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23 March 2007 PROPANE MEASUREMENT USING A CORI QLIS
FLOAWWETER Background of the Invention 1. Field of the
Invention 5 The invention is related to the field of

mass flowreter systens, and in particular, to a

met hod of measuring propane using a mass flow ra23March 2007
froma Coriolis flowreter. 2. Statenent of the Problem
Appr oxi mately 36, 000 bobtail trucks operate on United
States highways and in airports to deliver various

fuels. A sale or custodial transfer typically occurs
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2007 4 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.



Despi te conmon practice of correcting only for

tenperature on the assunption that |iquids are

essentially inconpressible at | ow pressures around 150

psi, LPG renmains highly conpressible even in liquid
format these pressures. Conventional positive 23March2007

, displacenent neters are insensitive to changes in

pressure and tenperature that affect nmeasurenent 5
accuracy relative to standard conditions, e.g., at 60F
and 150 psia for propane. Conventional positive
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often a requirement that the derived flow rate information have an error of less than 0.15%.
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23 March 2007 Coriolis flowreter output signals are
sinusoi dal and are displaced in tinme or phase by an

anount determ ned by the Coriolis forces that are
generated by the flowreter through which the materi al
flows. The signal processing circuitry which rec& March2007
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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 fransports the propane to the customer. The
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propane to a custoner. A transport vehicle transports

the propane to the custoner. The 3 23 March 2007

transport vehicle delivers the propane fromthe

transport vehicle to the custoner. The Coriolis

fl owmret er neasures a mass flow rate of the propakdMarch 2007
the transport vehicle delivers the propane to the
customer. The Coriolis flowreter determ nes an

adjusted volune of the propane based on the mass flow
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Preferably, adjusting 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 2 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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Preferably, the nmethod further conprises the step of
generating a bill for said propane based on said

adj usted volunme. 4 23 March 2007 Anot her aspect of

the invention conprises a nethod of delivering :
propane, said nethod conprising the steps of 23 March 2007

, transporting said propane to a custoner using a
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transport vehicle to said custoner; 5 neasuring a nass
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illustrates a transport vehicle for delivering propane
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i s a fleweablgy tsaill tefiaéncat temperaturee tohioprise§  agpliokigateih 60  degrees
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Fhar t illustrating anot her method of de]ivering _
pr opaneréfeably, the method further comprises the step 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 2 Coriolis flowmeter in an example of the invention.




exanple of the invention. FIG 5 illustrates a
Coriolis floweter in an exanple of the invention. 5
23 March 2007 Detailed Description of the Invention

FIG | illustrates a prior art Coriolis flowreter to
hel p better understand the invention.
the follow ng description depict specific exanples of
the invention to teach those skilled in the art how
to make and use the best node of the 5 invention.
t he purpose of teaching inventive principles,
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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 ow tubes 103A-103B are driven by driver 104 in

opposite directions about their respective bending

axes Wand W at what is ternmed the first out of phase
bendi ng node of the flownreter. Driver 104 may

conprise any one of many wel | known arrangenent323§@vwh2007

6 23 March 2007 as a nagnet nounted to flow tube 103A
and an opposing coil nmounted to flow tube 103B and

t hrough which an alternating current is passed for
vibrating both flow tubes. A suitable drive signal is

apR|d BB ddnRWIE HEW 18008 A QR Qﬁop%@s bl n@fledltd QlowttGbe 103B
driver 104. Pick-off sensors 105 nd 1Q5' C}%g affi xe .
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Tder to nodify equations for the tenperature of

t he sysdngitatnatdasck 1127 Gﬁ&fﬁkaﬁtotz&marmewfeﬂm gibed 303fAr amd 103B.
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Fig. 1). P ane Delive Fl GS.
eing ik SBOPR Sevn 10 o T SR fasmilon s papligt by meter
Pl paie 20@vé pah6 e iitilZBizon meandBotahoveniarfig. ).of  t he
|Ipvent . Tr port vehicle 200 conprises a propane
MN is flowneter 212, and a hose 214.
Tr anspuy. @ ivetrated ﬂra%@;ﬂ)mhnbm 2a0 ﬁmda:hveﬂmgj&o;anp togocustomer 202 in
filter Ivs i brati or ot her
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l e [ nk 22 dellvr neef r,om
iR, Shiss o PR st oF Pt S i 78 ot B B ke of
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ransport v Sy, any vehi cl e capabl e of
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pr oA BBl B 92t 385 O BEsORorcs, o
interprets any law, rule, or guideline involving the sale or trade of propane. One example of

a regulatory agency is the Department of Agriculture of a state.
FIG. 3 illustrates 2 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
7



30 a regul atory agency is the Departnent of
Agriculture of a state. FIG 3 illustrates a nethod
300 of -delivering propane to custoner 202 of no. 2. In
step 302, transport vehicle 200 transports the propane
to customer 202. Transporting the propane may i R¥ angh 2007
driving transport vehicle 200 on roads to get to the

| ocation of 7 23 March 2007 custoner 202. Transport
vehi cl e 200 delivers the propane fromtransport

vehicl e 200 to customer 202 in step 304. Delivering
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30 'ERHIEP AW meter 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,
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vehicle 200 may generate a bill for the propane based

on the adjusted volunme determned by 30 Coriolis

flowreter 212. The seller then sends the bill to

customer 202. FIG 4 illustrates an alternative nethod

400 of delivering the propane to customer 202. B&March2007
step 402, transport vehicle 200 transports the propane

to custoner 202. Transport vehicle 200 delivers the
propane fromtransport vehicle 200 to custonmer 202 in

step 404. 8 ii 1 23 March 2007 Delivering the
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mwgmalye Iusedeqnt thé reference density for that area using programming interface

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.

CLAIMS:




density for propane at a reference tenperature. In

such a case, the user may adjust the constant val ue

based on the reference density for that area using
programm ng interface 534. The user may al so want to

adj ust the constant val ue based on the quality of3{Miarch 2007
propane being delivered. The user may al so adjust the
constant value to calibrate Coriolis 30 flowreter

500. CLAIMs: 9 23 March 2007 What is claimed is: 1. A

met hodwrdt is@eamLd NJ Propane, said method characterized

by the steps of neasuring a mass flow rate of said

pr opare Aeethodolmprasusing proping. g mesthod ¢baregterized bicthesteps 96 s
vol ume of  Gadsarify HRAS Bob ASES Q1 ﬁ»ﬁh&é Mm&doﬁm&ﬁh&a

and 5 pra%*dlng sai d gross volune and determ ning an
adj ust ed RN 3 EEsy Vﬂ%ﬁ&ﬁémﬁmﬁ)ﬁ%l"é spidsiass flow rate and

fl 6w pRvidingR6id Fros Riksche Bikd vaI ue and providing said
adj ust ed \é‘%l une, wherein s constant val ue

cor r espond$*PRing ay adjusted W@ﬁgﬁg’l’é‘l" basedomspid fpass flow rate and a

t enpecabtaiteralud Gmﬂproﬁﬂllﬁg 317 ztdji@te@ ¥olitna, wheteirf said ddfdtant value corresponds
ustl n sal d constant val ue

fﬁ?&rj‘!&h b‘?8§?‘8¥ﬁﬁeﬁbaf?ﬁ% teRFTatYe. The net hod of

claim 2 wherein adj ustl ng sai d constant val ue

G4 EB meRbh BB B posiiang e St cgut at ory

agency. 4adjmgmmmwﬁémuwg12 plogfatiniingidieradel NQ
said constant val ue conprises: adjusting said constant
val ue based on a density of propane recognized by a

\r/vl(: gi 8n Thernethod of thim 2. whfkintadjufiig sﬁidltobmﬂfralﬁd oD miptists:
ereln I N nt .val ue. cq sSes
et ot Bl SBhdtn AR Haled G 2araB et Bpine,fecosnized by s

@b opeegdatogoggmiyzed by a state. 6. The nethod of claim
2 wherein adjusting said constant val ue conprises: 25
adj usting said constant val ue based on the quality of

sai 4. pFiepeetied of clefin2 whertih adjusting sdid bonstaht Wb@hﬁhm

- Pequi remeapssd 4 BERimYaiposcdancs fend offpaerecoenized by  region

del ioferguntt80 8. The net hod of claim 1 wherein said
3eference tenperature conprises approximtely 60
egrees Fahrenheit. 9. The nethod of claim!]l

conpr Ts¢ methodhef cidim |2 wherein adjusting said constant value comprises:
adjusting said constant value based on a density of propane recognized by a state.

6. The method of claim 2 wherein adjusting said constant value comprises:
25 adjusting said constant value based on the quality of said propane.

7. The method of claim I wherein provxding said gross volume is. for satisfying a
Tequirement of a regulatory agency for propane deIivajr._ -

30 8 The method of claim 1 wheérein said reference tperatm‘e comprises ‘apmoﬁmatdy 60
dt_ag_réas Fahrenheit.

9. The miethod of claim 1 oompnsmg the stcp of:

' generating a bill for said measured propane based on saxd adjusted volume.
10



generating a bill for said. measured propane based on
said adjusted volune. 10 _ 23 March 2007 10. A

nmet hod of measuring propane, said nethod characterized
by the steps of neasuring a nmass flow rate of said
propane with a Coriolis flowreter; and determ n2Bdarch 2007
adj usted vol une of said propane based on said nass
flowrate and a 5 constant val ue, wherein said
constant val ue corresponds to a density of propane at
a reference tenperature; providing the adjusted
volunme. 11. The nethod of claim 10 further conprising
t he st th 4methgd efimeasuring proping, seidiredtadchaasterized by begjtpsaf:

progranmi n Qnéa§lﬁ-iﬁ§£ A& flovaate I Gid Swith a @Lﬁ(iifpﬂg)gvmeter; and

wherein entering said constant val'ue conprises:

entering s&PEredRgansiusied volamp o eaid prapase dased pr geidymass flow rate and a

Pr apanensi@f Gk Z@ferlll s@id doRG: ARk YeoRt BB to 1 ddmity bFPropane at a
nmet hod of claim 11l wherein entering said constant

val ue ¢4 temReratWet or j ng sai d constant val ue based on

a density ploviding@RRGjusBrRMMezed by a region of a
country. 20 14. The nethod of claim 11 wherein
entering said constant val ue conprises: entering said -

const ant ThahetRodoTshkk DfuRhd 6stShrisingGhe fMpFane

Qﬁgognized by. a §£ate. 15. The nmethod of claim 1l
rein en‘f"é%/"l“ﬁ' S opngtant g thropely a pagrapging integece.

entering said constant val ue based on the quality of

said ane. .25 16.. The nethod of claim 10 wherein

sai d ?@P&F&*@degﬂﬁ@r'&t‘ﬂl@wfﬁﬁﬂs said copsaRtRIUR BYTATIes: 60

degrees Fahtefiih il . codsfant MaRe RERIOEn Of dedsRy Bf Jfopane recognized by a
risi the step of. 30 generating a bill for said

conp
pr opd B IBIYAEEY sai d adj usted vol ume. 11
15

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. )

20 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:
enfering said constant value based on the qual:ty of said propane.
25 - | |
16. The method of claim 10 Wherein said reference temperature comprises spproximately
60 degrees Fahrenheit. |

17. ‘The method of claim 10 comprising the step of:
30 " . generating a bill for said ppropane based on said adjusted volume, -

11



