a reference temperature.

Another example of the invention comprises an alternative method of delivering the

propane to a customer. A transport vehicle transports the propane to the customer. The
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25 delivers the propane fromthe transport vehicle to
the custoner. A Coriolis flowreter neasures a nass

wo beworwse of the propane as a transport vehi cP@r/US2003/026001
delivers the propane to the custoner. The Coriolis

flowreter determnes a gross volune of the propane
trizsped hicl delivess shef promane fienothet ianspes prghicla iy the customer.  The

I OV| r vol . i gl :
CHSPH R, S0 LS R, M TS i i
délhersrarspiopant @t amsgoraerc oMbk alioridB flawmeter aletbrmines an adjusted

provi des the adjusted volunme.. The constant val ue .
V@lgmeégfﬁbﬁ gropepe hasgd 98 ’%9 mgss {pw raﬁ,@%aq]gorgfangvaulue and provides the

adjfid6d FOGHe! m%ﬂtﬁ{t%ahé%%ﬁfonﬁé(mh&s% ol A& propane at a reference
Irnvention conprises an alternative nethod of

tetigleraterel Ng t he propane to a custonmer. A transport

vehicle trapsports the propane to th tomer. The 3.

V0 208 PESEsE BpeT iR BERBIRE G rnep AL e ERR Rreptige, stid method
cOlebrides thelshs Br:opane fromthe transport vehicle to the

custoner. The Coriolis flowreter neasures a mass flow
r at etrafspotimgseaidguprang 40 & Festememespas a trgnsppit vehiclge| i ver s

t he pr.opane t.o the custoney. Th riQlls fl r

det eﬁﬂ?‘%@ggﬁ?f HRIEY §8m R §Ift§glﬁ181%pt)(l? gaﬁéﬁgg %aééd on

t he ARESurinkcOMVniaE Elowndatd XO&sd Ppadpavial wigh andofisliy fldemeter as said
the 5 adjusted volune. The constant val ue corresponds

propare igdeimgtdplivered FrempsaishEanspert vehiglerie pad castomer;

tenp . S ' ty] i

et odesiis FEe S e U Gt phdRS KD SRR 565 Row rate and
ptovRling epé gals volumesaer ti ng said propane to a custoner

using a transport vehicle; 10 delivering,said. pro e

fro %t_smanmgaa@sa&medv\éqj‘iuaﬁ ol PERITE hatd (fgsaid ma How rate and a
R 00 L RS Te QHl Ao Lol Sl RERAAR e alue cormesponds
td 4 densgpioflptopamsgi arrtfevenke tngpergueai d cust oner ;

Sai aPirigabph B pabas SRS GeBpran e BT R R Gl gonstant value

ROk lPpdeteiiiniinerfade. adj usted vol une of said propane
based on"said mass flow rate and a constant val ue and

pr ov Puifergblyaiadiustiija sié conganinelusvaemprises saiusting weidaganstant value

o 4 ar PSRRI o o Bl BT B Ml e P RRERGS L e

conprigrasblyhadfebiiy ofid adhstaitl Vigues abElp @9 sddjustiny akideconstant value
through a programm ng interface. 20 Preferably,
basefl 9stai degsisapiprepasregoenizad b asegiph PSEOWHYust i ng sai d

Consi’%raﬁ@', lAgjusting said constant value comprises adjusting said constant value

based on a density of propane recognized by a state.

Preferably, adjusting said constant value comprises adjusting said constant value
based on the quality of said propane.

Preferably, wherein said gross volume is for satisfying a requirement of a regulatory
agency for propane delivery.

Preferably, said reference temperature comprises approximately 60 degrees
Fahrenheit.

Preferably, the method further comprises the step of generating a bill for said

propane based on said adjusted volume.
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based on a density of propane recogni zed by said
regul atory agency. Preferably, adjusting said constant
WO a00u@296mpr i ses adj usting said constant val uePChES®A3/026001
on a density of propane recognized by a region of a
country. Preferably, adjusting said constant val ue )
conpfneiBer ameeisel Ay WapRiEopRIBRIFNCS \Faghod 20f deliverng propane, said
mgglgaicg% Hgingli g orecogni zed by a state. Preferably,
adj usti Rg sai d constant val ue conprises adjusting said
constrasponial seid phamad tomcish@neusing aytrafspadivehigeppane.

Preferably, wgr]]erei n said gross vol Lig S f.(gr )
sat | SHFBE i BrprRe R R T Spesustite i s S ey or
Pr opRgsuBRk | & Gla¥s MW FieTo#T AR Yropaad duiitheCEAGAR flowmeter as said
tenperature conprises approxinmately 60 degrees
prepémedn heing delPrasé¢dfroml spid trameparbvéinee tasaidheustamerpand es

{he 3 Rhe 350 BBt sid BRaL Buse oRRASH BRI rae and o
cdBETRA1ISZRO3KB2RA0 baidAvaisher vasBecdrehorids eoi #\RALTYOBS propane at a

conprises a nethod of delivering propane, said netho
refsppeitenplyaiiRe st eps of transporting said propane to a

cust lgllé?err?lﬁg' 19 m%(tﬁo%lq“ﬂﬁl?é? rc% %ﬁg%scdlf éteP g? L}ﬂt&g\{ . &9(} g’(ﬁ{.sga_nt value.
propane from sal ranspor?lve iclre to sal ust omer ;
5 neRtbritly, atdrimgSaid constidtvaluefcofirideqdndraesaith dostant value based
Coriolis flowreter as said propane is being delivered

o ¢ FRSEH 0] PIOPARSTSEPENIZRENYA ELHiatos R AEESYis t oner ;  and
det iyl j LSt I Aj
on S iPRald AR BLl ARG AT BinpfRl oz RAAR ARG value based
orsaiehsitp 0§ paphne/@bognizedriyespgivdof aoantdensi t y of
propane a reference te rature. 10 Preferably,
e PSS O0Y e S EgH B P S OB e FOTBY (s Bferig Bl sl yalue based
o&@ﬂ&lsﬁ?bf}éﬁip&ﬁerec&’%rﬁieﬁr@bi Hate€Ntering said constant
val ue conprises entering said constant value based on
a dePrsfargblpfenpringanid corganfnialedobpriaes entrringtseidyconstant value based
a enc%ﬁ, Prfef.ﬁrabl & entering said constant val ue
Orb@‘ﬁﬂu LT SHE BP9 'sai d constant value based on a
denspieferstily Prsaidanefef e OfthgREAHY omPHERN aPprodimately 60 degrees
country. 15 Preferably, entering said constant val ue
Itses entering said constant value based on a

den Sf’lle¥er%1y,p PR SO (Z,(?Igpltﬁ/es At szllépe of generating a bill for said

propane based on said adjusted volume.

Description of the Drawings

The same reference number represents the same element on all drawings.

FIG. 1 illustrates a Coriolis flowmeter in the prior art.

FIG. 2 illustrates a transport vehicle for delivering propane to a customer in an
example of the invention.

FIG. 3 is a flow chart illustrating a method of delivering propane in an example of
the invention.

FIG. 4 is a flow chart illustrating another method of delivering propane in an
example of the invention.

FIG. 5 illustrates a Coriolis flowmeter in an example of the invention.
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Preferably, entering said constant val ue conprises
entering said constant val ue based on the quality of

wa@200d/oprsepane. Preferably, said reference tenpRCHUS2003/026001

conpri ses approxi mately 60 degrees 20 Fahrenheit.

Preferably, the nmethod further conprises the step of

generating a bil | Detgiled Begcripfi efaveandiogn saj d

ad u%ié.dlvﬁfu?gﬁes QG%I%IJ R ! @&g(ﬁfs hg%n@i V\fonggp-ﬁ%?te? PWerstand the

ref erencé nunber represents e same element on all
itieatdmgSFIGR 2-61 4ad the fdllstingtd@scriptionr degiets spdcifivmekaples of the

.in the prio rt. FIG . 2 illustrates transport
inyERieH & fKh &gvﬁev%iﬂikf%gmp fispdh ot 10y malke agtelse; fhe Jyest mode of the
11??&?13‘@'% erQf thk R dd¥ %méag%nég (Entive E)gm Pfeg,oé@nfé_q&fntventional aspects of

rati ng “a net hod I verl propane in an
thexmnpitonohavet beeni simphifiebor o8Gttéd. GThdsd skilled limhes hrrwill appreciate

O3 i B0 ST B S R o5 b e B GRR0S oo st i
tHedr W11 @Sfréma@ thel fBatdfes AERABLE bebwt 1A VebBIbidedNn vaous ways to

WO 2004/ 029559 PCT/ US2003/ 026001 Detai | ed Descri ption
fom mgBiple vemations of e inventidnsAs attesulh the inyentign is not limited to the

ST s AERERE ot Bt b e SRS BLERF: bgfenc.

peepAEtCHs Fidwmexanmigsi of the invention to teach
those skilled in the art how to nake and use the best

modeFHF. 1 HBusiratasya Gorighs floaymetere S pirthe swioprart e &ORPHY flowmeter 5
i ve Lipgi 0 opal: asp :
oY, K BRI, Ao R AEPAG At deoronis 20
Fhkirhétedeledtrdnig 2 is conhédctatipor foimatter sasor 80 viangathi 10nto provide for -
t hese exanples that fal] within the scope_of the |
Ay, Al BHkes demsitte WP RO rrate fiafaliged TR figypirdetrngtign, and other

il atiolCof&apath 08, des CJahP?Id BF oh&eanp eav%ﬂ?m%: Rggnblﬂs flowmeters

various ways to form mu e variations o
pravidting these méasusennanguinty b¢ prerchaseé fitonoMicre Miation afiBdudder, Colorado.

by t Rverctp il € wEieR giret P BraeS o o1, inaftoid 102, ang
1607 tibdsl 30 MITRIY. Condebed td fI6%Gubds 103AUSId BI38Sar driver 104, pick-

Coriolis flowmeter 5 in the prior art. Coriolis
off] ssuwnss ¢95 Bnd d8hiprand éemperdpre ssinfer 107Towhtace basseH¥oand P06’ serve to

dgfrl]r(lje tgg Et)lcl(s)wgné W%g&t%m% eeacc rffc))w t% e %83A and 103B oscillates.

When flowmeter sensor 10 is inserted into a pipeline system (not shown in FIG. 1)

which carries a material that is being measured, the material enters flowmeter sensor 10
through flange 101, passes through manifold 102 where the material is directed to enter
flow tubes 103A and 103B, flows through flow tubes 103A and 103B and back into
manifold 102 from where it exits flowmeter sensor 10 through flange 101°.

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

Flow tubes 103A-103B are driven by driver 104 in opposite directions about their
respective bending axes W and W’ at what is termed the first out of phase bending mode of

the flowmeter. Driver 104 may comprise any one of many well known arrangements, such
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FIl owmreter el ectronics 20 is connected to fl owneter
sensor 10 via path 100 to provide for 15 nmass fl ow
WO 200e/029ensi ty, volune flow rate, totalized naRGT/UE08/026001
i nformati on, and other. information over path 26. A
variety of commercially available Coriolis flowreters
ayp? pveastpouresste fheva suheeiBrt andhery oprospigr wilamewnted gnflow tube 103B
i 0 =} 0 .
o S Gl D B S L G280 R, R SRE R0 O st
draweckigriall vapplie®by fIowAectsn dletdBes T vielehé d10,ao Hiosy 1t0dbes
103A and 103B are driyver 104, p

; ' ick- 20 off sepsors 105
and Higk-off sgagore g erngt 1% axecifispd 1ot ?eeﬁta%e Rlaflew fiees 1034 and

S8 O B b A M LA oy by v R
tubeo WA -4 03B erilsate, bkt serserst K$-10% gemerge pefirsh pickydT eignal and a

notf shown .in _Fl ich carri a terial. tha

b8t mih sty dtpe fikcaieonE pickiaesiBudly bif Arplipd 5 leads 111 and
18ensor 10 through flange 101, passes through nmanifold

102 where the material is directed to enter 25 fl ow

t ubeTempaAuemsensO3E)7 i affixed ho atidgast prrof Howstube3 N 0Ehd@nd 103B.

103B and back.into manifold 102 from.whgre .ii exit .
TORETARTE stotnd0f TRy Qg fneige Soue Hes shbs i atder to modify
eqt@Bénsafd thO 3Enpereutebe ticesseitl RRHI O caties YeriPitituRdsignals from

to the manifold 102 to have substantially the same
teppperature sensph 7 torflovraeieielectipnias@ér ti a, and el astic

nod [ Lo\ . .

oo pBPala ety P raET e Wi S picksoft sigpals appearing on
leadst VeI dhd/ 11 1'prespentiveBl dFld@néter elactemsey O plokyssphe dlrktednd second

fashion. Flow tubes 103A-103B are dri.ven by driver 104 .
PiFkrofppesls o camputathe mesh e rateniép densiys fethFrpsopdhieiige material
PS8R AARE Mgl gt S0 TR o4 iyl 0ASF by metr
elediromids26 eveypaih @6 of a nhzative nheaks ot slarwraingégendt s, such

6 V\D]éaOM OZiigg Eg!/USZOOS/ 026001 as a magnet nounted
P € =nd an opposing coil mounted to flow
t ubepP 3B 11uaRfest W R14Pb %}51’61:8 280 f& dfivBAkd ﬁx%%ﬁ%hlf fo@\ustotner 202 in
abl e

passed for vibrating both flow tubes. A Sui
ard ekaneple afnthke invendiopl | Erhnbyort veliskst 200 epmptisesrd proproe tank 210, a

vi.a.l gad 110 o _driver 4. Pi ck-off. .S ors ,105 .and
Citdlis BRmapy id ot 5 RS pERS TraghiotE Pltiet3 200 3hle W 3RMtde a pump,
filgtsl vAtvekO 3RcaliBrabipR yhtesh, @R bthedf fedttifesfWiivh tasb geft But for the sake of
measure oscillation of the flow tubes. As flow tubes

brepiga- Cogemer Haineludes arropare glh 3 sHog2 Ifigmuplgs freprapene tank 220
1LS .Gl [ second pi ck-off signal.
to%gb%rip&g&ngnlﬁﬁgeag%%ga%} tcaaﬂgi?‘(? signals are applied to
| eadShel Idllaavilg dbfihitiond @ngye bathelpduls ananderdtliding tlad faveatlon(s). A

to at | east one of flow tubes 103A and 103B.
transport vehicle comprises any Vé:ll\-l]jcle capable of transporting propane, such as a bobtail

truck, a tractor-trailer, etc. A customer comprises any person or entity that receives delivery
of propane. A regulatory agency comprises any individual or group that passes, enforces, or
interprets any law, rule, or guideline involving the sale or trade of propane. One example of
a regulatory agency is the Departmeﬁt of Agriculture of a state.

FIG. 3 illustrates a method 300 of delivering propane to customer 202 of FIG. 2. In
step 302, transport vehicle 200 transports the propane to customer 202. Transporting the

propane may involve driving transport vehicle 200 on roads to get to the location of
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10 Tenperature sensor 107 neasures the tenperature of
the flow tube in order to nodify equations for the

wao esoperEtur e of the system Path 112 carries PCT/US2003/026001
tenperature signals from tenperature sensor 107 to

flowreter electronics 20. Fl oweter el ectronics 20 .
cyséanaén 202 hdranppast velhele JO8 gtedivers dhe erapase dgiom gransport vehicle 200 to

ear, lheads,. ' ' .
oRRg 2o 3ha 92 Rubd Pl ghbne pRESAAFL ik st ok
230 aid fhtiinle sflgnalfshé propampfibm tatile 200 ss tdnk@RAO0r dhestept 3@, Coriolis

density, or other property of .the naterial passi

i .

flowmstsgt 12 memTwee e Masdlow Hie ofrmedormlﬁé@nﬁp%vﬁﬂ‘flﬁ GO delivers

tHeSpr?? el BLuRibnilE R0, @&rﬁﬂfsrﬂ’Métegglﬁ"fﬁfenﬁﬁfeQ a2808Ov@ume of the
uti 1 zation nmeans (not shown in Fig. 1). Propane

pphietesyd on tHel BB fdwirafd oF. the piophussinrséape38a Insams pramples, Coriolis

vehi ¢l 00 f del i [ . t t 02 .
USPEh%2 et oy SeL L 0 BT OPRN L2, Ul BIEE 200 ctrmin
R QRoSITRIMSBZe@oR (HRAANS flow Hatead th@ mebfirbPidrSity of the 6)ropane. The

fl'owreter 212, and a hose 214. Transport vehicle 20 o
gost [vdluaies maynkd fetesatisfying 2 reflireneens ofya|remyatory agency for propane

al i brati.on syste or other, feature I C re | ef
gy ofor R o g B SR St g ot propane
dalivepRngitd B kbR2Q. promle 22dksE QURhRSme@supé@AaNeCordills 2@bmeter 212
to deliver propane fromtank 210 to tank 220. 25 The,
prowides dhngrogetelimei dhgvigig the s prtHme mayieerlye displayige the gross
| Weln . i i -
vl FHUEA, o8 S Phae bt B Bcs VEISEL Br SATELRE I fitss volume to
afAléraidtemt ruck, a tractor-trailer, etc. A custoner
conprises any person or entity that receives de]iver
of prFepaheilowneiydl agls delsgaiies g Fipd 89,1ugwﬂdf the proplne based on
tHeMhe¢! HHR katQand %%Hstﬁlli’ca\;al&aﬁlss% y 3BNf PHE SnstH value corresponds to a
Interprets any law, rule, or guideline involving the
desitg «ff plopamteanh nefeppeneemPamtues.aphee referen@0 tanperature may be 60

regul atory agency..is the Department of ricul t.ure 1
aggidrfrenbe’ Uptio Dorvi gy MavHEY TSt HoL G, (g iding the
aBLRBAYEIUhR AP IRBRE B Playtig ik Gdjudted VRlurid BRoWHZn interface, printing

transport vehicle 200 transports the propane to

theugtostreplup@R or Transfeping ithey grase vopmep ananailyr isysighy eBased on this

driving.tra t vehicl.e 200 on roads_to.get.to the .
gl o B s 86 o8B h RIS SRS G Re DiSbane detivery
nfRde PRperkiid mdthadsp®rt vehicle 200 delivers the

propane fromtransport vehicl.e 200 to custonmer 202 in

st eplBoue expaIpleef tha dnvendop thp eonstanh yalpa gempeses a reference density at

+SPPRAEE LPRNSE Bt b7t AL 4 L 28 Bl 004 coun
sdras@hé Bnitéd Swat dor ZdkBinoed$ew &vrla statesinay ravogtia¢ e refbrence density
ropane as _transport vehjicle 200 deli \ég@ 5.the

the p .
obhrEH é%nt &t SYsdegnese nhesh 10 PFEPALo WHEE Qriila may recognize a
rFELRIIARETy 8 HOATFmY A 60 Begdes Flfrenheit for propane.

In another example of the invention, the seller of the propane delivered by transport

vehicle 200 may generate a bill for the propane based on the adjusted volume determined by
Coriolis flowmeter 212. The seller then sends the bill to customer 202.

FIG. 4 illustrates an alternative method 400 of delivering the propane to customer
202. In step 402, transport vehicle 200 transports the propane to customer 202. Transport
vehicle 200 delivers the propane from transport vehicle 200 to customer 202 in step 404.

8



10

15

20

25

30

propane based on the mass flow rate of the propane in
step 308. In sonme exanples, Coriolis flowreter 212

worg4abese neasure a density of the propane bei PQI/US2003/026001

delivered, and determ ne the gross vol une based on

tfe mas flom1rate and the neasured density of the

15%@1516 PHpang gy dnvly e pennealjnmhosecil 4da s %%@dalmnatmg a flow
F 0

of &6 PR R orPlan? 2100 k10, B SYI0E LoBb e AN

miass Bowg ratt ef theypromnea s gatdpatt vahﬂcle;ﬂ(lﬁ)mheers thed propang to customer 202.

units_.be a rovi de a gross qu asurenent .
S PSP s e SRR R B A SRS BRed on the mas
6% QHienA % doRStafll PsFSe MOUSRBOITEYhd BYMRIME vAlluS ROARY §ﬁ)89d5t 3 density of

gross volune through an interface, printing t ross
PrppanmE,a @fer@n@rtsmpwtur@ Chgolgy Bewmetsr aﬂ@ ptavidearibe¢ h@usted volume.

1 f | ownet 212
PRNFAET e SRR bl OBl s BB b AT o rough an
intefaRe aprintengC EHRSddiNdted Fblignd, rbrSﬁrﬁi%féfﬁﬂg tlhadjeesd tvdMme to another
val ue_corresponds to a densi t ropane at a

syssrer Baeel o e dinclosuce, fhose ﬁ]élﬂ]éd énd @@Wﬁ@rmmceatmyw to modify
eﬁamgopé ofRRIERS: éf%%{i}%gi@% bertdeRl ly@hlo abp.owmet er 212

he a rov |ng the adjusted
lewﬁomternA/E]leé di spl ayi ng the adjusted vol une

t hro |nterf rinting 20 the gross vol une,
{1 anERo g e bk egEitn RS CoialiodRBTg SO0 aBasemple of the
in98ntidnl SCoﬁél?SCﬂ%MEﬁ‘er SE) s Corny Ktidddest H18wihBRr gfg:i:’fré\ﬂ/‘fgk:%/ 530, flowmeter

appreci ate how to nodify existing propane
semearh&ils and pegimmingenterfdce3684. |Fowmetee sangok 536f mbynéde similar to

A 80 RS Sl TR S8 B LK e enor 532,

flswailef eRickoRGEBBY . is @oftidked 0 rreébl‘i?@Eicﬁrbf?fmg%aﬁoﬁ‘&hrt{le flowmeter
5 such as the United ates. For instance, New Yor

seB8QIt B 2nEyoVReiSYy nlezteoracsr B¥0eis efnﬁherd:enﬁgmtyd of prooess kigg pi@k off signals

a .deqgr ees_ F hre for ropa I for
orly SPubed, RS it Ry Hmodtlt Fipaniaf 90 s forher
cadfigtird o Meferankel groésovomme RARIR pﬂopa@ms&sb& bn %ﬂiﬁéseﬂ&{r rate of the
the invention, the seller of the gropane del i vered by
Propass fue wmetes KlesireniondB Grsyfurbereroatigursd 9 fetempine ghadjusted volume

b'?ﬁ g| 1;% ed .vo ermned by 30
f%fc’)é)?l%plg% %\?\%Ig?l m%i? agld AOH tenisends the bill

to Cmgmrmmngﬁﬂterfﬁﬁﬂ%lﬂdwystu@a{ 1©Sena¢1 thé cefish@it ivalie or adjust the
met hod . 400 of delivering the ane to custoner

202
copgfart value psed by Heamster elashprice 5%5(90 fleteraing thes adipgged volume. The
n T
wsf PSR ahiol M e efantTTAST0E b B W Gogglls, oPor instance, a
regulstogneger2flot a setiepr 4€don 08 thaOcAGB/ mEﬁS&%gmze a certain reference
d PCT/ gSZOOS/ 02%001 Del i vering the propane may involve
BIPhEC TR Mo P FIFRG 1CTIRETBTE: dMsichia Fasei thg User gy adjust the

constant value based on the reference density for that area using programming interface

fé{ 212e measures a

534. The user may also want to adjust the constant value based on the quality of the
propane being delivered. The user may also adjust the constant value to calibrate Coriolis

flowmeter 500.
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of the propane fromtank 210 to tank 220. In step 406,
Coriolis flowreter 212 neasures a mass flow rate of
W b@4pespane as transport vehicle 200 del i ver sP€1©S2003/026001
propane to custoner 202. Coriolis flowreter 212
determ nes an adjusted vol une of the propane based on
Whatisrdaimeg if:| ow rate and a constant value in step 408.

The const ant. val ue corres 0 S . .
1odpafas of Bivprd Proied SHHTI SR Putbritflhh B ot amspgpine said
prdbandioVdudRnel Rsing djttagiet webidkend ddivenmgiai@piopane from said

adj usted volune may inval ve displaying the adjusted
trgieparteehisledn §rid gHstomar, avhergi thegnethed w%um Cgeﬁaa@fléfeﬂ by:

vol u t ' t ] 2 JoB :

syt esifine 4, Rt Hdd o ARELHAIAR W L IPOH QP AMHREer oo sid
paphnas beingriel eartd fremhsaid transpad vélyicle 1@ sad cettomer; pr opane

delivyery nethods to perform pethod 400. Corioljs d

Fl owREPEHIIg Figepsseyqhime o Joid RENRRat a5 Bf ool Bresyfigw e an

pﬁfvi(ﬁn%cgi)ﬁ&g,loi@w_gl{n%%der 500 in an exanpl e of the

Invention.” Coriolis flowreter 500 is conprised of
f | owdettmniniigent adpusiadsvab®0s of baadupepene based vorsaii3passaim rate and a

r amm ng, i nterface, 534. Fl qwnet ef sensor 532 my. be
oefitf £T5% Bt oy Rt PR U Fheriih Ca pomsigmt T geromresponds
tdPd @RRAE of Probhiit AGefcfnes ik AtEEt €r sensor 532,
fl owmeter electronics 530 i's configured to receive

pi ck off signals fromthe flowreter sensor 532.

FLownet.er: el ect r.oni i85 f .configured to
2'pb‘§%8]§ghotdhog Cgaﬁn&l% %ﬁﬁérsc?%?%sélg tﬁ%gtglz? fe’r mne a mass fl ow

r at eadjfistinpesaier A vahlcahrobih b pedgammony @ser3e. i s

further configured to determne a gross volune of the
propane based on the mass flow rate of the 20 propane.

35 TRUBRIRS R 200 Bin 23 hclify fd biYRNant AL BithiBideh O

determne an adjusted volunme” of the propane based on

t he adjasifg eaid r@hetaain dalac cloassd ant avdednsiey ofrmgparenrerggnized by a
in{ erface 534 allows a user to enter the constant

TeEHaay @8°%yj ust the constant val ue used by fl owneter

el ectronics 530 to determ ne the adjusted volunme. The

user may want to adjust the constant value for a

4nUhberctloid afetesmiPswhdtein adjustingeaid censi@t vaye Fetnprises:

agency, .or a.stat r .region of the.country nm . .
r ecottiv et riiint TapE Pflan iHBIY §° PriR] bibaguzed by  region
oPa b&ifn@fence tenperature. In such a case, the user may

adj ust "'the constant val ue based on the reference

density for that area using progranm ng interface

534. The u . S . .adj ust .ant
so Rl TRl A e R 3R
del i ¥@ugthg shiteconstant vaye bdlsedoma desity o gropansicaognival biea state.
to calibrate Coriolis 30 flowreter 500. CLAIMS: 9

6. The method of claim 2 wherein adjusting said constant value comprises:

adjusting said constant value based on the quality of said propane.

7. The method of claim 1 wherein providing said gross volume is for satisfying a

requirement of a regulatory agency for propane delivery.
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WD 2004/ 029559 PCT/ US2003/ 026001 What is clained is:
1. A nmethod of delivering propane, said nethod

W@ 0vpsing the steps of transporting said prRPEEOIS2008026001
a custoner using a transport vehicle and delivering

sai d propane fromsaid transport vehicle to said .
8.c e orathod firdaien h wheeiheaith sefeieses ipmnsEature FRRREF S dPPEQKimately 60
: ing a mass flow rate of said propane with
d%e(fgr%iagﬁ%lﬁgé@l owneter as said propane is being
delivered fromsaid transport vehicle to said

custoner; determni a gr.oss vol une, of said propane
9bﬁg%ﬁggﬁd§gF@Hﬂggﬂﬁﬂ%ﬁ%m%§§@ggﬁﬁ“qb?%viding sai d gross
vol u ?era@iﬂg a @il ﬁfr%iﬁgﬂ%ﬁ@ badldal Bl AphswBy Rimeai d
propane baSed on sal ss flowrate and a 10
constant value and providing said adjusted vol une,

1 R e B Gt R PRval R AR EB0RAAos b ek 3P Rtboring said

probartd & B chistoliel R8IngCH MRKIpoHNGeHitle Bt efli9tring dhid Srophe from said
sai d constant value through a progranmm ng interface.

trargpaxt vattelerie sdid qusomen athaicin i arathod iadjuther ichayagiaiiged by:
consg %nstluivg | ahas® gﬁw PAtE of as%dj g}d Ade %{hd aceﬁcg%nhowmeter as said
val uB*Hatee on'%” densit y of "propane recogni zed by a

propgnd iabeihy dalgened frodGaidl trahgortresticld toofaid bstamél; witer ei n
adj usting said constant val ue conprises: adjusting
sai ddelgmEpaaanadiusied i ohsad BoRang Yassd op seigdpess flow rate and a

c a@%ﬁ?n %ﬁgdv@%reﬂl rsgﬁqi OhstaBf v@lugoé{ﬂfe% ond3 to Eieeﬁﬁbh O Pbpane at a

wherein adjusting said constant va
refayemireita@peratdbe. adj usti ng sai d constant val ue based on a
density of propane recognized by a state. 6. The
nmet hod of claim2 wherein adjusting said constant

1vat Et‘PiH@lE):félﬁﬁﬁ1@@&%}E&ﬂpﬁﬁh§ﬂﬁ%@t&f”t val ue based

on the quality of said propane. 3 The nethod of
cl ai entdringmidecansianiovdlel thypughiagrogrosmingingeréaces f or
satisfying a requirenent of a regulatory agency for
propane delivery. 10 WD 2004/ 029559 PCT/ US2003/ 026001

18- TH R etBY BP6laRih 1€ hderBirl ebB@iEdad SRisthnt €fl6s ediEftises:
tenmperature conprises approximately 60 degrees _
Fahr emeéring said constant value based on a density of propane recognized by a

regulatory agency.
13. The method of claim 11 wherein entering said constant value comprises:
entering said constant value based on a density of propane recognized by a region of

a country.

14. The method of claim 11 wherein entering said constant value comprises:

entering said constant value based on a density of propane recognized by a state.

15. The method of claim 11 wherein entering said constant value comprises:

entering said constant value based on the quality of said propane.

11



9. The nmethod of claim1l further conprising the step
of: 5 generating a bill for said propane based on said
w@adjousresd vol ume. 10. A net hod of delivering pPOPEE®)3/026001
said method conprising the steps of transporting said
propane to_a custoner using a transport vehicle and )
18¢1 Theapethed ehrlaim l@pahracin said rsfirenceiterapepWEe CRTBPHLEF @pproximately
' r, wherein the method is further

6@%§§%gggg#§2%ﬂgy: 10 neasuring a nmass flow rate of
said propane with a Coriolis flowreter as said

ropane i s, hein elivered fromsaid transport vehicle
ltL}o et ;1%a4+ﬁﬁ?fe°t°§’rpi’i’i31r’?igﬁ€e P ﬁ]éj usted vol unme
of S%bﬁerﬂﬁr%oéﬁ PS8 pRPaRAbHed B Saill hAWkEALEIuARD @
constant val ue, whereln said constant “val ue
corresponds to a density of propane at a reference
tenperature. 15 11. The nethod of claim 10 further
conprising the step of: entering said constant val ue
t hrough a programm ng interface. 12. The net hod of
claim 1l wherein entering said constant val ue
conprises: 20 entering said constant val ue based on a
density of propane recognized by a regulatory agency.
13. The nmethod of claim 11 wherein entering said
constant val ue conprises: entering said constant val ue
based on a density of propane recognized by a region
of 25 a country. 14. The nmethod of claim 11 wherein
entering said constant val ue conprises: entering said
constant val ue based on a density of propane

recogni zed by a state. 30 15. The nmethod of claim 11
wherein entering said constant val ue conpri ses:
entering said constant val ue based on the quality of
sai d propane. 11 WD 2004/ 029559 PCT/ US2003/ 026001 16.
The nmet hod of claim 10 wherein said reference
tenperature conprises approximtely 60 degrees
Fahrenheit. 17. The nethod of claim 10 further
conprising the step of. 5 generating a bill for said
propane based on said adjusted volunme. 12
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