19/ 07/ 2005 FLUI D DELI VERY SYSTEM BACKGROUND OF THE I NVENTION 1. Field of
the Invention 5 The present invention pertains to fluid delivery sygtg#%s005
and nore particularly, to a sinplified fluid delivery systemthat
substantially prevents the neasurenent of a nmultiphase fluid flow during

the delivery of a fluid product from Qurce to a destination. 2.
Statenent of the Problem 10 FI ui':fd-lglg a\ﬁir'yE&%ts«,yr%TWe desi gned to deliver
various types of fluid products froma source to a destination. Sone
exanpl es of these products include petroleum products, such as liquid
petrol eum gas, gasoline, keBOHKEROUNDOF THEINVENTION products. O her

exanpl es of tﬁhe e oducts, include agricultural chem cals, corn syrups,
m |k and cor ’%’@&Jﬁéeq S1"§’5urce is often a truck, railroad car, or sea

oi ng 1§ vessel ThHM : : ' Fal r ssel, located at a
gr ocgs si5ng pl ar_ltTng é#égtg@ﬁm q%‘ﬁ%’?é&\“gmsﬁ ﬁé] L%{)g%@et @?sgeﬁ% %ﬁg m@f 'E“{aﬂ&
source is the simplifiefvidsiativepnsystemethae substantially prevents thelmeafiteriant T3 -

or sea going.vessel .. Fluid delivery systens typically include, a punp
connect ed Fg‘"f SseoﬂPEU'Oanl‘:'Hngp ﬂe@\ée%ef %e fUidr BEPdyict Srameat sourseeta lae
fluid throggstindtorsystem fromthe source to 20 the destination. A strainer

connected to the punp is used in sone, but not all applications, to provide
filtration2f Séatermentiafithafirob/eat grit and other foreign matter that can

dama ownst r eam. onents, such as, the ter. The neter is typically a
poSi tg:al e displ a@@@ﬁgﬁ‘b‘?wﬁﬁfﬁrﬂ% afe designad-todeliver vagous inas @ﬁ\;&idrmaémtes
a vol une t fidedl he sk uicd, ' ce to.the
Gestinati on 350 1Bl FesBoh. Some oRATIES SPneRS Brodees ids kol
nreasulr emerfir Odﬁcbnt&uahnwfliqafﬁr p?f{roiggpplgaisn gds_eliigé,uk@koégné,ng? dfld weier sifiiar
exanpl e, t source of the idis enmptied, pressure fromthe can
br eak t he PLOFHGiEe DU Sxproplestl hems: Rroskicts, dndiude marisuitytsl cheraisals: mom
mul t i phaseyflsnaik aha cBfflsidatsd s 85uRUTRS b (HOR LiiRadell ¥LLL, SESLF™

When this occurs, the volunetric nmeter cannot
pure fiPui desselwwiihothendestinatioplieing bl storhde vesssigedted 2y dpidtetSingaplant s

and 1 enov @Otk SUBRdy e rBOS IR R AP B METS iR BoWERes eoleeage HegseGNche.
meter. Antd deslindtioPAs Y trdek, railroad car, or sea going vessel.
Fluid delivery systems typically include, a pump connected to the source, which
provides the required pressure to move the fiuid through the system from the source to

20 the destination. A strainer connected to the pump is used in some, but not all

applications, to provide filtration from the intrusion of grit and other foreign matter that

-can damage downstream components such as the meter. The meter is typically a
positive displacement or turbine volumetric measuring device that measures a volume
of the fluid as the fluid is delivered from the source to the destination.

25 . Itis a problem in fluid delivery systems to prevent the measurement of entrained
air or vapor in the fluid during delivery. For example, as the source of the fluid is
emptied, pressure from the pump can break the surface tension of the remaining fluid
in the source causing a multiphase flow of air and fiuid to be pumped through the
delivery system. When this occurs, the volumetric meter cannot differentiate between

30  apure fluid flow and the multiphase fluid flow comprising both the air and fluid.

One solution to this problem is to use an air eliminator to separate and remove
undesired air or vapor from the fluid prior to delivery to the meter. An air eliminator
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19/ 07/ 2005 renoves entrained air by decreasing the velocity of the fluid to
arelatively calmstate by permtting the fluid to accunulate in §9?5§g§§g5
in the air elimnator. The substantial decrease in velocity causeS irappe

air bubbles or vapor to rise out of the flui nd .. collect in the upper

por t1 o of - ramoskameamataE byidacseasingdte elacaf i iy i apiatfvey BB state
prevents danmage to.th ter L i I slihattr THeXYbstantial
passi ng thr%‘?’mﬂ%gﬁ%ﬁ%“. tE%%&QH@TDS%H s%%o%{?%'ﬁﬁ@nglth%l}gh te%[en r?lta?ne'ra
can cause OVRréRReRi wlocitf chhisegrrapped rair bubblesrorerapes ki tise wedof tefluid and

eventually results in meter failure. Unfartunately, seye robl enms _gexi

in present dellestdn e ypperBodios Qfdhﬁ’l?ga"ﬁ?ﬁé@é‘?wyﬁfvegﬁcgﬁhéPfrrﬁlmff‘afqr GZ§°
first problemwt e aif Mys! [y 5 3fair 8 SAHsinEthrbagh
sone app ic&’{?‘\é%wgdéﬂ}a@x‘%ﬁ%é‘ﬁ&?ﬁ%’é \Zerg?ﬁslgﬁﬁﬁn%rﬁé?o?lr higgh Vi éc%sirt?g
products, suykdnigei largaspdomstsiof binpagsinglthroagh thesmeter dan cavserpal-9 g
large air elimnator. Simlarly, high vi s&o%i t\fé mducttﬂ r.eg_ﬁi [e a.II anger
retention t iofthe measyapa it @freRaessiveewaat that,evenialy resdifsdn, F%}'Jﬂ/urgnd a
| ess efficient dejj t ¥ ' lives! $WEtEBRIsOdSe t& th
that products su fé@ﬂ%‘ﬁ@foﬁ%&er@é@g o?%{ﬂiﬁlﬁéﬁéﬁgfgseeﬁe,ffoft_en foam_u?o
as they paspebBsaYIST drhgir dihiivatoy. AyirsEprobiemiwith theraineliminatosiatheoverallisize
form of vapor. The vapor fromthese rodum i?’ hanarfdousr%nd Cﬁ- oti ?gl
“di schartied aequirad fpr sams aprlicatingsp Far example. thedale o agPaaiLiP LY SFdyy
tank to accq e n AV ' hotsC e i lrREdWMdra & i
el i m nat orsp@&{{%ﬁ% %%Cz.l ggg)dle%cppﬁeéoﬁnﬁ\%ﬁguc%b}syst éﬁ?ﬁ? the incl u_sr?gnalr
of the air eliinAdioL OrSifitriyn Mghevisessity produntagequisala jangervigterior disae for
For exanple, in delivery systens desjgned for heavy oilgs,.t ! i

tank size i separatigndbat MUYtﬁtm slowar fiad deliver 3P Ailess 9@8'95'?@9@%#}%%’“'
entrance of entraj ' : BRGNS | ' H a€efuel ofl digdal oil,
case, however, v&%%@gdadaréglretﬁg‘ﬁglélgﬁﬁnrexpengf\%atm%%igtgins rmstobe_ltak_en
that sigi f haakeloserdd oftentibem B5as they pass throaghdingl deliverd g¥stess capsing Heke

products. It is known in the art to yse mass flowgeters to neas

fl ow and ot Hischarger v the fam pbvapar.ering ga?‘P'b&?ﬂb%%?oqfaﬂugsc%n%%raaégr?end
types of nass f| ' hold R Brin@bS afel stordge
bei ng oper aF@@?ﬁ’%&gﬁ%@ﬁaﬁﬁgfc%g}e]irc%/@%th?%ﬁ P ie-éé? H{r{gaﬁjrrggnt e(??pdensi tyg
to provide wpikuBeidcoenrhofiateeiritod viapoosigh 30 the quotient of mass over

et o1 1 conput or Aithisd bk Ealatecroplamein SARLTIIAPE mitkare AR il deflve

an . unkngn g}’s't&rinpgﬁﬁe fL 4L Sion 'O RebSif cliffind©r Bt inedorRé cakes taeswirage aank for
vented vapor. For example, in delivery systems designed for heavy oils, the required
tank size is so large that it is often more economicai to prevent the entrance of
entrained air rather than remove it during delivery. In this case, however, various
additional and expensive precautions must be taken that significantly add to the

25 transportation and storage cost for these products.

It is known in the art to use mass flowmeters to measure mass flow and other
information for materials flowing through a conduit. Some types of mass flowmeters,
especially Coriolis flowmeters, are capable of being operated in a manner that
performs a direct measurement of density to provide volumetric information through

30 the quotient of mass over density. See, e.g., US 4,872,351 to Ruesch assigned to
Micro Motion for a net oil computer that uses a Coriolis flowmeter to measure the
density of an unknown multiphase fluid. US 5,687,100 to Buttler et al. teaches a
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2 19/07/ 2005 Coriolis effect densitoneter that corrects the density

readings for mass flowrate effects in a nass fl owneter operati nglﬁgloé;/zoof)
vibrating tube densitoneter. Coriolis flowreters directly nmeasure the rat

of mass flow through a conduit. As disclosed in U S Pat. Nos. 4,491, 025

(i ssued toCQ”(ElS gifratidensitameten thah coredB8the déndir RIAMAGS Tor RIRE RSy trgrg,as

the U. S. d R 31, 450 dto J.E. Smth F
11e 1982, Céé\ﬁaﬁ ﬁ'@égjﬂé’%?ﬁf‘%nqq?@én@aéawaféfﬁﬁ%gbﬁéi%rs;ﬂonmg: these
fl owmeter s ha"@fﬁmsq'bméférg'd?r‘@cttlyéﬁéaélfre%é"f‘ét@k@flrﬂésg WArGRI & 2804k O

Each flow tube configuration in a 'S mass
of nat uralASdiselasedin UnddRat. Nos.ch480,026 (Issuell ta JE. m&ntawlmaﬁ q>r$9wal

o pel 1 9 Derdfifrerieliired (8 me'tis ot i g drand A e e i,
d f
and exi t s Srhith bh Peetar 1DBQOH§Pe1hEﬁePI’5féﬁ%? 3‘.:) gl%fl?ﬁ t#gfts cf‘éﬁﬂ?;@ eﬁ@%ﬁéﬁ -

natural vibration nodes of the vibrati ng
part by tAewmalersihave oneser robre flewitubes ofldtsmglatrod cunead d:mmﬁj;umwn NE &dtefidw ow

tub E t || at f
these nat 1105 CGHEEANIn . Golly EReds AW ees et Blash s of st ibraton

t | & hehik dthe
!togl PI sWa DCT(?rg’Fo{llesl gf?g er at?lfgﬁgh%'gﬁiéehdmé%g pol nFFgﬁl)%& ee ;‘A’ISI(L)IVCJ ‘?vas [Rf ns
have 18 di thedioxmetgrirom thﬂ@;paaebp:oehmmen ithe Eﬂetsal@lae, is diret;tee! througH thbdlowags
the d tl et he_d S
can be pabeqt i SRS B0 wMsR et feelRtisids Ghihatowmetarerig ; ve
of 20 t henatatdl eibrafiort Afoddsouf Mébﬁbréihgl ﬂlhé?iﬁe@' gt‘;@{ﬁ 3¢E RAHUASH p%ﬁoofﬁ'%sor

signals is proportional to the mass ow rate l'urd through
tube. A CORPINeGMass of the Gow tubes and theefiidvéthimthel fiow hattest Eaahefloay tondulit

t ypi cal Changes | enS|t cause the frequencies of
t%g naturaﬁﬁ rgtedcsé)#%ﬁéga? géﬂ%’éc? Hgo??ﬁ’a”ﬁs@r"asf” 3 e systemqmal nt ai ns
resot@ince, thaviesicindratisaib AbRAURBGYHAE 'ﬂ%%mhé‘tel"eéip B8R gﬁcﬁ?i’frgef]ném\ﬂgéate

in this 5|tuat|on|s proportional to the ratio of ase cé an
osci | | at P8RiletecyilR idgnticah@hasei ohs fluld begiesdo flosy, |@omi|hadc¢ederamsasldause

| def i ned
Flow | neEast ASPEBRrBke RS e fo, 88 & iieepl hass TS phase andne guel Sidme
f | ownet eof the ﬂm@wtb@légs grelinver, Wild thePblase sy %ﬁ@%tléf‘gidé%aas e 8ﬁ§e:a“d

|l iquid or %as and solids. These environnents are especially comron 1 n
pet r ol euReNRRaSEnPapiaced angae Aewdube to pmgiuceﬁmuwidamlgﬂdls‘represanmwe@é t 0

a@ 20 the motion of the flow tube. The phase difference between two sensor signals is
proportional to the mass flow rate of fluid through the flow tube. A complicating factor
in this measurement is that the density of typical process fluids varies. Changes in
density cause the frequencies of the natural modes to vary. Since the flowmeter's
control system maintains resonance, the osciliation frequency varies in response.
Mass fiow rate in this situation is proportional to the ratio of phase difference and
oscillation frequency.

The Coriolis flowmeter is intended for use in environments where muitiphase
flow exists. Multiphase flow is defined as flow including at least two states of matter:
solid, liquid or gas. The flowmeter is especially useful in multiphase systems including
gas and liquid or gas and solids. These environments are especially common in the
petroleum industry where a petroleum product is delivered from a source to a
destination. Unfortunately, Coriolis flowmeters have not been used in petroleum
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destination. Unfortunately, Coriolis flowmeters have not been used in

petroleum 3 19/07/ 2005 delivery systens, in part, because they meafylngoo_,)
mass, as opposed to vol une, and the sal es of petrol eum t ake place
vol une. Furthernore, while these neters can functionally detect rrul t| phase

flow they canndfelivefyayetemean pait, dakhdsé fH@rﬁ%‘%%@ﬂ%_ﬁs %@%g?g%%c?l NfumBland the

air elimnator would still be required.
over cones the SAISS @hﬁeﬁglﬂufﬁe@katﬁae&andvoidm&ncEslrtrtelnmoae twbye pheye dlhd?[@r@- can

fluid deliver a Coriolis m ter m nat e
th(l;I need :‘\c/)r gﬁ%@'ﬁ"@"f Q?L tro}ﬁu@ﬂﬁs‘?) tPP&lC%QPO ?errngv? s ‘é‘hﬁ%'m }ﬁ%‘l mt ther flow,
the present i andnhéreforel B dit glifliridb W@Uhd SiBeraginrgy.| ses a Coriolis nass
fl ownet er, 10 punp, and a recirculation valve. The punp is connected to

the fluid sburce and the input end of thBOEMTION s nass fl owreter. The

Townster, the flu Areatreantiniendchouiieotibail s7phisRsb0fined akdve ppd Sdvances

fl ownet er,

recircul ation the aaebppemﬁdmg alﬂdiﬂrdélh%r?%étéﬁi thaf ifdR1e%P4 Coribfis R4aRwrhBEer to
measur enent of a mul tiphase fluid flow during primng of the system During
system 15 pri nwglnﬁf%fheelf*%&d faran aip gliginatonand/or arséraireesi. rlo al firgl amboammttoﬁthe

direct nulti pg&%g {W/ ntn{)h O ﬁﬁ’%ﬁﬁe{gﬂ/gﬂ# ?%I%I Qoﬁga'g{rﬁ? Ba(ﬁglaohscmggs Qowmeter a

source until

subst anti 4Dl y pumg, éﬁ&adeﬁlr@Watu@n%l@' TRESUMP RecdticRted &) BRI ANDISEERIGHA the
control the recirculation valve to direct the fluid flowto the destination

and begi n mead0Phing ofdhe: Gerialis mass dowmetes. Thhée@wmamltbaluﬁdﬁ eorneaied 4o the

B
delivery syst dlnid.aThee¥cipteiation @aka@l oeratd iy the dshtid)of Uik fhetor B reBht the
t he back-flow of fluid through the delivery system when the systemis shut

down. In the m%&en@nt oﬁa@dbpha%ﬂu@rﬂovségmmpmm n@thessysd@n ftingssystem

25 of a mirti o AR bEe bR hrbiaf s reiEullion e e decthlfipnsse flio
i ntroduced i nflow ddmalﬁh‘@t@rmambd alr Hadmt@met Hui@SBUFce Ui JUbRLAMItRNIP PURORSd flow

not remain full, such as during system shut down or where the source is
emptied. One dkisstablishad: hOnge ansubstagishy pureefluidaflonniss estahlishadnthe smeter

| nESUPHES ARl RESaERG N P91 et PERATSE Gy SEERHon
Sg\s“t Ir(r)lgirfag'ﬁl s, ahti begirmiRistirePicaY ehtife Hefvered TRIM. aMe pampValsy dperdtes under the
20  control of the meter to start and stop the delivery of the fluid through the fluid delivery

system. In some examples of the present fluid delivery system, a back-pressure vaive

could also be included to prevent the back-flow of fluid through the delivery system

when the system is shut down. In the context of this application, system. priming is

deﬁned as the establishment of a substantially pure fluid flow following the introduction

25  of a multiphase fluid flow. System priming is required any time air is introduced into

the system, which typically occurs when the system does not remain full, such as

during system shut down or where the source is emptied. One skilled in the art will

appreciate that this embodiment is ideal for fluids such as milk, kerosene and gasoline

that have a tendency to foam during delivery or until the system is primed. In these

30 environments, the flowmeter prevents measurement and delivery to the destination

until a substantially pure flow is established.



until a substantially pure flowis established. 4 19/07/2005 In a second

enbodi nent of the present invention, the delivery system conpri S€$9307/2005
Coriolis nmass flowneter, a punp, and a back-pressure valve. The punp’ s
connected to the fluid source and the input end of the Coriolis nmass

fl owreter. The Inbackepord sembodimens b6 thorpreseat! ihvettioh, oo deliRsy) Q%stgh-‘?
n for the fluid. The oper ates undei the

[ cRops
ront 1 of o PRI ER L ERPBRE ples Ruheier AR nar ane3 baakabeseire ey ERe pantdhe
det ect i on i9tomnaBIbd e irsfuililseiurcd 4 hbhﬁ&&tﬁﬂhc}Qﬂhg‘i’;&;ﬁodirs;ﬁgﬁﬁ’o}gﬁéégre ure

val ve al sQ operates under the control of the neter t oW of
fluid thr degk-PresswrelMaivg is coysiestadthdine ottpus st efitticsmeteriand twde stiiaSion for

nbodi S i i | fied d t hat ch f
T o @5t o the fiid” 388 pisRh oretdElsa e BITiarbin af e feter o sidn Bediaveacriibe
ool : )
at nospher ifloidinaespblse ke tlﬁé‘%ﬂéﬂib?i%ntc? laoﬁ'l@itﬁgnﬁdsﬁgﬂdta %@mﬂﬁgpﬁl‘z tl‘geEJ Hﬁet% 4The

mul ti phase flow, the Coriolis nass shut's

cl f)f_es ht heagigpressuse !ialvf alab vperateptindenthe Fbﬂrmﬁaﬁ?eeumr td)%rﬁtrb@l back-flow
mul ti phas . source. i s ai il|ed, bringing the pressure
back Lot pidiroblfink div /SR viER P st shutdaws Thisanbagment
conpr esseid igaal, forn ré | r r h elt)

dest Reme abpichald d:18s a8 ShibSe R 2 1ok bF ddk oo

state, Thus, the punp can again be Starte

opene@ f oPOUTER tSRIPPLed andrthe pressuee pproathes atropphesepregasre. IMfRpEaEE & i S
mass flo | $\eC of use..as a yibrati .densi tonmeter in nultiphase
flow env%%%énrq t?el ﬁ%?ghf%ﬁ&f@dﬂfﬂffﬁi?%ﬂ%”, eg(ggn‘éliﬁjmﬁﬁlﬂpwg}e%@l&ﬁdown

sol i'ds, aheuingslainangloskgul '

ube and ot luer o0 Tor e e SR IES, thEVERP 17 riesRerpdft of B

f r equencyMéBphass fawi nd/hen thecemsce is againdilied bringirhegpresswediadk® fHeow
tube. Th ni,gs [onj tor the yibrating flow tube(s) for changes
inthe d rﬁé’ﬁ@%ﬁ#ﬁ@%f’oqtﬁg "PPlﬁfuﬁia{?erg'&%i{q't’%ﬁ%F.mfﬂ%sqdr&ﬁseﬁnxmf@aal@f a
mul t it fhasiee Haovtatéd retuehs ¢ menlﬁﬁﬁd ri ’ ' Idthe
value is c%rrpar edragai nsdE1 at regtﬁc%!dT%'gﬁé@Hgﬁéeéﬁl%k’?&%&sgtgpﬁg%%&%e

i ncl udi nG2gkpressuireivglvelopeneas farfditerdalivieyy ohthentiqueficeicatap@isbed vakue
exceeding at .d. val ue.. A second c ari son.could be nmade agai nst a
second t hr esh?f’gs(i’q/%{'cﬂ' @Sﬁ%@%tgr{sh@pégqué%g asp viRIeting HgBsitameter in

I ncl udi ngultihasBedfieR | érflBrorirhéhits 1 i s i CpUL . [

whi ch coal 3 rere bit si m_’|°£'r”"%*§ﬁ§?‘?8@'2??‘* IfiginaBbps Gfss agﬁ?"@%' Isquc?ug'csid
syst ens. Salds. ongaligls andbiquidsi The flewpeter indutibs at iéast ene flowftubeibhi pliverf | ow

0 IR e A R 5o I e T o Sty of
material flowing through the flow tube. The meter electronics monitor the vibrating flow
tube(s) for changes in the density value of the fluid product to determine the existence
ofa multiphaée flow through the meter. During meter operation, the density value is
compared against a threshold value where multiphase flow including gas and liquid is

25 indicated by the measured density value exceeding a threshold value. A second
comparison could be made against a second threshold value to indicate the existence
of multiphase flow including gas and solids, liquid and solids, or liquid, gas and solids,
which could exhibit similar damping effects to those of gas and liquid systems. The
meter electronics respond to the existence of multiphase flow in the flow tube(s) and

30  provide output signals to the pump, the recirculation vaive, and back-pressure vaive to
either stop delivery of the fluid or redirect the fluid delivery back to the source to
prevent measurement and delivery of a multiphase flow.
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ei ther- stop delivery of the fluid or redirect the fluid delivery back to

the source to prevent neasurenment and delivery of a multiphase fleows9%5/2005
19/ 07/ 2005 A first advantage of the present delivery systemis that an air
elimnator is not required. The present delivery systemis configured to
either stop the flow of fluid product through the systemor redirect the
flow back to the fluid source in response to the detection of a nultiphase
product fl ow. Thug ihe first 5 enbodi ment above, the fluid product .is
redirected back t t"{rﬁtea VG”GF“%Q@ efthestrasgnt delivery systarmin thak lap giueliminatérdsf | ow

bef ore delivebyrdqirtde ThRSreBEt! dilvar) by dRAS i @%ﬁ?@tu dec1 B et s?oeq ﬁnnd;l?% of

enbodi ment aﬂove the fluid delivery system st I'Very o
al t oget her i AYIFRIBENR Shioyghcthe ystam or radinent tthe Hidwe batiuital tid Buid fowses amd

advant age ofesbbﬁsd)rtesﬁ»’iet deRCtioR of 8YRURPhhse I a&u&t.hﬁ WO HBL k. I,,gﬁtﬁgeﬂ-ﬂ ow

flowrreter S IS @nded for 10 use-in any envir wher e 'mi
exi sts. usSMPRgIMsREakeie. dhe flyid produsy is redireced back to thewsauecentossstablishra t 0

prevent t he suHstatmananp@% fllfid Hovd BEfdPS BSﬁer?[@ih@%esﬁﬁétﬁ%@ﬂﬂ'@ﬁg Jrepien dapage

downst ream c?'rrpone . Upon detection of Torel

control s t hethp SEeP P%‘PPE'H‘%IE’P@V%%G lﬂalﬁkd?iwelslsws&mamps ddlieery ofi the Ifluided,
to either stfipgeler Herey éﬁset foeddtbdtiof d?ra%u&nbg e fifd'b%C A ?&}dﬁ:’?eﬁvag g to

the 15 f|UIq our ce. erefore, an. e presen
conprises: &'t %iPeesgal Aglivepy §¥%‘?6‘m3ftbﬁt ’§Qm¢lﬁgnass fowtreteriialiftenged éorf | ui d

roduct 1Dl owsea I U € I ri n
p sedR@nPIAVRBRMBAL \Wﬁé\% r'hﬁ Hésé’ﬁo@récﬂeélt% Bé th%I na%rﬁ ¥ %‘k} 9.

delivery of a fluid roduct froma UI d sou des
punp connecS¥HERLEQRSIIPt raauira ﬁisﬁag@ﬁﬁ%@%’ﬁﬂf mhenmm afgfitoandt ather feeiguer i ng

the fluid praseettnss e tddndde udwh Sty | mass
fl owret er co%(r:hgd bet ween%he u%ﬁﬁd J}ﬁegl na or?gfbcugncont‘)%'éﬁed to

detect a befl edFech€°H§ﬁ‘P§|t%éB@r°P|ﬂ§'Pﬂ valvenangd btanlepresauua palmlwd'terel S
del i vered f Inefudeligtof dithef skpHd@ReROof hE fﬂ:ﬁﬁbu‘o@é&ﬂ &redira t%&éuﬁtrf‘a{dkztg‘ihé n

t hat sa% sgs.temfurther conprises; a back-pressure va ve connected between
t he Cor | | QUIBSOUISe) qwneter and the destination and configured to open or

dose under the cTeréfote,ah ésb@ct@ﬂ&h@*#e&enﬂ‘ﬁ%tioh%drﬁfsﬁé means within the
Coriolis mss fl OW gglgvewgys%grgtfép :lneasunng a substantially pure fluid product flow
and preventing measurement of a multiphase fluid flow during delivery of a fluid
product from a fluid source to a destination;
20 a pump connected between the fluid source and the destination for
delivering the fiuid product from the fluid source to the destihation;

a Coriolis mass flowmeter connected between the pump and the destination
and configured to detect a beginning of the multiphase fluid flow as the fluid product
is delivered from the fluid source to the destination;

25 characterized in that said system further comprises;

a back-pressure valve connected between the Coriolis mass flowmeter and
the destination and configured to open or close under the control of the Coriclis
mass flow meter;

~ means within the Coriolis mass flowmeter for controlling the pump in
30 response to detecting the beginning of the multiphase fluid flow to cause the pump
to stop delivery of the fluid product from the fluid source to the destination;
means (407} within the Coriolis mass flowmeter for controlling the back-
pressure valve in response to detecting the beginning of the multiphase fluid flow to

cause the back-pressure valve to close:
6




30 response-to detecting the beginning of the nultiphase fluid flowto

cause the punp to stop delivery of the fluid product fromthe fluag 995685
to the destination; nmeans (407) within the Coriolis nmass flowneter 6r
controlling the back- pressure valve in response to detecting the begi nning
of the multiphase fluid flowto cause the back-pressure valve to close; 6
19/ 07/ 2005 said punp controlling neans and sai d back-pressure val ve
controlling nmeans prevent the nmeasurenent of the nultiphase fluid flow by

st oppi ng del i very saifl putripecdritratiiigrheahcand hid BEROHESs e VARIESHt gi éhe _
begi nni ng of r@%ﬁs@é&énﬁﬂ? flui gﬁfﬂ}r&\[’v a recircul ation val ve_rjf3 E ) that is
connected to the COri0 AUTRY the multiphage flyid flow byl stopaingedelivent of o
the desti nat itmfluié aiatiuckinirespdnatito MCRYING tHeSheRfHM i : .uid
product in a fi rs% diirr elc{]i osnwt h?%é er rri,ln%t es at thggg?*gir%ag%ﬁ%ef%@%n a
second direction T hat cPar YAlYe&Za) hatds aennectesttpdhe Caridliseans flowdislerni t hi n

the Cori obi s torthedlufd soome endft@th@déﬁtifnﬁﬁéﬂ,@gidtraamtﬂ%hrﬁweai%:aﬁgaié@f e H‘
ul - ow

response the ction of, the beginning of the multiphase

to cause the? %c& ;a}ecﬁH‘%P'fogHCVBI%fg'gf direstio that terminates at the dwictsourne Bhairfar st
direction, wsemoedudirettiondnat tefrhinafissst the a¥dtRkEsn: WH@s the punp control ling
means and the rﬁ&é&{g%%%t?}' O.E_@/ﬁ]ﬁV& control ling nmeans to prevent the

measur ement of the hul T r)i’fﬁ _ PW‘FI’BWWW@TMCOD@OWMIHBCUI ation
val ve to di rrecirculdtienfvialviedn psspdusé thedétdetidr ke b?ﬁiﬁﬂﬁé???})@%ﬁhﬁp}lgseé 1d Ll ui d

) R K- i ! _ !
e essur 6 o ToR-B'Bfitd AT OB dhechihebis produetdn tes st dosaton. | 5
el ectri cal | ywhevein ¢t @aridlis rhass flvanerr udés 8@ purfd E&t@ﬂﬁg%aéﬁgé'ﬁ@ﬁ@ 0

nal . .to the recirculation valve In response to

Sod NGl Pt
et ect 1 ng 1 feoeuBiRtYa sonfoing meanpieeisvent hameaswament of rwoliohaseo

recircul at i dnidviawiy ¢ausitigrthe redifealdtiot ivelivante diedt thé‘ﬂﬁiﬁ%r&‘lkﬁc‘itin fHe'fis 1 on back
neter electronics are electrically

to the fluig; nce. . Pref.erabl
connect ed t@’?‘ﬁ@”é’%ﬁ%ma‘ﬁafﬁ‘@ﬁ?ﬁ "§%red to provide a second output signal to
the punSin respRmésealip bdek-prissn® vilieistRanigued do ?Fovtdéeoéakl grsiine fr kUi d

flow that c : to stop delivery of 25 the fluid product fromthe
fluid sourcgmégélf\;ﬁg?@%ﬁhat ion. Preferably neter electronics are

el ectrical ly corftreferally metdrietedamlicsis e&tHcally connected to the recirculation
valve and configured to provide a first cutput signal to the recirculation valve in
response to detecting the beginning of the multiphase fiuid flow that causes the
20  recirculation vaive to direct the fluid product in the first direction back to the fluid
source. ‘

Preferably meter electronics are electrically connected to the pump and
configured to provide a second output signal to the pump in response to detecting
the beginning of the multiphase fluid flow that causes the pump to stop delivery of

25  the fluid product from the fluid source to the destination.

Preferably meter electronics are electrically connected to the back-pressure
valve and configured to provide a third output signai to the back pressure vaive in
response to detecting the beginning of the multiphase fluid flow that causes the
back pressure valve to provide the back-pressure in the ﬂuid'delivery'system.

30 Preferably meter electronics are configured to measure a density value of
the fluid product and if the density value is greater than an upper threshold density
value, provide at least one of the first, the second, and the third output signals.



val ve and configured to provide a third output signal to the back pressure
valve in response to detecting the beginning of the nultiphase flrhg ﬁlgﬁbS
that causes the back pressure valve to provide the back-pressure i P é
fluid delivery system 30 Preferably neter electronics are configured to
nmeasure a density value of the fluid product and if the density value is
greater than an upper threshold density value, provide at |east one of the
first, the secongj &pqﬁthe third output signals. 7 19/07/2005 Preferably
net er el ectroni cs AR AEtYplecraicrgsontoured tamaesurg thaldeasity vaigenef f1 ui d
and if the dmesmwarmfm deﬁslt?%lﬁeﬁé‘%We@tﬂa‘ﬁvﬁlbwbpgﬁéﬂ%gﬁgﬁﬂﬁf‘}% val ue

e r

provide at |east one first, the second put

signals. Pr e‘FrBY'Qﬁlaﬁlleﬁﬁ‘t%e ¢fi the firgnihesegond, @Oﬁﬂh@mﬁdwutwtm& e the den3| ty
value of 5 the fHreferhbhy @EHGleldWfbnids éré’gﬂo@@u%&% rﬁ@é e'tr?e a4 Rﬁ ot

upper th%shg g densit val ue to provi e at [east one o
the secomt, ARdvidpEodust apd fdbe densiy valug is eqpaiéﬂémeabmgerrtbtashoulmsﬂpm cs are

confi gur ed t@ld@&aw\.@dédﬁ% é!%h%tb)ﬁe‘b@th#qi:@tfhu]etd&gg léltn‘i'j %Qﬂ'ﬂf&u@p{’ IT the

density val ue E equal to the | ower 0 provide
t he at Ieasts'gﬁ‘ﬁ of the first, the second, and the th| rd output _signals.

Anot her aspect | pieférabBRihédr El%trﬂﬁéé 'tér 'u&gwﬁgu?éd% <Ol e éér%mz Qb 3¢

delivery of | uid product froma ource to a dest

conpri si ng ttrf?eﬁ‘%? arrsiugk andyib the-denadly ivalyeds equal do thedawer thireshaid ﬂenaﬂw. d
source 0 tREUEESbiodRleithd at I6det SEé bﬂﬂe%réfleﬂb%eﬁélﬂq, %d?é“tﬂ&d &Il@lﬁe fluid
rom-t [ ul

fl ow as theflwd product is delivered source to the

desti natlons'gﬁ?éw ding a first output signal to a punp to stop delivery of
the fluid producAnduqb,-gsggaqgse to detecting the beginning of the multiphase
fluid flow, 20 characterlzed in that said nmethod conprises the further
steps of . provi d} AgthedSeemeaseibngaiuit apduct flowsdurag Ksfivery of ediuitbpredudto

provi de backompriRfdstiice b é%&%&ntdanfiﬁsﬁgtthé‘&eb%f .begi nni ng of the
mul ti phgse fluid flow rovidin utput signal to a recircul ation

val ve t® direct Jgfiernga pidp from taeflmdsqoumertedm dastinatione f | uid source
when mul t i phase deladiify bib@Yinglet £RiAPNasS 198 ok BEMR fdkictigi rd si gnal

from said I‘de(fl rculation valve to direct said f
elivered from the fluid source to the destination;

providing a first output signai to a pump fo stop delivery of the fluid product in
respense to detecting the beginning of the multiphase fluid flow;
20 characterized in that said method comprises the further steps of:
providing a second output signal to a back-pressure valve to provide back-
pressure in response to detecting the beginning of the multiphase fluid flow;
providing a third output signal to a recirculation valve to direct the fluid
product in a first -direction to the fluid source when multiphase fiuid flow is detected
25 and to remove said third signal from said recirculation valve to direct said fluid
product in a second direction terminating at said destination when multiphase fluid
flow is not detected.
Preferably a density value measures the fiuid product as the fluid product is
delivered from the fluid source to the destination; and
30 compares the measured density value to an upper threshold density value,
wherein the muitiphase fluid flow is indicated by the measured density value being
greater than the upper threshold density value. .
Preferably measuring the density value of the fluid product as the fluid

product is delivered from the fluid source to the destination; and
8



product in a second direction termnating at said destination when

mul tiphase fluid flowis not detected. Preferably a density val ue 5285?5365
the fluid product as the fluid product is delivered fromthe quia ce
to the destination; and 30 conpares the neasured density value to an upper
threshol d density value, wherein the multiphase fluid flowis indicated by
the nmeasured density val ue being greater than the upper threshold density
val ue. Preferably nmeasuring the density value of the fluid product as the

flg%d/ 2g(r)oduct | scoppaning the 'ﬁeméﬂdefﬁéﬂvi\ﬁl@?wmdp@rW@s%&%ﬁﬁﬁ/h%%e,and 8
1 7 5c¢c ! ' SHI, ensity value to an upper threshol
density val ugﬁé@é\/@}g}% erig"gﬁlf) H&%@‘f'&ﬁBW&%@dﬁaﬁ‘?ﬁWﬁ@vﬁ"?@sqr%g%'&‘-’t'@d’ab&ﬁ beieg
measur ed den$Audl to HHeueprzeitimgshatd dahsityovdile upper threshol d density val ue.
Preferably neasurg ensi.ty value of the fluid product as the fluid 5
product is deli ve¢%ﬁe’%’5‘§rﬁq€%§&"P¥m%ﬂwe'é}ueacpfmﬂwemcm ap e fid
conpar i ngd t hprodeelss deliveded fotmythe ALildesdubceitol tRvRestildieahaied density val ue,

i ndi cat ed he nmeasured density

wherein the nultic%nfq%ﬁfltuidflowi by t ]
Val ue- bei ng | ower R e Messweddanstnyalie fon awsr thgsteld depsineyalus.y
_rreazulr! ng th‘&?d‘eimaheynulﬁphfeﬁmiotﬂtﬁvszhIérl]idathiQﬁ_L!ﬁé nisasliig c{jénﬁitﬁualﬂ:@.b@f ﬂUCt
is delivere source to .the desfination; and cohparing the
measur ed deﬂg‘{”{eﬁ%ﬁh‘%’l"w K éhog%fa"?' @Y% d density value, wherein the
mul ti phase fl ui dPreferablysmieastirtiat thd deyisityhealie sEMeIRIFSBaLENasMAL HBidRei Ng
equal tqgqt h?r s &etl}((g%@c%l d ﬂ%n@h{i)é val ue. Anot her aspect is: 15 A fluid
“delivery systemtor neasaring PYRe ta hedestipation: and product flow and. -
TP Mtadaionyintyibemisari bt i g AL

ui pro A | qurce . estination, e flui elivery
syst em co rrp%fér'\g ?{garﬁﬁﬁﬁﬁa%eoﬁ%g dpwds E@?ﬂﬂg%iw fhe measwed densily valie beiag
desti nat i onefigal to thel lower thngsHotedénsitydrafepduct fromthe fluid source to the

destination; 20 An .Jg__l [ ure val ve connected between a Coriolis nass
fl owmmeter and thec;%@%s sl?)ﬁgﬁgbn and configured to open or close under the

control 19f the @fliididelivenyaystefr fowrmeasering adbstantially pure fluid product flow
and preventing measurement of a multiphase fluid flow during delivery of a fiuid
product from a fiuid source to a destination, the fluid delivery system comprising: -
a pump connected between the fluid source and the destination for
delivering the fluid product from the fluid source to the destination:

20 a back-pressure valve connected between a Coriolis mass flowmeter and
the destination and configured to open or close under the control of the Coriolis
mass flow meter; and |

the Coriolis mass flowmeter is connected between the pump and the
destination and configured to detect a beginning of the multiphase fiuid flow as the

25 fiuid product is delivered from the fluid source to the destination;

characterized in that said fluid and delivery system further comprises:

means within the Corlolis mass flowmeter for controlling the pump in
response {o detecting the beginning of the multiphase fluid flow to cause the pump
to stop delivery of the fluid product from the source to the destination;

30 means within the Coriclis mass flowmeter for closing the back-pressure
valve in response to detecting the beginning of the muitiphase fluid flow to cause
the back-pressure valve to close;

said Coriolis mass flowmeter prevents the measurement of a multiphase

fluid flow by operating the pump controlling means and the back-pressure valve
9



the Coriolis mass flowreter is connected between the punp and the
destination and configured to detect a beginning of the nultiphase;gl/ghdagos
flowas the 25 fluid product is delivered fromthe fluid source to the
destination; characterized in that said fluid and delivery systemfurther
conprises: nmeans within the Coriolis mass flowreter for controlling the
punp in response to detecting the beginning of the nultiphase fluid fl ow

to cause the WL i . t flujd product fromthe source to
t he destinati on; 3}86 &e%ﬁg&wgts hit%eegﬁg’%&)?ﬂg'fai@'drﬂgguﬁI"b(ﬁﬁ@?ré?e fodhecl osi ng

t he back- pr e$i§tgading wé theebeginnirgsefdhs enultiphdeediuid figv.t he begi nni ng of the

mul ti phase fluid he back-pressure valye to close; said
Coriolis mass fl ow‘:réef?é eatrb R'p%:%\'égﬁflast‘qm‘éaq%%fsewcﬁﬁ to,the, reriqlis 4Bass 1| ui d

fl ow by oper 8PVAgtarhie teafigidsontoeobhd tmtheedastinatich, 6hE réaRHEIbASSNESs Val ve 9
19/ 07/ 200§ c ' ; t.he del i.ver. f the fluid product in
response t§o t9 ﬁiﬁﬂéﬁ g%?'{gﬁgmgfﬂhmsggﬂi'ﬂ i fﬁﬁt %‘f’ec{'%bg'ﬁmefmb’ﬁé%seatftﬁﬁ ifigidk | ow.
Preferably asSewee Rodiasecond disdotion it tteinsinates e tiecgbstifatidpe Cori ot i s mass
flowreter, to theyfikpi n 0 the destination, said recircul ation
valve is 5 confi Sstﬁigbﬁ%l%gﬁé%?lov%ﬂ%e% P[ﬁvgnﬁtgﬂmﬁasl‘ﬁ"éﬁmﬁ§t’“‘d§'9"§ﬂeiﬂ9w t hat
term nates aRy eqmrolling the reviroulatioravalua as treoetishing 6t thaphdbal ndvd 16l lses at

t he desti natQna~Sai.g: 1ol IS s £l ter vents the measurenent of a
il 1 phase 1 oucig Aiebh 1o fudtt i pud B Risell e ietiorabacie S5 ng o
nul ti phal¥e fIoyiee and whersmultiphase fuid flowl iahibbdetealed@o ESusH $oAE FadirdBlatibyi d 1 ow
in said fir | | L flui.d.10.source and when-nul ti phase
fluid flow %’%&F Qﬁ‘%{:@@? @g'(at?' 8%5%%@%%%%@8@%’9&@?% Stngliie to direct
the fluid flow in said scBBIEF BESERIPTION ©OR THE DRAWINGSI on. BRI EF

DESCRI PTION OF T I depicts a prior art fluid delivery
system Fl GURE 2l':| e%ﬂﬁ%gipgﬁ%i‘ﬂ'éjggﬁl'IVSW?%m'accordi ng.to the present
15 invention; FIBG¥RE Yeisipictss aa Goriokis rmako diowendterobocordihgi © d6d ipresant
system ggcoRbRgod:0 the present invention, FIGURE 4 depicts a flow chart
il lustrating an exanple of the operation of the enbodinent of Figure 3

according to thefl dtdepiisen firsd embodiment of a fluid delivery system according to
the present invention;
FIGURE 4 depicts a flow chart illustrating an example of the operation of the
embodiment of Figure 3 according to the present invention;
20 FIGURE 5 depicts a second embodiment of a fluid delivery system according
to the present invention; and '
FIGURE 6 depicts a flow chart illustrating an example of the operation of the
embodiment of Figure 5 according to the present invention
DETAILED DESCRIPTION OF THE INVENTION
% The present invention will now be described more fully hereinafter with )
reference to the accompanying drawings, in which embodiments of the invention
are shown. Those skilled in the art will appreciate that the invention could be
embodied in many different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are provided so that this
30 disclosure will be thorough and comp!'ete. and will fully convey the scope of the
invention to those skilled in the art. In the drawings, like numbers refer to like
elements throughout. Additionally, those skilled in the art will appreciate that
various features described below could be combined to form multiple variations of

the invention.
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20 FIGQURE 5 depicts a second enbodiment of a fluid delivery system
according to the present invention; and FIGURE 6 depicts a flow chgrh7/2005
illustrating an exanple of the operation of the enbodinent of Figure g
according to the present invention DETAILED DESCRI PTI ON OF THE | NVENTI ON 25

The present inv@mior @it Deliverp@ydrengespigbed more fully hereinafter with
reference to the acco anyi ng draw ngs, 1 n which enbodi nents of the

invention are shownFlGhbdkissiites aa eiXﬁmFHQOéattywiballpr%limarbﬂliﬂdtdelflvbe/tsﬁsk@rn 100. In
i nvention could di.f ferent .forns shoul d not _be
R LB E0RE" LR ale P ERE g iRl 1S 3r8RUTes 107 farsides the

construed as |i
enbodi ment s ar erquireiddrdssrettbahovditie Rid @k@@dcﬁq%%r‘@ddh he dé}@éﬁ}ggtémq 00 from

fully convey the sco invention to t

conplete, and wl|l
skilled in %ne e fluid sobrce w%% agﬂgstlnaﬁ@n ﬂ&ﬁbér StraleeeﬁOﬂ@ohnbetedetbei‘rermmnp 101

throughout . SFB'IOBH@MH até#rgﬂ?’ow cog:ng'q %ﬁ)‘ﬂﬁ it tW8r k%ﬁho'{wﬁ\%hgi) tcan damage

vari ous featur escri
variations of ddwnstreamicompor¥rits 52t d2RReP1040" TAEImBRr 1

FIG 1. FIG 1 |IIustrat es an exanple of a typical prior art ffgw g&ge?‘ﬁvposntwe
system 100. In '§Wé0$ﬂn9nﬂoGwrbmwlyvml@rmunag pememat umayemesed vblurae of the

v ough the del AL P ARt AR HteBRRSHE doihRnf BY et a0 b Beztotice 87 to the

t hrough the delivery sys
desti nat i oh01ll@eshinaticrail t@r 102 connected to the punp 101 provides

filtration fromthe |ntru5|on of %3|t and other foreign matter that can

damage downst r eam ¢¥hpibgEftiRaten dip3remaeveasr entoained lai bmedecreast thet yedocily bfithe
I hat

oo eb o vol TRIPBRIEAL 19 {20ty W i BR g ﬁﬁeﬁp@epgpdyggg% to

nmeasures a vol une
100 from the saucomulbddirt a dhaenbdi1 OB & iHeddit @limindlor £03 a"l’heeédﬁgt "del:Fb%Bse in

renoves entrained air by decreasing the velocity of the fluid pro
to a relativel yewaltyfpav%e%trappperaw bubblgs tarevapiontairige @il of the uidoproduct 108 and

| 3..Th b

Gecroase (1o vEPERAIHe ddoe! Boiigh O e Eraliup s, A3 the At Gy Bage the fuid

the fluid produsiunik)a fleatopérated vale 106 bpensRPRIntMNE hirjapet flohftHe Wl%erms
v

105. As the air vapor dis Rl aces the fluid volune, a float operate al ve
106 opens to viespending snthedyes of tenfividredaetil8 beisg delivered, the air vapor is either

vented to the atmosphere or to a separate containment vessel (not shown). As the air
is discharged from the chamber 105, the pressure is released allowing the fluid level to
20 rise and shut the float-operated valve 1086.
Coriolis Flowmeter according to the present invention -FIG. 2: .
FIG. 2illustrates a Coriolis mass flowmeter 200 comprising a pump 221, a first
valve 220 and a second valve 222. The Coriolis mass flowmeter 200 comprises a
flowmeter assembly 201 and the meter electronics 202. The meter electronics 202 are
25 connected to the meter assembly 201 via the paths 203 to provide density, mass flow
rate, volume flow rate, totalized mass flow and other information over a path 204. The
meter electronics 202 are also connected to the pump 221 via path 218 to provide
output signals that control the pump 221 causing the pump 221 to turm on and off.
Finally, the meter electronics 202 are connected to the valve 220 via path 219 and to
30  the valve 222 via path 223 to provide output signals that contro! the valve 220 and the
valve 222. Flowmeter assembily 201 includes a pair of flanges 205 and 206, a
manifold 207 and flow tubes 208 and 209. A driver 210 and pick-off sensors 211 and

10



Dependi ng on the type of the fluid product 108 being delivered, the air
vapor is either vented to the atnosphere or to a separate contai ni@?ﬁ.’./zo%
vessel (not shown). As the air is discharged fromthe chanber 105

pressure is released allowing the fluid level to 20 rise and shut the

f | oat - oper &1@dregoneectd.totbe flow tubEk @Beirel 2G8: CTHslbrtatfark P2 IWRELN serve

conpr i st ng SUEIEEARS Wand i &b %h?oﬁ%a&a'@fﬁg&?éiaééé%méégézom.ruate
Cori ol f
riolis mass fhonemRiigs f%@@nétérfpéés%%b 2641 % daﬁ@cg’?gypréﬁee%ﬁg

nmeter el ectronics 202. The neter el ect oni c are
net er assefPYNRothich gartes thet fisid 7068duct pring inteagiesd, the, ﬂum@%dd@\gmé,@,ttﬁe

bon o Halbieter APl 201385 ghuRé i8hce ShA cncimsess b s mEnifIe0at h
218 '
to prOWh@&lur@bidﬁUctﬁslcﬂF@dtédié‘éﬁ e Y fily tﬁt{b‘é 2} n@%égggﬂ?l'?g/% é%lﬂ)ﬁlg@'ﬁg%

221 to turn on and off. Final e neter ni cs
to the valfaw les 208 @@dm@endmcmnmnehaanﬁld@Wher&i:tI@aditb tA@ JoWeneter

P vt or Sisemall 203 hrduil etEga, 208 of 1 anaos. 205 mnd 200 s eani ol d
207 and flow t ultes fla@stuaed AP and Fd %S s&ibe e"?jnélnéf’ 2@18)@ c@&i}até?‘ﬁ\%@ﬁt&%go @'Bed

10 19/07/ 2005 212 are connected to the.flow ubes
bars 383 dnanifold 205 se ast tp bave sebstantialie thavsane Wassbmmnwtioﬁh neeraBnEf of he

{neer tad 80,200 st IPGULIER fhant Bendiihaes Wik ang R W srapecivelya The
product bdlongtuneasRos dndt 209 idxtdrl BURMMEHY £B Hhﬁ‘-.,foﬁj PQ?%E ?ﬁgé,ﬁtﬁﬁ) g

201 through the flange 206 and passes thr oug e manl
product i §aaa lied tashipn.o Toatflow tub@smoﬂmmaag aa@anmrdb;zme dridef 2 10V ¢ppoditah

the fl 209 k. intot fo 207 wh t t

the 11 owndrarongaiodeitseiinaRR ok Pesiienaok, andal whatis e hesrsin
209 arse t t
havea“éubifgﬁf‘ftﬁ"‘lﬁy‘?&?‘22@”&‘3@@%@?5?@?& 29T AR T U FHaATE 1

el gst i gog’ﬁwggrrangemaﬂgmmg mlmwmmmzmnfss 'a?}nggi?et\mdnynteah@ the ﬁcwlwl

t ubes ten out war nrto I N an essentl a
paral o HBBEEH End B hinsiid Bl moytédo i suth 2o Any Ae@ating rrrento”
in opposi passedithas r?arhgtcfﬁ}sas qe&l BaliSSPESt ffhbl : Oggtq@@ %ﬁﬁog\{%gc.}%teaw at

what is terned the of bendi ng wiret er “assenbl
201. The Witabig divesigsabis@pslieddayhewdtiver 210 by the meter electronics 202, via path

20 21s.

The Coriolis mass flowmeter 200 is configured to distinguish a substantially
pure product flow from a multiphase fluid flow by comparing variations in the vibrational
frequency of the flow tubes 208 and 209 with the changing density that occurs when a
substantially pure product flow turns into a muitiphase product flow. When there is no

25  flow through the flowmeter 200, all points along the flow tubes 208 and 209 oscillate
with identical phase. As fluid begins to flow, Coriolis accelerations cause each point
along the flow tubes 208 and 209 to have a different phase. The phase on the iniet
side of the flow tubes 208 and 209 lags the driver 210, while the phase on the outlet
side of the flow tubes 208 and 209 leads the driver 210. The pick-off sensors 211 and

30 212 produce sinusoidal signals representative of the motion of the flow tubes 208 and
209. The phase difference between the sensor signals is proportional to the mass flow
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known arrangenents. One exanple of the driver 210 is a nmagnet nounted to

the flow tube 208 and an opposing coil nmounted to the fl ow tube 2??/0992005
alternating current passed through the opposing coil causes both ow
tubes 208 and 209 to oscillate. A suitable drive signal is applied to the

driver 210 byratdief fEBHEhrEUds tHONbW IuBER 208 i PHS Scﬁ%ﬁ%éﬂﬁg&%tﬁé& the fiuid

mass flowreter 200 is configured to distinguish a ntia

product f I ow flaveeauserthe frerueacies of the naturalymodepdeivagy.vari ati ons in the

vi brational freq f e, flowtub 208 and 209 _wi th the _changi ng
density that occut@gél\%éﬁngw'sﬁ%%t%ﬂ afﬁg/ Vﬁr e?)rtgﬁug?wf fubgst 298 aNtht20% at a

mul ti phase prigadarhehiadWeqUbaBby thEEEPOIFIAG t& 8 lﬁ‘ﬂ]n e
200, all goi nts _al ong tﬁg fl o%'/’v tub_eg 20'8Qand cfzéé'fgé‘.Yt’gtsotglf at gbpgva'{*uﬂ%rﬂ{hé%jgh
phase. As®f| theiflowduhes 298 arih208orThel metersietteonics @02 ranitar thadhivegjait in the

al ong the fl . d 9t e a different phase.,  The phase on

t he ignl et siQ/ ééf(‘)i?getﬂﬁé\pﬁf% ?égea?cgaga\a/tﬁﬁ azgl@qgfgén i edfq 9@?9"'?"1'5‘—‘, ayghange in
th h dehsityouidicdtingst

dr ievgr a;io?nThegp}?c k-l of :cng:ﬂegl'égeo)?iteg% OEE%gmg?geg%ﬁQg”@mésm zﬁjﬁésgﬁégglasnd

repr esent at | $¥89ofThenehapge dn densitids coswaredeagaiost andipp2othregheldprsise where
di ff b . Si | i o | tq th fl 11

Yo/ 071 2005 ¢ e Rk i TRRRH(rE 05 a0 i 25 RiSRB vt e e deasnvaive
density W té&ecdddingithd Lppectwsshdil 9aluee IW8BEHSS cglfnoﬁdaﬁo@% H{fg% %(ggﬁgfer

vary. Operatjonally, the driver 110 vibrates the w t ubes
a fundanment@resholdyalueytociodicate hedexigtense of meultiphase flowliecititingdyasr artisblids,

flow th ] t he. £ : 0 d,.209. T . el I 202
roni tor ¢ e WY, ang fHlids, S uBURE Bk fnd BP1idR, WhisEce SRhT sl ctamancce faria de
in val ue to tHeseohyae @@h@ﬁiﬂ%ﬁsf&mﬁe%&ggtﬂf‘ng’ié}& bl&%_rbhﬁ:s%?&ﬁﬂ&%g%foﬁ? gr

mul ti phase flow through the flow tubes 209. The change 1.n dens
i s conpar ed Riigthearppep thresheldsvalug. on thel toweie threshuldt valbaste détevnine the

exceodi g ¢ edifing o ubiBngSS BT a0, s Sosihn BEholds Alge agatemainag
| ower t hr edlydhd ugat oeniamufactufsio? thd Eofislis heRs Rl mBrAIgthaRea '@’gplradgmed

i ncluding gas and solids, liquid and solids, or liquid, gas an

whi ch exhi biftto hevmeder elgaipnigs@0e dihe meterefrateonits §aR respbrid tq tiel begisinimg of

e Snel's VHERBEERE T APRAP 6038 BontBinmal B0k ponany

of a nultipRaseo pithetistopldeliverbeme MANBIdduc BF PeAPEAThE UG BLR I HHE Auid
20  source.

The meter electronics 202 receive the right and left velocity signals appearing
on paths 216 and 217, respectively. The meter electronics 202 produce the drive
signal on path 215 causing driver 210 to oscillate flow tubes 208 and 209. The meter
electronics 202 process left and right velocity signals to compute the mass flow rate.

25 The path 204 provides an input and an output means that allows the meter electronics
202 to interface with an operator. In addition, the meter electronics 202 generate
output signals over path 218 to pump 221, over path 223 to valve 222, and over path
219 to valve 220. The output signals are generated in response to the detection of a
multiphase flow by the meter electronics 202. The output signals cause the pump 221,

30 the valve 222, and the valve 220 to either stop the fluid product flow to prevent the
measurement of a multiphase product flow or redirect the product flow to prevent
delivery to the destination and measurement. As will become apparent from the
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by the user or manufacturer of the Coriolis mass fl oweter 200 and are
programmed into the meter electronics 202. The neter electronics 28207/2005
respond to the beginning of the nultiphase flow to provide output signals

to the punp, 221 a(ﬂ%lqt,he, val ves 220 and 222 to either stop delivery of the
fluid proddelowingdescription duringpriming, the cretepelebtronicsi202 @uld cansetheWislyve

ter el ectymnj ' i ghiand. Left vel oci i gnal i
on pat hs 21 s egige PRUELY ol B el sSufost i ripblston SUBF BoUBLY pHee
drive si grpibduct float befts detivisiyig adaéymfat%h%ﬁ@nﬁ%gid}érﬁérﬁt f:h%f(oiﬁg}ee%a?ﬁq&er

nal s

and 209. TQS met.er el ectronics 202 process left and right velocity si
to conput e PRAGIEEEELIBRCGSAUZ codd praspdbe prowp B2 10 dbst offiand the vaive: 220 to

out put SeanRg t . ics 202 tointerface with an
operator. In ad ﬁ@glﬁl th"gqﬁ%@teéel, g%ﬁf‘%&%@@ %Qsﬂféer%?'gtcgag\.ﬁ‘ﬁ&?\“?i@'ﬁg%t
over path #0®.to punp 221, over path 223 to valve 222, and over path 219

to val ve 220. The out put ., si | s are generated in response to the detection
of a multiphas Q%P déﬁ/%wt'%gp ’%ﬁe?r iIsqirevided merelyyaean example ofihe spgratios of a

cause the DéRBIiL#hass>AoWifetéplang &2 Aot %gnﬁg tt}ﬂglkr\ﬁgt ZPtpt@ngiﬁigt o fr_t%fgggsqtrﬁgw

fluid product flow to prevent the ~ neasure e'p

or redirecinvehtiomr odibet pidsent tioventrens eqiellyvappidabid he SiBek ithsdd BF
ent fromt hg %Mw/ 07/ 2005 fo?'lg%m ngﬁ,‘{ggs

As will be
doacr 11 1 MM ERIS AT RENGTe R atersc Asiivanallys thenaresent oveisristateially
| 222a8licaBd foafil; fluid bl i sh
Substant | oy pok o0 TR AR o) Shete EBG Mkl et RUF Ruloil Vs "

measur enentlui terra J the nmeter electronics 202 could cause the

e
punp 221 to sh f,f..and the valve 220 to 5 close to substantially prevent
al | delivery a?ﬁ:lGﬁé‘é@éﬁq%%?n@P(aa'm A PHiskrrogustidriivery systenmacsoddingrto tivé on

of FIG 24 L &ltsh ; raklqn,.of a ripolls
Tass 1| owat o g oty TRiE BeRET R A0 o IBR it BRiVan yelimnfld
i nven$ on.compeispses 8uid sovest 3@ of @ ﬂlﬂidairb&!uaﬂOBOB,Cagj@né @29t ReCokiyhe s
mass 10 flomteré?éﬁncl udi n% single tube meters. Additional(y, the present

i nventi on ﬂpg/ﬂg}{gg_ a leeIcpRligN Y \¢ £23iaba-prassyire yalve 220hand adestination e
LTS, i 820 B Mo Sy ee o PGk S LU BofesiuGone puh
present i Aekvary systenaddDcolldibe adsthnderiones ygstem 8P8ouldite mhbuh@dde! 4 MRyblie
system 30gnit such as a vehicle.

20 The fluid source 301 could be any source configured to contain the fluid product
303. For example, the fluid source 301 could be configured to contain a liquid
petroleum gas, crude oil, kerosene, milk, gasoline comn sSyrups, corn sugars,
agricultural chemicais, as well as other liquid products. Similarly, the fluid source 301
could be a storage tank for off-loading the fluid product 303 to a tank-truck, a railroad

25  car, or a sea going vessel. In other examples, the fluid source 301 could be the tank-
truck, the railroad car, or the sea going vessel that is off-loading the fluid product 303
to a storage tank. Likewise, the destination 306 could be any destination configured to
receive the fluid product 303. For example, the destination 306 could be the tank-
truck, the railroad car, the sea going vessel, or the storage tank. Some examples of

30  the fluid product 303 include without limitation, gasoline, kerosene, light fuel oil, diesel
products, liquid petroleum gas, crude oil, diesel oil, fuel oil, milk, com syrups, com

sugars, agricultural chemicals, or numerous other fluid products.
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15 conprises a fluid source 301 of a fluid product 303, a punp 221, a
Coriolis mass flowreter 200, a recirculation valve 222, a back-pre§§zbq 2005
val ve 220, and a destination 306 for the fluid product 303. Those s |I(e8
inthe art will appreciate that the fluid delivery system 300 could be a

st and- al one syst em orhecpurng 224 ismuodreentional parp t ' i |

20 The fluid squree 301 c dﬂd ge an soulrge configﬁﬁdﬂéﬁgét%dr%t'?%‘ﬁ?ﬁ@?%?f om
product 303. gﬁ% 83'85{}?25%5,) Adn [ﬁ%%@r‘@&%@qtpébﬂgdalb@maﬂhgpue@zzdto turn on
contain a |iquighd et 68! ' ne.,..m |k asol.ine corn
syrups, corn sugars, éggﬁiaurlgtéﬁxgﬁ@gg%ﬁ:ﬂaq %rj,égé@ﬁﬁqqt'ogsk% ﬂ@f’mqtﬁr@e@ could also

products. Sini Canirgl therepeiadustawbiniv the SGrhp 2DUdelivers thesNGIASDALRINEGGN the fiuid
off-Ioadin%th nk-truck, a railroad 25 car,” or a

I uid prod 3to a.t
sea goi ng vesngT'V‘TLW S?Sgtﬁ’@? g@éaﬁ%ﬁe@{’“? I?@%qulH‘Qib% 66nlgéiugsl orenging devarhas a matter
tank- truck, tbedesight ar r ' S l.s, of.f-1 oadi n
the fluid product 303 é}?gcg s?%?a%%mﬁa%{ﬁsﬁgk@gmbés(:o? ﬁgbg’gé?‘%'%& $igR tQgyovide a
coul d be any d@wximamirate obfowgtiadds within theerated chpaditybEithy ASWAIetd9200 FThose

exanple, the d | pation 306 coul d.be the tank- truck, the railroad car,

the sea goi ng @i&é“gﬁ t'l'\%rarfwgl §PB‘%ettgﬁktheﬂfﬁp823rﬁﬂdet§190ﬁ0‘8meﬁ¢f9200 could be a
product 303 i ngdriie oPEAPHUAY rhtif} \ i ' : i fuel oi/l

di esel products, fi?qui d petrrbgfrg%%]tcgggmgﬁgled %ﬁc’déglﬁfe?(g@ngﬂ:t,ﬂi’th%qcomrpgdat’ed_
mi 1k, corA0syr Ussreciculatioswgive 222gs iacedrivendibnahetirculhtion Valvi il fisorfigiRéd to
fluid products The I S_a conventional punp

configured to rﬁ@%’g?éz‘(t&?}{%&?g§iqu{QRE%Pész%ﬂ%eﬁeﬁgoﬂlmtf eppouse dxthe autput signals
response to t KoM HdMbwheEr3od Gifd&ehd REWRIH e ﬁl%?i 8\5/-\?)%% :3%2?86 tg% ﬂﬁlgssglﬁé%eojd Tor

I n some exanples of the present i1nvention, the

control the speedestnatiincB06.hdhsubpck2ptesirire vahve 23Cis & Wohvehagus!t bddkistd88ure
the fluid 5 d%l Lv\éeé’oﬁgsﬁﬁ tm 300. Th EurrB 22]f coul d be centrifugal or _
engi ne driven 45 caOPHE Odﬁcﬁ%@i%}ﬁp t¥yveals fremtheflawmeteri¥Land orervor close in
appropri at% Skdspdr@eRé fiyd g@ha}e% A LS afld i
rated capacit ?‘ the W%a%@érs%. l:ose tgf(el %%Qﬂ‘?‘g%?ﬁ'éggm&%ﬁ@%3 in the

appr eci at e t hHvididadivennsysten 20@ t he fl owr peter 200 could be a variety of
| ui d_product 303 accommobdat ed.

I A O 41 LR e EA R R R P e
asponse to t R pact PReSfIEValE 200, shd the Heklifards R Rl ciibe B s grated
the fluid proluEtG.30By cenvemtionalipipinguTbesSsiiliat in thbartdesitipprétiar tRBthe Bifing
back- presgur g\l Ve £20 dr ing t5Whe Rakd Bro ucP56K béing accommodated, and thus, various
different types of piping could be used as a matter of design choice. Specifically, the
input of the pump 221 is connected to the fluid source 301 by piping 307 and the
output of the pump 221 is connected to the input of the flowmeter 200 by piping 308.
The output of the flowmeter 200 is connected to the back-pressure valve 220 by piping
25 314, The back-pressure vailve 220 is connected to the input of the recirculation valve
222 by piping 309. The recirculation valve 222 provides a three-way tee connection
between the piping 309 and the piping 310 and the piping 311. The piping 310
terminates at the fluid source 301 and the piping 311 terminates at the destination 306.
Advantageously, the recirculation valve 222 prevents the simuitaneous delivery of the

30  fluid product 303 to the destination 306 and the fluid source 301.
The Coriolis mass flowmeter 200 is electrically connected to the pump 221 by

the path 218 to provide the output signals that controf the pump 221, The Coriolis
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val ve configured to receive output signals fromthe floweter 200 and open

or close in 15 response to the output signals to prevent the back-{Loys9b005
the fluid product 303 in the fluid delivery system 300. The fluid source

301, the p @21 t.he BboerFt er. 200, the recircul ation valve 222, the

back- pres s’ﬁggs QrRetsbgL0 i alsprRledisisalinapnpecteddo Mhe backmpees e aalve 220 by

I 1l ustrat icfePlR | 1 RiPi-Ng. Q Killed in the art

will appr ggiea@efh ?I ggmﬁ?{gybi pi %36%9Pg‘gé‘gfsgf{&gg&c‘i@e@&'&is‘??gc"t'%f ESRHS Valve 220.

product 3d3naky, te dnrivisvdasefowarealet DOG is glREtrally c@hﬁée{;e@rtbl tf'l&@@?iﬁajiation
e

pi pi ng co b ed, as ter of design choice. Specifically, I nput
of the puwﬁﬂfz?‘?@ﬁl}ﬁr@?{‘g@%ﬂe RrR¥IdE e ulput signalsithel contpelithe 3edireuiatiome
out put50of viahe perp 221 is connected to the input of the flowreter 200 by

pi ping 308. The out'ﬁut of the flowreter 200 is connected to the

back- pressur e e ekiled imthepariwith appreddte thae the fuidEeRsEY Sy¥RING0829 i S

connected.t o the i.nput of the recirculation valve 222 by piping 309. The
recircul aﬁe@rﬁ‘?ﬁ,"{}g PEadUs pthavesa tepdancydy foam dwinedelivary asemntibthe t he

S0t 00, 0. oot 18 i P el e

desti nat i tmtf@mstinaﬂoarﬁ%gmme;a,surémenmmilqué%Ubgmmiéllxpu(?j@ﬂoﬂrigvem s the
e destination 306

i mul ' f the 30 fluid product 303 to t
ano (i T PHRRISHRA cBatiexaialeapisid prdisds as hevecs tarsisnoy e foemrduring v

Shat ot oS duIE i kObsehRaAbesditl. Rk n st S Biins et V8o o
al so el ecéqyalylappreciatethat dhe Guichdelback spstess 300 wally alst?Be RipplicAepat h 219

to provid oytput .si.gnals that control the back-pressure valve 220.
Final |y, e@&rq%éﬁ?’i'id ‘é‘/ﬁ%ﬁ%{‘@ﬁ%@e iaddastinatieal | y connected to the

recircul adperationdf\8e %%Edweﬁt"agfsgg%?;%ﬁt 8- provide the output signals that

control the recirculation V —ome skilled in the art will

appr &2i at e t hdtlG. vhis & flaw ¢haelilusiratingytheapeiafion of thelfal detivedy syslemr sabict s
| system 300 is

t hat ha ndency to foamdurjng delivery or until the
pri med. V%ﬁ%?ﬁ%%?%% PB?ﬁF‘é’ﬁt‘%VeufFi?é"gf 88v$fét é%hémléﬁ@éﬁlbh@glr@eati step W00 oAt he

oL SR A0 e g OB by S SRR MR ol B
during ﬂgidi gelivery syStete 3601 kAt ktepod@etheneciresiatibneaN®RRPds in et to
ggbl L\SSI g@g\fezrgthgéﬁgmﬁr}ogagqqg% lcgl‘\(ro?.]og?\r ﬁw%l Sitp?né %% tt)ahc(:ak Icl ltjflng ﬂgl%l Isguerrc% g 1S .t e
20  Advantageously, this permits recirculation of the fluid product back to the fluid source
301 during system priming or startup to flush air left over from prior uses out of the fluid
system delivery 300 to establish a substantiaily pure flow of the fluid product 303. At
step 403, the flowmeter 200 monitors the density value of the fluid product 303 to
determine the flow type, e.g. a multiphase product flow or substantially pure flow of
25  fluid product 303. If at step 403, a substantiaily pure flow is detected, the flowmeter
200 provides an output signal to the recirculation valve 222 that causes the
recirculation valve 222 to switch positions and deliver the fluid product 303 to the
destination 306, at step 404. Substantially simultaneously at step 405, the flowmeter
200 begins measurement of the fluid product 303 delivered to the destination 306. If at
30 step 403, a multiphase flow of fluid product 303 is detected, step 402 is repeated.
If at step 406, the desired amount of ﬂUid product 303 is delivered to the

destination 306, the flowmeter 200 provides an output signal to the back-pressure
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any type of fluid delivery between a source and destination. Operation of
the Fluid Delivery SystemFIG 4: 15 FIG 4 is a flow chart illustfgtgh92005
the operation of the fluid delivery system 300 according to the present.
invention. On Fig. 4 the operation begins at step 400. At step 401, the
punp 221 is stalve @20t thépgmp BRI ianer theofecirbaldtion valps PPoCt T %ui@gfgﬁaﬂ Cthe
fluid deli ver%ﬂ_ﬁg\%m 300. A}t_' step 402, the recircul ati on val ve s in
position to T cREses dhe e&! Boshuh devgh andestpp phegddive np at khieofluid

the fluid soyse8udldo ; i ht ircylation of the
f1 uid productLtr back t03t¥ﬁré ?"3":?' soﬂtb?(la'}ée%j’iy%ﬁﬁf?gbs%fﬁeg%ukjr#rﬁ’gf&ﬁé? the back-
startup to fliéssurevalvs 22@\causes tine batlopressese valvead 20 tb&:léééltiocbre%’ﬁtéﬁ‘éﬁk-ﬂow
delivery 300 tfj e%tacﬁlishmist%hall @ure flow of the fluid product
303. At 2tef 438 1uiq, orod =3 werieltyesy isystera il y Toel ausputf sighal to the
fluid productegihsl r46 R -3 | se pr.oduct

f1 ow or subst ant i‘aéltfbyn gﬁ?g %%Zgg‘va%%&ztble? %‘?%g?’%ﬁﬁ!veg%?k‘f %\R&: EPE‘[S'OE'QSS,O that
subst ant i al | yheplluid producti 303deilagainibe dbkvéredamtkao the Giduoé<I261 éﬂriﬁé'%? m
signal to th td] cirgul ation valcre 222 tlat causes the recirculation Vvalve
222 to switc aﬁ@'@i‘t hOTOGRPS AN SIeRA0B Ui d product 303 to the .

destination BR@id BbnfireBsé@Eas BB d Rt Bi@Ng-t aneously at step 405, the
flowmeter 2 egrns neasu ro product 303 delivered to the

destinatitbn 306. FIG.a} ilkGtratempadiqeid compidsselages {LLRG) 0élivdryisdserodoot 13803
at step 406, the desired anount of

is d d, 402 | |
Fut . product By FYSglis RBs LPEIkeINGBFYaIam SROSE®, desianed tiehver 200

i d | S /. 20
Phe bunp 221 arapemep@gticts et e BaGLoR H030 el drbie e P Ral i §E hat
T et pt il st S
to the Eack%ﬁéggqji%t%{%@%%Foeg@?gétiqmeé%@@%« Bfmv@f\ﬁiaﬁ)@y(ﬁggsto °
Cl ose ta5pr aufifonRACKhbbe kitedlin b aftill SoPFOAURL 18 Thé DEIge e 4y 8l Kk

system 300. The output signal to the recl ation va

recircul at i SRUlbbe @ standtalonevsystenposcauidite sounted to b reobilelinit ucasta 303

will again 3/% &gelcivered back to the fluid source 301 during system

startup. Th B ess ends at step 408. Liquid Conpressed Gas Delivery :
SystemFIG 5: 1 I fi Wl K r G ' y
system 500. LPG q_ggli'i@\,/%?jf "{s”ﬁt"?ﬁﬁg'ﬁ?{??ﬁba*'ﬂ“l’%&%’%@fﬁé?’?qé’???ﬁo ,p‘@bé&%-

desi gned t oadedrioliermass flowmeter 200, a back-pressure valve 220, and a destination 504 for

20 theLPG 511. The source 501 could be any source configured to contain the LPG 511.

For example, the source 501 could be a storage tank for off-loading the LPG 511to a
tank-truck, a railroad car, or a sea going vessel. In other examples, the source 501
could be the tank-truck, the railroad car, or the sea going vessel that is off-loading the
LPG 511 to destination 504. Likewise, the destination 504 could be any destination

25 configured to receive the LPG 511. For example, the destination 504 could be the
tank-truck, the railroad car, the sea going vessel, or the storage tank.

The pump 221 is a conventional pump configured to receive output signals from
the flowmeter 200 and in response to the output signals cause the pump 221 to tumon
and shut off. In some examples of the present invention, the flowmeter 200 could also

30  control the speed at which the pump 221 delivers the LPG 511 through the delivery
system 500. The pump 221 could be centrifugal or engine driven as a matter of design
choice. The pump 221 should be of an appropriate size to provide a maximum rate of
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petrol eum products that are gaseous at nornmal atnospheric tenperatures but
that are readily liquefiable by the application of noderate Pressygp88s /2005
Sonme exanples of these products include without |limtation, Butang,

Propane, and Anhydrous 15 Amoni a. Those skilled in the art will appreciate

that the Lﬁ?ﬁlﬂ@tiiyﬁ/ﬁtﬁirﬁﬁﬁ%trﬁfécﬁgzg’pa&%fqhgﬁo' r%]tgpgg@l ggmgg@sg‘ﬁgﬁgggube

nounted to a nobile unit such as a “vehicle

conpr i ses aPpsediatethed theppump@ 1dnd theflowmafsk 200a0Gi ihalliis anmsiety & CRYy
nati on 504 for 20 the LPG 511.

The. sour o LBAS BBtP NG e o8 RineBEl of 4G 4 L apeormdmdated imdhe REG Kieiveey
exanpl e, igyeter@ OO0 FAE K Srddgud YhRRES) ti@%kc&Wen?iBF\?‘ ﬁﬁg%ﬂﬁ%sis%%éup \fegi'l

a
to a tank-truck, a railroad car, or a sea going vesse
t he sofir c€opliguregotel teasive butpuirdignalsdkomt the fieivinetsrd2manddpd er shesedm Ng

vessel th ' ff-loading the . LPG 511 to destination 504. Likew se, the
Hoottnat 1 BesrshsR o BBt S05als Toavant e Bankfgnt elthad G i LA
511. For expvgr,eystds sd@stination 504 could be the tank-truck, the

railroad car, the sea going vessel, or the storage tank. The punp 221 is a
conventi onal pdhg seurte 2Qit.dtle pompe22i \be dowmmetes 20Mahe baclopregshee fhlvermeper

and ohut 7% PR TARe el ML Sifin el B dshisten b1 Bon by cever uomeiipingo0

| | | del ,
coul dGal seordjuedts chéﬂﬁmcﬁ%ﬁ?@%@LP@Sgh. té}?eoffwggn,f@édgﬁut' 6’felﬁ§fp%ljjgﬁ§?lé§? g1l

through the delivery system 500. The punp 221 c centri
engi ne dr¢anAected do thetsouree Slkibynpipimpis? aftietheuoptpd? bf theupumpe22i ign

o et ¢ e 3By S irt FRREE L6y Bipung 594 e et (he fowaneter
will ap@Erisaighrietdd o helbEik-gressard vaie %ﬂ@%&ﬁl{ig g?QLg@%dﬂB}é&ﬁr@

variety of capacity ratings according to the
acconmodatedee 220 isneonnrested ko ther gestinaticen5 800y piing1546k- pr essure val ve 220

i ti anal o back: lve 5 confi d t i t put
SigniPs from tHE UM 005 Glesincalepriiected adhepump.2at by he Bathe181a put
si gnal s tppoviie\tagtodthat Siamlstd lr@ﬂlﬁntﬁrﬂ%ﬁ%rﬁ&%df” frhghfleopmﬁnefé‘?'éd@ﬁé’ alpetem

500. The source 501, the punp 221, t f I owret er 200,
back- pr e §aatricajly| cenneeted tenithethackdpeatsisues vaive 20 by thecpatheZt® @ vide the

the Lpe BUPYnS 1 Byt B bedipre n dlyerpbar 1o o o e
Advantageously, the LPG system 500 does not require a recirculation valve, air
20 eliminator or a strainer. The LPG 511 typically does not contain entrained air vapors
until the source 501 is emptied. As the source 501 is emptied and the pressureinthe
source 501 approaches atmospheric pressure, the LPG 511 returhs to a gaseous
state. When the source 501 is re-pressurized during the refilling process, the LPG 511
retums to a liquid state. Advantageously, the LPG system 500 detects the multiphase
25 flowas the source 501 is emptied and shuts down the pump 221 and closes the back-
pressure valve 220 to prevent the measurement and delivery of the multiphase flow.
Once the source 501 is re-pressurized during the refilling process, the LPG system
500 can be again restarted to deliver LPG to the destination 504.
Operation of the LPG delivery System FIG. 6:
30 FIG. 6 is a flow chart illustrating the operation of the LPG delivery system 500

according to the present invention. On Fig. 6 the operation begins at step 600. At
step 601 the pump 221 is started to begin delivery of the LPG 511 through the delivery
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connected to the source 501 by piping 502 and the output of the punp 221 is
connected to the input of the flowreter 200 by piping 503. The out pyl 0% 2005
the flowmeter 200 is connected to the back-pressure valve 220 by pi ping
512. The back-pressure valve 220 is connected to the destination 504 by

pi ping 513. 15 The flowreter 200 is electrically connected to the punp 22 1
by the path 218 to provide the output signals that control the punp 221

The flowneter 200 is also electrically connected to the back-pressure

val ve 220 Bystene $0.h At Stdpo 6pLoiedep 0 S at_contrpl the
e Beled o R e dBe 601 © the

back- press val.ve 0. Advantageously, the L

r equi lroe a %a%#%ﬁ?%?é%r‘f'%@ﬁfé{m%%?t t."@(%nétarrﬂ(}ﬂaand tioe baclste%isnﬁg vailBePG,

511 typi calstep RIES t i i LI vapors til _the source 501

o et o e e A 20 thiUiEs i VABRS ot e s eversitodhe

501 appr oadfetinatiaRosQhert stepr 834 thecflowime tdrPRB G AbnitsisUthBdn itfllvgﬁ%emg 1PG
I r S5

st ate. e 501 is re-pressurized during the reri
t he LPGy\gl?1t1?§t%ér{ﬁérﬁﬁ8 eﬂ%it gt%ge.a m&ﬂimaagdmgugt,ﬂavh@rlsaesmaaﬁwéﬁpg
own

detects thiomaiLAdase. Halgreas thiaendly 18ya0) sy SETSI e and shuts dowr

the punp 221 and cl oses the back- pressure valv

measur enentP™ghd@anplddsnsly valuesrind icbtih@aembltipnase Qﬂ‘géﬂéub,epr%%%sqﬁ% %Qﬁghﬁes
re-pressurj i il hin ro s, the LPG system 500 Tan be
again r est%tfegttg%%'?g dr)gléut‘%}g'?b@g t'%wﬁ‘l‘?gerd&qs Preyidesnans outputpignal todthe glurti 221 PG

del i very Shha ewthit Gigreal t@thdpGmpb225 o@u&b@%ég)?:mpngb{l ggtshgi bggggqﬂhed stop the

operat1bon cPf. t he I;G c!%éi very system 500 acc

i nvent'Pon.oqHYeR, ‘@h B L %ﬂégfﬁngrﬁhﬁéysmﬁﬂ%t%@bﬁ@ﬂiall&tsimﬁﬂﬁﬁbcﬁ%ly bh&te

punp 221 igp S¥re j Lver f the G,511 through the deliver

17 19/ 07/ 20%‘%& em ged?.h%}"gﬁeeﬁ 4 4uBit Sepal orihe badressure vaiveri.h ghe

sour ce 50Putpuittdignal desthe rimck gmeSdife Watvd QQOFB@%e@%ﬁe %gﬁ-%@éﬁfre %%? ﬁg@l L he
a e

t
back- pres | v 20. step 603 the flowneter SUr és Bme
of LPG 51?’%%'1@%&9%%0? ﬁ%G %ﬂa‘sﬁifﬁugh dhe syatermiS08t arpl Bidprocess leperiteste200
nonitors 608 density value of the LPG5 511 to determne the flow type,

e.g. mul ti phase product flow or substantially pure flow of LPG 511. |f

a’:] sth |SO4 t hé qieﬁi%w@@m@méétimfaseheoe%msl ﬁ‘@!@%@éi%e?,:"ﬁoe@ﬁﬁ RontihGUE bt
t hresho 1 indicatin tj phase LP ow, protessin

conti nueSStggtriﬁj 5{ Z’EY*%IOQ.%%@%T8H"%@%L§ ﬁg%l @\?ﬁ'ﬁﬁéfedzmhgrdﬁstige@or‘aﬁ%m% Stetp
si gnal  t 6% procegsiitPdontinlies a0 eiep 606 L8Rkt ddwh B%: PUIB ZAla G RSE DS L

221 to shut down and stop the
pressure valve 220 as described above. If at step 605, the desired amaount of LPG

511 is not delivered, processing continues at step 602 and the delivery of LPG 511 is
20  continued. |
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10 delivery: of the LPG 511 through the system 500. Substantially

si mul t aneously at step 606, the flowreter 200 provides an output $59p3k2b8s
t he back-pressure valve 220. The output signal to the back-pressure va(ve
220, closes the back-pressure valve 220 to prevent back-flow of LPG 511

t hrough the system 500 and the process ends at step 607. 15 If at step 604
a nultiphase LPG flow is not detected, processing continues at step 605.

| f the desi rmm of LPG 511 is delivered to the destination 504 at
step 605, pr ‘ng continues at step 606 to shut down the punp 221 and
cl ose the back- pressure valve 220 as descri bed above. If at step 605, the
desired anount o&l&I}PG, 511 is not delivered, processing continues at step
602 and the delt (kiff felirery prsteni39Q) fopmeasingrieubstardialy pore hidBradut sy 1.
A fluid deli ¢adpréatigyined G aniedt o ' i U i L i d
product flow apd reventing rreasuirf%mgdhg?e?%u%ﬂ%@@%‘%ﬁ&ygﬂé)l\'/f/}jduri ng
del i very of qudlraﬁﬁfgom gribediseures 6374 te A deatingdion @Q)s@g)ﬂuid)ddiveassystmm on
(306), the ftothgridgigd:i very system conprising: 5 a punp (221) connected
between the fluid sour%e ﬁnd the destination.for delivering the fluid
product % om t he & PYNB (<5 ceanecied retwaesithe Huid saurce angrtheldestinatios.fo1 ownet er

(200) connecdstielns] thedid HRdR TR M HE i@ sodtes td fatd gﬁ%_configured to
detect a beginni nch(?)t t he&gul ti phase fl uis?j f?owﬁ%sd%ﬂg ‘uid product is

del i vered from t Re“9Tals dasslowanetsr (200) aernectag hafween thepiampendthered i n |
that said smsﬁmtfanéddafonﬁgtlﬁﬁgmgéiec@a BRGIMPEST MY Aulph4Se ﬁ@%%ﬁé&“ﬂ@?t ed

bet ween theJ@OCLI olis .rrass ter and the“destination and configured to-
open or cl od®Rigductis delvsrrd ttomdhe fiuig soyrgedpite destinationiow net er, neans
(403) witbhi n t heckgrabrelizéd Mahat $di@ WpRbAfufdr RIPHses! i ng the punp in 15

response to detecting the be‘?l nni %pgﬁ]‘) the nultiphase fluid flow to cause

the punp to stof PAEFPRSSYrepfalyenE? Pestesthriveen Bia Eeorclisquassfiqwinetae
dest i nat i onandisndedtif@ion whd bbrtiguhed @‘Hdeﬂ'dr%ld%&%d@h&ml bOhe %ﬁtb{i]@' l'ing
e

t he back- pressghre val ve in response to detecting the beginning of
mul ti phase fIATFIMBA®F0 cause the back-pressure valve to close;

means (403) within the Coriolis mass flowmeter for controlling the purp in
15  response to detecting the beginning of the multiphase fluid flow to cause the pump
to stop delivery of the fluid product from the source to the destination:
means (407) within the Coriolis mass flowmeter for controliing the back-
pressure valve in response to detecting the beginning of the muiltiphase fluid flow to
cause the back-pressure valve to close;

N 20 : said pump controliing means and said back-pressure valve controliing
means prevent the measurement of the multiphase fluid flow by stopping delivery of
the fluid product in response to detecting the beginning of the muitiphase fluid flow;

a recirculation valve (222) that is connected to the Coriolis mass flowmeter,
to the fluid source, and to the destination, said recirculation vaive is adapted to
25  direct the fluid product in a first direction that terminates at the fiuid source and in a
second direction that ter_minates at the destination; and
means (407) within the Coriolis mass flowmeter for controlling the
recirculation valve in response the detection of the beginning of the multiphase fluid
flow to cause the recirculation valve to direct the fluid product in the first direction,
30  wherein the Coriolis mass flowmeter uses the pump controlling means and the
recirculation valve contfo!ling means to prevent the measurement of the multiphase
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20 said punp controlling nmeans and said back-pressure valve controlling
means prevent the nmeasurenment of the nultiphase fluid flow by stoppbRg7/2005
delivery of the fluid product in response to detecting the beginning of

the nultiphase fluid flow, a recirculation valve (222) that is connected to
the Coriolis mass floweter, to the fluid source, and to the destination,
said recirculation valve is adapted to 25 direct the fluid product in a
first directimndfbBatby &udin i , can
direction tha é term r¥tat es g?ﬁéﬁﬁétgéﬁ‘?nn%l%go Eﬁ;ér%?ﬁ%\iuﬁgpfo%%maﬁ? ﬁfsg t he
Coriolis mass9feiRALeek i e fliskroumea.i ng the recircul ation valve in

response the detection of the beginning of the multiphase fluid flowto

cause the rec W_ﬁul ation valve to direct the fluid product in the first
di recti on, e Bystemipk claim itovhereindhe batk-pressene vabesis chafiqureptocomtide! | i ng

neans and thEb K t ling neans to prevent the
ac %ds@%ﬁth@?g%?gﬁ%?%%t%% gt P .

nmeasur enment of the multipha 5 fluid flow by causing the
recirculation valve to direct the fluid product in the first direction

back to the fj urHé SQMWH8f cldim 1% 3?%’ ﬁtttf'é"b%cg&' Iﬂ%gg ﬁo%mgfgg tEP gOTﬁgS% ui d

back-pressure valve is configured to provi
delivery system meteripleciipsics{2¢2) eleciically cahneded td the r&drdutdtion. vaheg222)

fl owmeter fugh FRIPBd C ( lectricall
connected to tﬁgb?em rcﬁosgft%r'gﬁq\?ta ve Lﬁég%r&g#\c’d&goée@&ﬁlﬁ veyedh RPgase
first output 'SHYRelingthebreinningiaf the ewitiphasefivid fiow thebesesthet citetiaticn ng

the begi i NGeltd td iredtild A BRRIEL it P Ml dith 1B Ml flfy KL CUL at1 o 5

valve to direct the fluid pro Int I'on the fluid
source. 4. The system of cla|n13 wherein the nmeter electronics (202) are

eLoct i) cal | va. TheseabMblcihPuhbieh heldePOdcrantl aofdd dedriayde 2

second out put 8nal to gf I N response I'ng gi nni ng of
the multi pha%°émP '&F’dom%wmh 21) @ad seafigured tuipgovide & segondelutpud signaf tot he

f1ui d_pr oduche buei i Resclonds t BAUERR) the btegﬁm.@zgqﬁémﬁang o fidi ABFHaY St em Of

clains 3 or 4 where the neter el éctronics cally

connect ed t F3HRAR® cﬂ%‘"’p‘ﬁ asstop delivery ef the fgid preduetdram ther fsdd seurpe tn/tf@e a

third ouspuidessngiidal to the back pressure valve in response to detecting
t he beginning of the nultiphase fluid flow that causes the back pressure
valve to provide the back 5 pressure in the fluid delivery system

5. The system of claims 3 or 4 wherein the meter electronics (202) are electrically
connected to the back-pressure valve (220) and configured to provide a third output
signal to the back pressure valve in response to detecting the beginning of the
muitiphase fluid flow that causes the back pressure valve to provide the back-

5 pressure in the fiuid delivery system.

6. The system according to any of claims 3-5 wherein the meter electronics (202)
are configured to measure a density value of the fluid product and if the density
value is greater than an upper threshold density value to provide at Iéast one of the
first, the second, and the third output signals.

7. The system according to any of claims 3-6 wherein the meter electronics are
configured to measure the density value of the fluid and if the density value is iower
than a lower threshold density value to provide the at least one of the first, the
second, and the third output signals.
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6. The system according to any of clains 3-5 wherein the neter el ectronics
(202) are configured to neasure a density value of the fluid pr0d9?90§?§005
if the density value is greater than an upper threshold density value to
provi de at | east one of the first, the second, and the third out put

signals. 7. The system according to any of clains 3-6 wherein the neter

el ectronics are configured to neasure the density value of the fluid and

if the densit | I e a | r. threshol d density v e to
orovide the & T of ot fFPafhe StneBinfi Mt 20 berenu
signals. 20 torfiguredtdmeasireches jensitmvalucasithe duidproduct bad Htheddnsitys/apien t he
neter el ectrqgnj re,. confjgured t asur, he . densit I of the
frurd pr oducts e S RuoRRE e oId s vrledgaaide, mpias iifene ot edtied o
densi ty val utha seqondyvamtbthetthirdibutbetesdgnaise of the first, the second, and
the third output signals. 9. The system according to clains 3-8 wherein the

nmeter electronics (202) are configured to neasure the density value of the
fluid produc®. Jhd systethacadedisg toyclzialsu®8 witereigund rmstertdistionise(202y ehol d

density valu Vi the.at,l east one.qf the first 1 he secqnd, and

the third ou?%’tf@UE*%‘%ﬁ?ﬁ?S%Fh%ﬁ%ﬁa&ﬂ%8! ﬂﬁ@g%ﬂ%@%ﬁfﬁ rt% ‘fﬁfﬁﬁwﬁ'uﬁl ow

dﬁri ng ﬂelj i viereguef tothé lawest tmsnhlg:lenégwam td prbdidfs?uw ﬁtﬂeéﬂ gaecte?ié fiz&t,ihon,

t he met ho r t t eps ..delivering a fluid product fromthe
REebid Gt B AR e

fluid source [ ing a beginning of a nultiphase
fluid fl.ow as the fluid product-is 5 delivered fromthe fluid source to

t he desti natjpn, Lding a first oqutput signal.to u 0. Sto elivery
of the. 1 ur oo o ifbaBuind &l hrbiet el ring B AT A goigreroRuct

mul ti phase fftam @ fluicbsqurchtr adéstinatiard the metiadd sernprisimg thedstepsgft | ses t he
further steps of; Vi di d qutput signal .to,a back-pressure valve -
to provi de back- df@[e&%é%s@‘g%s'i’oﬁg&g;%meeﬁ '8 S&E&@??iﬂ??gd?%'ga %i nni ng of the
mul ti phase fl ui ddéteoting a reginnihgrog aanuttiphaseoflig dlow Risgmafivit eraduceis r cul ati on
val ve togdi r,eg i fo first direction to the fluid source
when mul ?i pﬁgg‘}eer%?ﬁpy Q%Fg]\yv%{%%géée[t& eege&"té#g’of‘b renove said third signal

from said reci rcnlroqtdingqa fieslt _oetpubsidlpaléo_a manpl td stop deiiverpditbe fluid prosectdnd

di rection t egnal id'debirtthd bAGRRINGAr RS mikhall blishiagse fluid 15 flowis

not detected.
characterized in that said method comprises the further steps of:

providing a second output signal to a back-pressure valve to provide back-
10  pressure in response to detecting the beginning of the muitiphase fluid flow;
| providing a third output signal to a recirculation valve to direct the fluid
product in a first direction to the fluid source when multiphase fluid flow is detected
and to remove said third signal from said recircutation valve to direct said fiuid
product in a second direction terminating at said destination when multiphase fluid
15 flow is not detected.

. 11. The method of claim 10 wherein the step of detecting the beginning of the
muitiphase fluid flow comprises:
measuring a density value of the fluid product as the fluid product is
delivered from the fluid source to the destination; and
5 comparing the measured density value {o an upper threshold density value, -
wherein the multiphase fluid flow is indicated by the measured density value being
greater than the upper threshold density value.
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11. The method of claim 10 wherein the step of detecting the begi nning of
the nultiphase fluid flow conprises: neasuring a density val ue of 15287 2005
fluid product as the fluid product is delivered fromthe fluid source {o
the destination; and 5 conparing the neasured density value to an upper
threshol d density value, wherein the multiphase fluid flowis indicated by
the nmeasured density val ue being greater than the upper threshold density
val ue. 21 19/,Q7/ 2, JThe nmethod of clains 10 or 11 wherein the step of
det ecti ng thggbgglfg%ﬁ?tﬁ%d Sffé?a'f'ﬁe 0:2f 11 phgtsin testep 9fidelpctipathe beginningafur i ng
the density e mealtiphaseftuid flow dompasest as the fluid product is delivered
fromthe fluid source to the destination, and 5 conparing the neasured
density val ue to RROTHBEG ﬁ‘?@é‘ﬁd’laﬁ’%%fﬁﬁ?ﬂy'dﬁmﬁ as (ecftudd pradust isul t i phase
fluid flow idelivedidciadrethdfjuid BeurtBas HicdedlinBfidd; ynyal ue being equal to the

upper threshold d Ity yalue. 13. The nmethod of any of clains 10-11
wher ei n tfe step %ﬁpggﬁgﬁq M§a4red egsibhyalde taan uprer thieshqld seasity valde.f | ow

conpri ses: nwhereini thg mutiphdes St WiovaksURdiehtel B9 tid medsiPb@UERL: ui d
product is éjﬂ%é’ethed frghn tFe Hﬁui d source to the %gét ?ﬁ%'?@?’agﬁaﬁ‘b
conparing the SF SBPYSASEDId\Panshy ¥8lus. | ower threshol d density val ue,
wherein the nultiphase fluid flowis indicated by the neasured density

val ue bei ng 4 Imqeer thagﬁ}]he Ifovve_r threshol d density value. 14. The nethod
of any of cl 2 nkepethad of anof claims Q-&§ Wherein thecttemef datectinggtharbiegipning ¢ he
nul ti phase foff thedmittiphasediu fidesompEasesr i ng the density val ue of the fluid

product as the f|uid rqﬁuat ig{ ﬂel i{ered,fromthe fluid source to the
desti nati on; and"?aﬁ%rﬁga P AGneitevalie ol thediuidnradyst a5 dhe,Buid preductivver
threshol d deelbiergd frainuies fluldseuiertotthe dastdatiemas fluid flow is indicated by
t he measared dengj val.ue bein ual to the |ower threshold density

val ue. 1%. A fl u?ddﬁ%aé'\np\ﬂé? g'eé'?%'l%é’rﬂquﬁﬁy WRlE R R iiyver targsaeld denaity yalger e f | ui d
product f | owhereih thermewitishzse dultefem IsSifBiRhtedl byth& WddsBraasfenity vaiuk lemgdur i ng

delivery of; i oduct froma fluid source to a destination, the
fluid deli v'é’ra’f/atr ksﬁéé‘ﬂ«'%ﬁ"é"& rF%*?‘H‘gF’e"S' vaiue.

14. The method of any of claims 10-13 wherein the step of detecting the begirning
of the multiphase fluid flow comprises:
measuring the density value of the fluid product as the fluid product is
delivered from the fluid source to the destination; and
5 comparing the measured density value to the lower threshold density value,
wherein the multiphase fluid flow is indicated by the measured density value being
equal to the lower threshold density value.

15. A fluid delivery system for measuring a substantially pure fluid preduct flow and
preventing measurement of a multiphase fluid flow during delivery of a fluid product
from a fluid source to a destination, the fluid delivery system comprising:

a pump connected between the fluid source and the destination for

5  delivering the fluid product from the fluid source to the destination;

a back-pressure valve connected between a Corlolis mass flowmeter and
the destination and configured to open or close under the control of the Coriolis
mass flow meter; and
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a punp connected between the fluid source and the destination for 5 -
delivering the fluid product fromthe fluid source to the destinat%gp'792005
back- pressure val ve connected between a Coriolis nass fl owneter an Phe
destination and configured to open or close under the control of the
Coriolis mass flow neter; and 22 19/07/2005 the Coriolis mass flowreter is
connected between the punp and the 10 destination and configured to detect
fluid product is delivered

a begi nning of the ' fduid.flow as the

fromthe fiuid sputrh&&‘%dé’ﬂ% ﬂ'ga%ée“]SWi“ﬁ%{?ﬁ 'BienReishetwieradiee pumptead thei d f1 ui d

and del i véPy $pslination and henfiguoenpta detect a beamvting ot thicIndilishae'd ﬁ,%g@ﬁe

fl owreter forgg | : u i .response to detecting the beginning

of the multi pﬂggyﬁygl&%rb%f{%‘%/}vgfigmﬁﬂ?gﬂut'%%o BfP s destiration: del i very of the

fluid product frormherastesizad irtiad stideiuitbaid detivieBNsysiBR RS- CBR:i Coriolis
he BNsystEa r%ﬂh@n&@ff

mass fl owreter for ' n

" e.back-pressure  val've in response to
detecting the begi%%n%y@& H%ec?ﬁ'fﬁ ifE?ﬁi' WeteGfor confralingtheswmp ine
back- pr essur e"o§aense to detectingthe tsajinhit® of BbinsuitiBase TuRyiGY he
measur eney of sf’o'”&ﬁli%r?%?ﬁ—ge 29 flcﬂgg@f | ow by Iope?adtl ng t E%c%%%‘éﬁé‘bﬁmb
control 1ing means and t 5% FEaIId Bras frem\lae Seurce émthedestingtionsans to stop
the delivery of tmeans wittinghe@arbolis mase HBAAREerfer 4B8ing 46d B5tKAHdsQfre t NE
begi nni ng of Lje ks E,p&at%ed féL{i d tLI gw.. 16. The fluid delivery sysr?em of
claim15 further con%ri TS 0eeHing (e BedinDigg of themultinhase Buid Sawdecedse o t he
Coriolis rr&séhﬁbﬁﬁh'memure valve heclobeéui d source, and to the destination, said
i rection. t hat -t v GapSE npSy ol el e dresrarmetia a mulphassri on
that ter#?nafléd flaw bytapecatingithe puomp cantrobin §edadlsiahdRS Babk-BHIERLR valfee v ent s
t he measure |t se flaw by controlling the recirculation
val ue at t hg&g’fatrggfiﬁﬁ??%%g}tb %&%ﬁﬁ#ggﬁe’%’ I%Wse fP%d E'Eflﬁlé'étg'ﬂtfﬁ@’%@if@éflﬁ ation
val ve to di réaiectingef theubagifniogvof thesailtphidsesfiuidiigwct i on back to said fluid
source and when nultiphase fluid flowis not detected to cause said

recirculation 10 valve to direct the fluid flowin said second direction to
sai d dest i naté othe fr@d delivery system of claim 15 further comprises:

a recirculation valve that is connected to the Coriolis mass flowmeter, to the
fluid source, and to the destination, said recirculation valve is conﬁéured to direct
the fluic product in a first direction that terminates at the fiuid source and a second

5 direction that terminates at the destination;
said Coriolis mass flowmeter prevents the measurement of a muitiphase flow
by controlling the recirculation value at the beginning of multiphase flows to cause
the recirculation valve to direct the fluid flow in said first direction back to said fluid
source and when multiphase fluid flow is not detected to cause said recirculation
10 valve to direct the fluid flow in said second direction to said destination.
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