SI NGLE | NPUT, MULTI PLE QUTPUT FLOW METER Background of the Invention 1.
Field of the Invention The present invention relates to a single input,
mul ti pl e wotzpastosiiseow neter, and nore particularly to a scmgiseocosopuBs

mul tiple output flow neter that can be used for netering fuels and
alternative fuels. 2. Statenent of the Problem Vibrating conduit sensors,

such as Coriolis mass flgm Eﬁwuf,wg\%ﬂ%yEmprﬁ- IB%OWW'?ERQ noti on of

a vibrating conduit that confains a materi a roperties associ ated
with the material in the conduit, such as mass flow, density and the |ike,

can be determ ned by processjng neasuyepent, signals received fromnotion
transducers associ at ed vm'thsé?'fg‘gf ?Fﬁ'ﬁl'éw\??'ﬁ'roé‘cion nodes of the

vibrating material-filled systemgenerally are affected by the conbi ned
mass, stiffness and danping characteristics of the containing conduit and
t he 1Bat ef.i &eld ofithe myentiberein. A typical Coriolis nmass flow neter includes
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and- coupmeteringiisiels and glteinativaifuelsri ol i s mass flow measurement application,
a conduit is excited in one or nore vibration nodes as a material flows
t hrough the conduit, and notion of the conduit is neasured at points spaced

al ong t hg. Siadwidnt dbtke Pedblem 1 s typically provided by an actuator, e.g.,
an el ectronechani cal device, such as a voice coil -iype driver,, tg,at
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15  motion transducers associated with the conduit. The vibration modes of the
vibrating material-filled system generally are affected by the combined mass,
stiffness and damping characteristics of the containing conduit and the material
contained therein.

A typical Coriolis mass flow meter includes one or more conduits that are

20 connected inline in a pipeline or other transport system and convey material, e.g.,
fluids, slurries and the like, in the system. Each conduit may be viewed as having a
set of natural vibration modes including, for example, simple bending, torsional,
radial, and coupled modes. In a typical Coriolis mass flow measurement
application, a conduit is excited in one or more vibration modes as a material flows

25  through the conduit, and 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 transducer locations. Two such

30 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 sensors are

connected to electronic instrumentation by cabling, such as two independent pairs



connected to electronic instrunentation by cabling, such as two i ndependent
pairsof wires. The instrunentation receives signals fromthe two pickoff
sensors amo2proenses the signals in order to derive a masastéosmwsias e
measurenent. Flow neters are used to performmass flow rate neasurenents
for a wwde variety of flow fluids. One area in which Coriolis flow neters
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further conprises a ow sensor el enent coupled to the flow divider,
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a challenge exists in being able to develop a cost-effective fuel meter that can
provide two simultaneous fuel flow measurements.

20 Summary of the Solution
The present invention helps solve the problems associated with dispensing
and metering of fuels, such as the dispensing and metering of alternative fuels.
A single input, multiple output flow meter is provided according to an
embodiment of the invention. The flow meter comprises an intake conduit adapted
25  for receiving a fluid flow and a flow divider coupled to the intake conduit. The flow
divider divides the fluid flow into at least a first flow and a second flow. The flow
meter further comprises a first flow sensor element coupled to the flow divider,
including a first output conduit, and is configured to generate a first flow signal
corresponding to the first flow. The flow meter further comprises at least a second
30 flow sensor element coupled to the flow divider, including a second output conduit,
and is configured to generate a second flow signal corresponding to the second
flow. The input flow can be metered through the first output conduit by the first flow

sensor element, can be metered through the second output conduit by the second
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fl ow sensor el enent coupled to the flow divider, including a second out put
conduit, and is configured to generate a second fl ow signal correspondi ng
to the sewondoddooied The input flow can be netered throughTituseoosSionass out put
conduit by the first flow sensor elenent, can be nmetered through the second
out put conduit by the secondfl ow sensor el enent, or can be sinmultaneously
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intake conduit, at Ieast part of the first output conduits, and at least part of the
second output conduit. The input flow can be metered through the first output

20  conduit by the first flow sensor element, can be metered through the second output
conduit by the second flow sensor element, or can be simultaneously metered
through both the first output conduit by the first flow sensor element and through
the second output conduit by the second flow sensor element.

A method of forming a single input, multiple output flow meter is provided

25  according to an embodiment of the invention. The method comprises providing an
intake conduit adapted for receiving a fluid flow and providing a flow divider coupled
to the intake conduit. The flow divider divides the fluid flow into at least a first flow
and a second flow. The method further comprises providing a first flow sensor
element coupled to the flow divider, including a first output conduit and configured

30 to generate a first flow signal corresponding to the first flow. The method further
comprises providing at least a second flow sensor element coupled to the flow
divider, including a second output conduit and configured to generate a second flow

signal corresponding to the second flow. The input flow can be metered through

3.



to the intake conduit. The flow divider divides the fluid flowinto at

| east a first flow and a second flow. The nethod further conprises

provi di ngve 2bea®i199] ow sensor el enent coupled to the fl eardiseoodeng13s
including a first output conduit and configured to generate a first flow
signal corresponding to the first flow. The nmethod further conprises
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driver for vibrating east one first flow conduit, a second driver
f or vi br #owrig abbet fartyHfamsdegrees.

In yet another aspect, the flow divider divides the fluid flow into the first flow

and the second flow and wherein an angle between the first flow and the second
flow is about ninety degrees.

20 In yet another aspect, the first flow sensor element and the second flow
sensor element comprise at least one first flow conduit for transporting the first flow,
at least one second flow conduit for transporting the second flow, a first driver for
vibrating the at least one first flow conduit, a second driver for vibrating the at least
one second flow conduit, two or more first pickoff sensors for measuring the

25  resulting vibratory motion of the at least one first flow conduit and generating the
first flow signal, and two or more second pickoff sensors for measuring the resulting
vibratory motion of the at least one second flow conduit and generating the second
flow signal.

In yet another aspect, the flow meter further comprises meter electronics that

30 receives the first flow signal and the second flow signal and generates a
corresponding first fuel flow measurement and a corresponding second fuel flow

measurement.



one second flow conduit, two or nore first pickoff sensors for measuring
the resulting vibratory notion of the at | east one first flow conduit and
gener at i nyotzb@/Mirst fl ow signal, and two or nore secone#Cpiusk@shoasnsor s
for neasuring the resulting vibratory notion of the at |east one second
fl ow conduit and generating the second flow signal. In yet another aspect,

the flow nmeter further conpr r C s. that receives the first
fl ow signal and the second fP§§§r|FS'ﬁB OH %gﬁgir es a corresponding first

fuel flow neaFiGetilusirates aOmruhesﬂpret&; conopuising adlow rater assembly and
measur enent . Desctr rﬁ)tlon of the Drawings FIG 1 illustrates a Coriolis flow
met er coMGiPsEIREIrANICPow net er assembly and neter electronics. FIG 2 is a

di agram of a ?r\?gi s am\granﬂw é 'sFHg‘Pe mpw%u&.b%@@heﬂo@%e@ iagoidingitb

enbodi nent of e inventton. IS a diagram of a single input,
mul tigpl eanmmmdlmmwﬁﬁteelnvanhm di ng t o anot her enbodi nent of the

condui t . the F19s3 A dadtabEifaRinde hetfrbIBpl RuebE ot bR ui ng
t o an enpadinee@impddimeat bhthenhventioret ai | ed Descri ption of the | nvention
FIGS. 1-4 and the follow ng description depict specific exanples to t each

t hose skil | edFiG. 4 showsta fasw afdhagreingibatigsludes tb@gmtah@&@nawt,tm@ first
| nvent i °§ngu? ggbéi&t a“fh%e SHond ngpf" Hd&lYteéBdoY&{mgrtg%%Bﬁdm? f 3he 1 the

convent i 2 RavE Deen ST or om osé sKi
art 1911 irpjeptien) ate variations fromthese exanples that fall W|th| n the

scope of the invention. Those skilled in t art will appreciate that the
features described bel ow Q@ﬁ?'ﬁ%’ @SW'HEB“ ORtbSrlNﬁﬁgt'%ys to formmultiple

variations of F@g. 1l &Ry i oy PE%H;:{;:rontciC;ér'ﬁlbﬂ%?é&ﬁfhPék rip8lio ket ed to

t he specific exanples escrl ns an eir
equi val etticse $Killed ib mblarshowttesmake(bnd akeghé beat mmderofﬁhemmmsnngfm{ fl ow
nmet er assgenbl er, ctronics 20. Meter electronic i
connect et§ Bu%&sgroﬂgg&ﬁgg )pven ive principles, some conventiona aspects %ave been
15  simplified or omitted. Those skilled in the art will appreciate variations from these
examples that fall within the scope of the invention. Those skilled in the art will
appreciate that the features described below can be combined in various ways to
form multiple variations of the invention. As a result, the invention is not limited fo
the specific examples described below, but only by the claims and their equivalents.
20 FIG. 1 illustrates a Coriolis flow meter 5 comprising a flow meter assembly
10 and meter electronics 20. Meter electronics 20 is connected to meter assembly
10 via leads 100 to provide density, mass flow rate, volume fiow rate, totalized
mass flow, temperature, and other information over path 26. It should be apparent
to those skilled in the art that the present invention can be used in any type of
25  Coriolis flow meter regardless of the number of drivers, pick-off sensors, flow
conduits, or the operating mode of vibration.
Flow meter assembly 10 includes a pair of flanges 101 and 101', manifolds
102 and 102', driver 104, pick-off sensors 105-10%', and flow conduits 103A and
103B. Driver 104 and pick-off sensors 105 and 105' are connected to flow conduits
30 103A and 103B.
Flanges 101 and 101' are affixed to manifolds 102 and 102'. Manifolds 102
and 102' can be affixed to opposite ends of a spacer 106. Spacer 106 maintains

the spacing between manifolds 102 and 102’ to prevent undesired vibrations in flow
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10 via |l eads 100 to provide density, mass flow rate, volunme flow rate,
totalized mass flow, tenperature, and other information over path 26. It
shoul d beweppavmntst o t hose skilled in the art that thepprasess/odésenti on
can be used in any type of Coriolis flow neter regardl ess of the nunber of
drivers, pick-off sensors, flow conduits, or the operating node of
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mani f ol ds to prevent undesired vibrations in flowonduits 103A
and 1%3 BthrWJgh fibiwosondetitsr1 O3fsand I1P3Bcaridsbacisiste edtletmanifold s wmhess 8t em

(not shown) whi.ch carri.e rial I ng neasured, material enters flow
net er as?é&ﬁ)mtﬁbaﬁméﬁoﬁﬂé%@ﬁ 1§§sses t hrough inlet nmanifold 102
where the tot erdlova&aﬁaﬁut@ﬂomtemal 038 sreléslesteatarida fiafdlpmameditd s 103A
and 103B, flows through flow conduits 103A and 103B and back into outl et

mani f ol diniebmaniield 1QZ and outlelemanifeld sKipg asdothavebsiantiali the samer| ow

conduits t | et

ani 1ol oS URGRYA0H drBhEaRY of flefi M, ORRCRMS dadRitthg Auld ' e
mass1@li syi-pwhh@ W'-vorespsctiviely. nThé iflow cortiuttsasndttend outhardly facbmtihebendl ng
axes WWand W-Wrespectively. The fl ow conduits extend outwardly fromthe

nani f ol dsnarnf%nlﬁ weareassentially paraliel éashiehi on. Fl ow condui ts 103A and 103B
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opposing coil mounted to flow conduit 103B. An alternating current is passed
through the opposing coil to cause both conduits to oscillate. A suitable drive
signal is applied by meter electronics 20, via lead 110 to driver 104.
Meter electronics 20 receives sensor signals on leads 111 and 111/,
20 respectively. Meter electronics 20 produces a drive signal on lead 110 which
causes driver 104 to oscillate flow conduits 103A and 103B. Meter electronics 20
processes left and right velocity signals from pick-off sensors 105 and 105" in order
to compute a mass flow rate. Path 26 provides an input and an output means that
allows meter electronics 20 to interface with an operator or with other electronic
25 systems. The description of FIG. 1 is provided merely as an example of the ‘
operation of a Coriolis flow meter and is not intended to limit the teaching of the
present invention.
FIG. 2 is a diagram of a single input, dual output flow meter 200‘ according to
an embodiment of the invention. The flow meter 200 can comprise a dual output
30 meter, as shown, or can include more than two outputs. The flow meter 200 can be
used to meter a first flow and a second flow of a flow fluid, such as a fuel. The fuel
can include traditional fuels such as gasoline and diesel, and further can include

alternative fuels, such as compressed natural gas (CNG), liquefied petroleum gas
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Meter el ectronics 20 receives sensor signals on |eads 111 and 111",
respectively. Meter electronics 20 produces a drive signal on lead 110

whi ch cawexoavioymp 104 to oscillate flow conduits 103AramdSi@3Bocikéet er

el ectronics 20 processes left and right velocity signals from pick-off
sensors 105 and 105" in order to conpute a nmass flow rate. Path 26 provides
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Fle 2 Gontegalgiesingt oes fiay Dalsriak cam BaIMBEeR AN AR VS I BPRREbr di ng
to an enpr%jaggé}&)ﬂgh dritEcibipygnti on. The flow nmeter 200 can conprise a dual
out put meter, as shown, or can include nore than two outputs. The fl ow

met er5200 can The flovetheter 2809 includds a sasing &0 1amo intakeonduitiZOR, afflaav f | ow
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alternatives to 9asollne and diesel, including fuels that conprise various
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t hat ot her fl terl .can. be . Al t he
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i nt ak@ cQEdUiHe Sdbbndldw sehsbvéldren?205, at Ibasispart bbthesimtei@ caiduie202,284 and
a corresponding first output conduit 206, at |east a second flow sensor

el ement pstpad of the firdQuipidh sRdcit 2503 eagiaartiek (heECoRH PRk Ter
el ectronicalyald 2074t %@I@?ﬁ%érgﬁgtﬂﬁ% thBSnik@ a2 g%"firsft Bﬁt ! st
, e second f 205, at

fl ow sensor el enent ow sensor el enment ast part
of the i goaleit206dand tiO8ecard beipsit cpaduit 207 the exterxt oouvithe casimgu2®1 #06,
and at |east part of the second output conduit 207. It should be understood
that the SCRSROPOIRARRE. 202, the first output conduit 206, and the second
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t he first flow sensor element 204 and the second flow sensor element 205. The first
flow sensor element 204 is coupled to the first output conduit 206 while the second
flow sensor element 205 is coupled to the second output conduit 207. A flow fluid
enters through the intake conduit 202 and the flow divider 203. At the flow divider

20 203, the flow fluid can flow through just the first flow sensor element 204, through
just the second flow sensor element 205, or can flow simultaneously through the
first flow sensor element 204 and through the second flow sensor element 205.
The flow fluid flows through one or both of the first flow sensor element 204 and the
second flow sensor element 205 and exits out of one or both of the first output

25  conduit 206 and the second output conduit 207. A first flow signal and/or a second
flow signal are generated by the first flow sensor element 204 and the second flow
sensor element 205 and are fransmitted to the meter electronics 20 via the leads
100a and/or leads 100b. The meter electronics 20 receives the first flow signal
and/or the second flow signal and generates a corresponding first fuel flow

30 measurement and/or a corresponding second fuel flow measurement. The first and
second fuel flow measurements can be used by the meter electronics 20 to conduct
a fuel transaction, and further can be transmitted to an operator or other

computerized device via the path 26. Consequently, the input flow can be metered
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first flow sensor el enent 204 and the second flow sensor el ement 205. The
first flow sensor elenment 204 is coupled to the first output conduit 206
whi | e t heweao@mmdifobow sensor el ement 205 is coupled to trhe/tse@snobicit put
conduit 207. Aflow fluid enters through the intake conduit 202 and the
flow divider 203. At the flow divider 203, the flow fluid can flow through

just th | | I

Ll orent - BUSh e B PR RLeofpFRRs (Ao he it A RehHG plofifori 20 1Can BT, Senser
el enent AiEtemudhrdughuthie sdwonsemudpdt ¢oraluits2(sby the seeord ROB sefker éleaverit! ui d
fl th h .both of the first fl el t. 204

o B o0 b S i O B PRl AR B
out put cgndtick ga&%eﬁ‘ﬁér bf&néﬁ%ﬁaﬁ&'i%hgﬁ&@ﬂééon@@utpﬁg IE:bhél!lit bbpwysthenal

and/ or a secon ow signal are generate the first ow sensor “el enent

204 and sheondfowdenisonelenmznir208. divshouldd® understaod thahthe iewmeter 28 net er

| ectronics.2Q yia the |leads 100a and/ T | ect roni
20T ccel 683 il Fodre ppE VG iR EhEE IS EshRerr B e bR "
generates a CqheSrwRRid J0T giVidedehe inpuy flsveimts tHehiist 80w/ a@1d the second
correspondi nglasecond fuel flow neasurenent. The first _ and second fuel flow

measur enéiaws loanepembedinent af ke fiewdivider b3 divedlove divideriidivides thael

comat or (9B ACRRIelT S0 B BRSETE theiod AnfiInSREEBI RO ip BRERL |
WFt e @?t g%rgplﬂgea Ebgréés[ dh amdtiert erabodimént 2@ flow tividér 263 divides theriaor
el enen :

be netered through the secoa&l out put ?ondu{ab 2g7. b¥ t he
second f flewssuhergin an @rgla betweendhe st fiaw anethe sae8nd FloWHe AEPEENIERbugh
bot h t he . t | i@ﬁ' f RIB and
t hr ough tdﬁgFéséeségﬁgngﬂltd ;%]g@%ér\rgﬁﬁa %ﬁ y t%gﬁggcdﬁé\é f??\/\ﬁ ';ogﬁjsor gfeel %%t
205. |t exagipleheOtmatarieodre battetriptatet andnareawittit dhe scopeof thke nore t han
two output conduits apnd two flow sensor elenents. The flow divider 203
di vi des ©SECTRHAN @R G@MSt 0 the first flow and the second flow. In one

embogsment  of -fiar & My SeksdrEleAtht 2088arid B¢ é@c\ﬁ?@ﬂ?v@ Qén@ﬁﬁééléﬁ%nf bgst wo

flows wherein an angle between the first flow an e second flow is about
forty-fi wempeisessry. mannenof fiew senbodélement. imene leswbetiimienérthedigstdflow des t he
two flows wher

L ove S e PR R s o2l DR BRIl o
provi ded EELL¥NES elements. In one embodiment, the first flow sensor element 204 and
 the second flow sensor element 205 can be designed wherein the two sensor
20 elements have slightly different vibrational characteristics in order to avoid stability
and performance issues. |
In the embodiment shown in the figure, the first flow sensor element 204
comprises at least one first flow conduit 103a for transporting the first flow and the
second flow sensor element 205 comprises at least one second flow conduit 103b
25  for transporting the second flow. The at least one first flow conduit 103a and the at
~ least one second flow conduit 103b can comprise dual tube flow meter elements,
as shown. Alternatively, in another embodiment the at least one first flow conduit
103a and the at least one second flow conduit 103b can comprise single tube flow
meter elements and can further include two corresponding balance tubes (see FIG.
30 3). The single flow conduit embodiment can be employed where the flow fluid to be
metered possesses only a narrow range of fluid densities.
In one embodiment, the flow sensor elements 204 and 205 can comprise a

substantially U-shaped flow conduit(s), as shown. Alternatively, in an embodiment
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exanples. OQther angles are contenplated and are within the scope of the
description and clains. The first flow sensor el enent 204 and the second
fl ow senswo 2eéce0weryd 205 conpri se any manner of fl ow sen®om/usk@s®ndi3s | n one
enbodi ment, the first flow sensor elenent 204 and the second fl ow sensor
el ement 205 conprise Coriolis flow neter sensor elenments. In one

enbodi me’howhhg FiG! gt(béloggaﬁmié is%h?ﬁgélén%%‘f's 2p4 ah@echéa{'}@ﬁs‘ gﬂ?cnlpﬁg'e 3ensor

el enent 205 can be desig two sensor el enen ave slightly
di f f er enssubstantiaihostahigbhiowaoeduit(s) c Hawevar dethet shapes das biso be ugedyahd

performance issues. |n t enpodi.nent sho in the figure, the first flow
sensor el '%@5 %QS’JP&&?B@%CT'@E@} aRd &1AiMSst 1 ow conduit 103a for

transporting trime firkt SéwiskRdorarnidit 20230AHef é(%%‘(p?%@rﬁrﬁ' @ RIY 0495 or

conprises at |east one second flow conduit 10 or transporting the second

f | ow. 5 Theikuatingthe atdeask one firgt flow eansiti 103e03ad twel of moretfirstpiegkofbne second

A tor nat roargrs ToveEARY ABPRCteR RuriEhp b ren ST ol PR or B AL R «
103a and onkdirst fldve @shdait ¢ 038 amacydricpatimpiiéiiret AORBIgHRD. qPrdceRdSiong! e t ube
flow nmeter elenments and can further include two correspondi ng bal ance tubes

(see FI GSensor algmest ghpdikenisg tsthen comprissaiangsrond:grives 184b foyvigrating e t he
fl fl ui : £l Lt es.
| one. eilie,af1e88+ e REEGR ASHAREERIboh, dhd Rl B*rIchaSBcBhq bicklt BRI, ©°
substant i186byand- t06ik) dor mieasudngthe tesaitingadbtomymotibn ef thag aiviebgt oned an

enbodi nent sho in Fl G bel , the flow sensor elenents 204 and 205 can
conpri se S§CeR P‘é(rﬁqnéjlul'ty'ftg‘ﬁ)r%ri“g\é\%n?qagﬁg5%369?'0@%9W%9\m1er, ot her shapes

can al so be ugedonleBbairbia! Mol Hete SORR iR AE AR Bl RLT™s.

The first flow sensor element 2 urther conprises a first driver
vi br at i ngegiiatien irl exmsr to peevant flowf dhmngesrat@iny duGeh framl affecting theore fir st

o kol T SRSy A5 ROUERT i ReT SAG ot g slhER! 0Ty TP
SLlothy (POSRIiE o moRh e AR U DI LR
and two 6enseiselde 20hdets. ckeludingbefore the intake conduit 202. Alternatively, one
or more pressure regulators can be included downstream of the flow sensors 204,
205, etc.
FIG. 3 is a diagram of a single input, multiple output flow meter 200
20 according to another embodiment of the invention. Components in common with
the previous figures share reference numbers. In this embodiment, the first flow
sensor element 204 and the second flow sensor element 205 comprise single tube
flow meters comprising straight flow tube conduits 303a and 303b coupled to
balance beams 304a and 304b. The straight flow tube cdnduits 303a and 303b can
25  be affixed to the flow divider 203, to the first output conduit 206, and to the second
output conduit 207 using first flanges 310a and 311a and second flanges 310b and
311b.
FIG. 4 shows a face of the casing 201 that includes‘ the intake conduit 202,
the first output conduit 206, and the second output conduit 207 according to an
30 embodiment of the invention. In this embodiment, the intake conduit 202, the first
output conduit 206, and the second output conduit 207 are all on a common
exterior face of the casing 201. However, it should be understood that in

alternative embodiments the intake conduit 202, the first output conduit 206, and
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105b and 105b' for nmeasuring the resulting vibratory notion of the at |east
one second flow conduit 103b and generating the second flow signal. In sone
enbodi mrenwe,20adm11vet er 200 can i ncl ude sone manner of prPeTASL@SNAEEE at i on
in order to prevent flow changes at any outlet fromaffecting the
availability of the flow material fromother outlets. Consequently, a

i tabl goi s | i . i nt
Ul a1 o GEaUKcABAYSR A 01 RO LS 6B REAHR PRl
condui t 2gi&rioAfacesnaftthedloy meter 200. "Dhe intaks sonduit 202) thiedirst catpubeohdw@t uded
Songre i oD and e Ferdh oL SoRaint 281 2an Soduge bieating ElchRaiier
single i ;
enbodi ”Eﬂiregainbbﬁ)rinbék‘é%tsléffhat CpEB Egnall Boﬁ&ﬂt lfh@ie bf%g%hﬂ?%’ov\lpra‘ﬁ\ébﬂ&at I gur tes

share referencé nunbers. 1n this enbodi nent, sensor el enen
204 and theflewdosier 206w sensor el ement 205 conprise single tube flow meters

i Si t rai . owy. .t dui ts_303 d,303b | ed to bal
beans 3044 and Nsarnglt ik, AR GO s mieEe ERiee S 58 ¥ileEhan Sadbean  be
af fi xed emgibyged heswrding tdeiny2éthe tetnbdtimientsSin GrdePs pfovidlisévetlp, and to

t he second out put conduit 207 using first flanges 310a and 3 11a and second
f1 anges 9dvantagasaif desired:| Ehednvariins riovides aofuel metertbiahgedforms fual i ncl udes

the inta i s i c i , e ond out put
condui ¢ TS bl cinstil of 4iaha Bl it RS hierich ryRUitep X effiter ot P
enmbotld) netiat i$ bapabitafensteridyiout A2 andrsecondStieloldvmit conduit 206, and the
second out put conduit 207 are al| on a commn exterior face of the casing

201. However , Advasiaggoyslye casigditae férl meter wilhballewendye (e thershrrinecef thet he
i ntake ¢ J Int i : : L t.put
condui t ggwgﬁﬁ%%g I\r/‘a&r}lf%%@lbétjlr@%@fo g?ﬁ(ﬁ@g&%@? gfeggfhg@mrﬁgﬁ? Bfahxst%gr'ﬁor

f aces of thehimvEhtion.nBeeaugd bwo TidepentekEflowsénsor dehertdard hoasedirt put

condui t 206 nd_.t he,second out put, conduit, 207 n i ncl ude threading (such
ae o1 pe. Siele PG R Stk Pl s Rl mster Bl HeporaBiRRIMEIoRE be
remoygbl ¥ysbhPipthd Reduredf tiw r@@h;@i’hgz‘lﬂg co$f'® mistHillthe 'SBRYby inf'glgaRut Put
fuel neter according to the I nventioi can be
pump. In addition, housing dual sensor element system within a housing also
opens up the opportunity to utilize a single electronic device to power and measure

the two flow streams.
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enpl oyed according to any of the enbodinments in order to provide several
advantages, if desired. The invention provides a fuel neter that perforns
fuel met ewongosandiodi spensi ng of alternative fuels. The Povarseéosmoqsovi des a
fuel meter that is capable of netering out first and second fuel flows.
Advant ageously, cost of the fuel neter vvi II be | ower due to the sharing of
t he conponents. I n one enbodi nent, cg_ case and feedt hrough can be
used in the invention. Because two in ependent fl ow sensor elenents are
housed i MViatds eldimelddssi ng, the overall size of the fuel neter (and the
conpl ete netering system can be reduced, thus reducing the cost to install
the sensor into a gas punp. In addition, housing dual sensor elenent system
wi t hi n a1housi reinere 0h O a single

el ectron|1c deﬁggﬁﬁggaewlgﬁ@ csrr"gggure p{éetatv\%) 1%%”12}'#'5 nms. CLAI M5 What is
clain®d is: lanAntakegionduitia0?) adaptedifer eeeping alfid frever (200),

i sing: 0 f . i f fl
o ow divi der - P BSTARRS) bodwiad ko RSNt AU LR, Wi The b aivigey”
di vi der (M)dmumgdh@qm@ﬂowumcﬂatfléagvtaﬂﬁs@ﬂaw aiPatsedohdi fidly; f | ow and a
second flow, a first flow sensor el enent F§204 coupled to the flow divider

(203) and |nclatftl§'hf§|;0"&$ﬁﬂﬁ@te|§mq5ﬁl(2%rﬁﬂu eq e fmdbﬂdﬁr@ﬂﬁbdndo genera'ée
1 ow sentishUiRL ST GOELFRRANG (e 3ot iq deher 35 Hstii bioBrlar ng

secot@l onbpesp@mildgrtcb te2firt flomglapanf i gured to generate a second flow signal
correspondi ng t%(athe second flow, wherein the input flow can be netered

through the f Pt 8ashasasonddlawsensos@gment (M)muﬁtedftpdhﬁﬁ@ms@v'd@rm ;
2
1o, senend il (e CoqoibdBut BEndaF QU BHURUNIEAR id acictéte RbebRRg o o"

the fi rsflomalgmal coorespondnda6)thésetord flowst f | ow sensor eI errent (204) and
th h th d t dui t (207) by, th d fl | t
( 26%1 g © Se%%?em%e‘?#puﬁ%@v gén bg met)ereg throggﬁ?ﬁé) Plrst ou?ﬁ’ﬂtsc%ﬂ%ﬁﬁ (Sog)man

15 by the first flow sensor element (204), can be metered through the second output

conduit (207) by the second flow sensor element (205), or can be simultaneously
metered through both the first output conduit (206) by the first flow sensor element
(204) and through the second output conduit (207) by the second flow sensor

element (205).

20
2. The flow meter (200) of claim 1, wherein the first flow sensor element (204)
and the second flow sensor element (205) comprise Coriolis flow meter sensor
elements.

25 3. The flow meter (2‘\00) of claim 1, with the fluid flow comprising a fuel or an

alternative fuel, such as compressed natural gas (CNG) or liquefied petroleum gas
(LPG).

4. The flow meter (200) of claim 1, further comprising a casing (201) that

30 includes the flow divider (203), the first flow sensor element (204), the second flow
sensor element (205), at least part of the intake conduit (202), at least part of the
first output conduit (206), and at least part of the second output conduit (207).

11



2. The flow nmeter (200) of claim1l, wherein the first flow sensor el enent
(204) and the second fl ow sensor el enent (205) conprise Coriolis flow neter
sensor elwoeni@9i® The flow nmeter (200) of claiml, w PraTiuseoosSlondids f | ow
conprising a fuel or an alternative fuel, such as conpressed natural gas
(CNG or liquefied petroleumgas (LPG. 4. The flow neter (200) of claiml,

furth LSi i 1)..that i t he. f b Vid 03), th
first 118w senisiry aidst CRo) 8y taho iR R T dinias? aPal ke 308 ot
| east pafluiddfow lftoithé Alet floansind the 88ebnd fidw bedsivhéeit aeangkebéiwesh bt put

condui t é206), and at |east part of the second output conduit (207).5. The

f1 ow net Bist flopandthe:segandiflowfeakew fork-fivededIees.der (203) divides the
fluid flowinto the first flow and the second fl ow and wherein an angl e
between the first flow and the second flow is about forty-five degrees. 6.
The 3 owBnet eTheZy nadterc(200o1 claivhet, evhrereimethel flow divided208 Pdigidedithedes t he

fluid fl into.the first fl dth d fl d wh ' I
bet veen T QW ittofine sk flow A Thi seepnd W FOCMBRIETH AR SGIGREMESD 8. The
fl ow et gf t?‘lngpéncﬁ’fhé;&@é dlﬂo\)tolligZ g%@%&t&qgg%sdedréggy sensor el enent (204) and

t he secon ow sensor el enen rising: at least one first flow
conduit (103a) for transporting the first flow, at |east one second flow

dui 103b).., f i h f fi dr i 04a) f
Cohrat i ng e no e Houk GRAERCdo) 28 claif 3 fhel i senba! olebisti el "
(1049 f eHe ¥odUrRt fiOW seh8orblchfafti(205ecERpAsiAgf | ow conduit (103b); two or

more first pickoff sensors ( 105a) and ( 105a') for neasuring the resulting
vi br at ory nat least enetfiret fiqw ceaduit c3a) fertranspouting thaifitst low3a) and

eneratin fir fl ' : r, r d. pi f .sensor
03050y and o st phb seot HeM nq it st el Rl B s isidlewss “the o

| east one secirstdfivervy10aapfor vidrafiddihenadleaenenéafitst dlowneorirator1d3t);,ow si gnal .
8. The fl ow neter her conprising nmeter el ectronics

(200) of claim1, furt !
(20) that ra@c@opad driver(104h) for vipratingnthe atleastnessrenid flowgosdyin 41034
genejat es a4y or more first pickoff sensors (105a) and (105a’) for measuring the resulting
vibratory motion of the at least one first flow conduit (103a) and generating
the first flow signal; and
two or more second pickoff sensors (105b) and (105b’) for measuring the
resulting vibratory motion of the at least one second flow conduit (103b)

20 and generating the second flow signal.

8. The flow meter (200) of claim 1, further comprising meter electronics (20)
that receives the first flow signal and the second flow signal and generates a
corresponding first fuel flow measurement and a corresponding second fuel flow

25 measurement.

9. A single input, multiple output flow meter (200), comprising:
an intake conduit (202) adapted for receiving a fluid flow;
a flow divider (203) coupled to the intake conduit (202), with the flow divider
30 (203) dividing the fluid flow into at least a first flow and a second flow;
a first flow sensor element (204) coupled to the flow divider (203) and
including a first output conduit (206) and configured to generate a first flow signal

corresponding to the first flow;
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corresponding first fuel flow measurement and a correspondi ng second fuel
fl ow neasurenent. 9. A single input, multiple output flow neter (200),
conpri si Nyo 2006/09mt9ake conduit (202) adapted for receivi rgraiskéosioode1Bs ow, a
flow divider (203) coupled to the intake conduit (202), with the flow
di vider (203) dividing the fluid flowinto at least a first flow and a

(203) and | no bl e oqoRGiR ShnitraRnt Cnsp R bR i atidB GolLrat e
a first fandinsliugimg a secosd poipdit ocndmt (207)fdridséorffigavedito bensriatataseesnd 1 ow
sensor el ement 5205')_ coupled to the fI?w di vider (203) and including a

second ofPWLRIOR QSPPE@'T)Q terthe ssrPng iieMe t o generate a second flow signal
di t [ t he

Frrst Thow o e SRertRrRANaD) ik rpEcifEs ME it Aol shd 8'sckBRE MR i g

first5fueignal and rmtenahemdzoreeapomdmg firs$ fied diongmeas oreshdéntednd & ow

measur enent ; and cas ég@/\’ t hat includes the flow divider (203), the

first fl 86?["9@8%?'“8@&?8!18 é MERSURASAL @ow sensor el ement (205), the

meter el ectrony essihg0261)3hal lﬁé@HeﬁQﬁé ﬂ@f/v diliger Eﬁ@ééetr@ﬂ@f‘ﬂéw@%%br at | east

part of the first output conduits (204), and a ast part of the second
out put celrinent (2043)thewseecond rﬁlowﬁenamp@demem/\(Z@@m the metes etattionicsu@o) t ate

et or od (GRS EGR oS JaBRR ol (Fo.leo! B3 TS firh o UA srdi o ;2 &Bns or

(@]
hC

net er ed

el enpt AL ledst c?é?ﬁoblﬁhefsefébhﬂ@?mhﬁddndmﬁt(%@ﬁ through both the first
out put conduit (206) the first fl ow sensor el enent (204) and through the

second out put g ﬂwe(lnml)flqyycathbes’eetﬂﬁed throwgb dhe drstaudprtrrondRgy206) 0.

(204) andVeng st sBhedh bl 4G ST ob3Beired bl G R PFEIMEOMER, et er
sensor elcendoit $202)1by fheesddond flowd @éne{c&@ém@ht QUﬁ)nbﬁcamfoe Birhhrandadstly f | ow
conprising a fuel or an alternative fu onpr essed nat ur al ?as

(CNG) or Metglrg thraugl o) thenfirgbeutput condu1t (206) by the first flow sensor elemen
15  (204) and through the second output conduit (207) by the second flow sensor

element (205).

10.  The flow meter (200) of claim 9, wherein the first flow sensor element (204)
and the second flow sensor element (205) comprise Coriolis flow meter sensor
20 elements.

11.  The flow meter (200) of claim 9, with the fluid flow comprising a fuel or an
alternative fuel, such as compressed natural gas (CNG) or liquefied petroleum gas
(LPG).

25
12.  The flow meter (200) of claim 9, wherein the flow divider (203) divides the
fluid flow into the first flow and the second flow and wherein an angle between the
first flow and the second flow is about forty-five degrees.

30 13. The flow meter (200) of claim 9, wherein the flow divider (203) divides the

fluid flow into the first flow and the second flow and wherein an angle between the

first flow and the second flow is about ninety degrees.
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(LPG. 12. The flow neter (200) of claim9, wherein the flow divider (203)
divides the fluid flowinto the first flow and the second flow and wherein
an angl e wetzwmenitobe first flow and the second flow i s @boats2606/00613% | ve
degrees. 13. The flow neter (200) of claim9, wherein the flow divider
(203) divides the fluid flowinto the first flow and the second fl ow and

wh i fiergt f h d fl ' ut ninety
doar es. 1. Tt e A MR {2tR) ob Rl S RIS, PF e EREEo! Bt (G0 Dt

el enent (iRPHdgcamdifidwesensopelknidm\268ysampasiagent (205) conprising: at |east
one first flagg conduit (103a) for transporting the first flow, at |east one

second f| ow3! ppe(f' Biftow £epdyif efsig0 fon thansnvsting tntrst flow; a first driver
( 104a) for %t’lé%fs%h@%e%ﬁd?lbvs) &Rfui0AB3b) FotrdrsBBiRI N dedond Gty  2_Second

driver (104b) for vibrating the a ast’ one secon ow conduit ’(103b);
two 0B nor e affirskdriygrqk 644) e viwatng fbal) leastiofd st flowf conduia@08ang t he

gy ot PSR PO ot Vling 85881 ool 605k 85
sensors ( 1@pBlor #ékelfir@Bickoff 86nSBBIHD5Pakd 81653 ok nshs(irgah8 r¥siBhg on of
I t (1%:8%) ?ndan{513 e P

the at |east one second flow condui nerating tthe second”fl ow
signal . 15. A iilratady ototicsy ofithg ad leastigine firapilow conduit (1@8a)wensugerdratinget er

(200), the met Eﬁ%ﬂ%?g@w %bﬁ%‘r aB?r*ovi ding an intake conduit (202) adapted for

receiving a fl g a flow divider (203) coupled to the

i nt ak@ condwvb of 2A@e sabiohll gidletf é@%dﬂégi@@d) ér%pﬁbsﬁg}fbﬂm&shhﬁ?fthéﬂ d flow
into at least a first flow and a second flow, providing a first flow sensor
el ement (204) desipting vibsatone niatiew afithe @éleast 0y sesand dlomuerndyit 108byt

out put conduit o) fl rate a first flow signal
correspondi ng ta&%tq%nﬁ%gﬂ% %%gngﬁéé@?%%gi ng at least a second fl ow

sensor el enent (205) coupled to the flow divider (203) and including a

second output conduit (207) and configured to generate a second flow signal
corr esporldh ng A Bietied oL BBING P GinaTS INPUL multiple Satbut flow metar (300), the "~ ' 9

15  method comprising:
providing an intake conduit (202) adapted for receiving a fluid flow;
providing a flow divider (203) coupled to the intake conduit (202), with the
flow divider (203) dividing the fluid flow into at least a first flow and a second flow;
providing a first flow sensor element (204) coupled to the flow divider (203)

20 and 'including a first output conduit (206) and configured to generate a first flow

signal corresponding to the first flow; and

providing at least a second flow sensor element (205) coupled to the flow
divider (203) and including a second output conduit (207) and configured to
generate a second flow signal corresponding to the second flow;

25 wherein the input flow can be metered through the first output conduit (206)
by the first flow sensor element (204), can be metered through the second output
conduit (207) by the second flow sensor element (205), or can be simultaneously
metered through both the first output conduit (206) by the first flow sensor element
(204) and through the second output conduit (207) by the second flow sensor

30 element (205).

16.  The method of claim 15, wherein the first flow sensor element (204) and the

second flow sensor element (205) comprise Coriolis flow meter sensor elements. -
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wherein the input flow can be netered through the first output conduit
(206) by the first flow sensor elenent (204), can be netered through the
second owvpuvocondai t (207) by the second fl ow sensor elpemarstoo520&3s or can
be sinultaneously netered through both the first output conduit (206) by
the first flow sensor elenment (204) and through the second out put conduit
(207) by the second fl ow sensor elenent (205). 16. The nethod of claim 15,
wherein the first flow sensor el enent (204) and the second fl ow sensor

el enent (205) Thermaeined dtalaial 15, Mtwmenﬂ@.arﬂo's\ee@mpngdngr@ma ot 4n alteenamihod
of claim15, with the fluid flow conprising a fuel or an alternative fuel,

such as B&!ﬁ%@ca@p[@%ﬁedgﬁumg@ﬁ (6NG) @fd@rqeélédmtrrodﬁtéurga@a(w@)m) 18.
The net hod of claim 15, further conprising: providing a casing (201) that
i ncludes the flow divider (203), the first flow sensor elenent (204), the
secorsl fHBw sdheanettoenafrdai(05)further tomptisipgrt of the intake conduit

202 t | t, t of t ut ndui t d.at | t t
of the SecoRPUdh ‘é‘[ﬁcé’%meQf)@Eeéwcﬁg the donesgerieey. Bieuet gavce. (20)
that receives GhRsh éléﬁ‘lé(nlt ?c%it?ﬁl AdF sEREG et Sﬁ%né{ le38fpart
generates a correspond ng fue ow measur enent a correspondi ng

second fuel fl O‘Wthaammkaamdult (292) ‘Ié’téeasitpmrtjomedlrah outp6t covhrie(206),hend | ow
di vi der (203) st flow and the second

di t.h | uid f h
f1 ow and wher eiahveﬁ??gﬁﬁl 3“&%5% P #?’89%”? W)aﬂ'adt he second flowis
aboutp fort y§f¢WGin§Qﬁét%¢%le&Q>m }fkfﬁoméﬂécé’if/% kigd st Aowdighlidhd e f 1 ow
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19.  The method of claim 15, wherein the flow divider (203) divides the fluid flow
15 into the first flow and the second flow and wherein an angle between the first flow

and the second flow is about forty-five degrees.
20. The method of claim 15, wherein the flow divider (203) divides the fluid flow

into the first flow and the second flow and wherein an angle between the first flow

20 and the second flow is about ninety degrees.
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