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Field of the Invention 5 The present invention pertains to fluid delivery -

systens, vahdro@ke particularly, to a sinplified fluid del pgefigossssem t hat
substantially prevents the neasurenent of a nultiphase fluid flow during

the delivery of a fluid product froma source to a destination. 2.

St at enent of the Problem 10 AL QEILNEW §¥§F§M§ are designed to deliver
various types of fluid products froma source to a desti nat“mml“\mmﬁmm“m\
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petrol eum gas, gasoline, BACKGROUND ORTHEOINVENTION| ar productgeisséet her

exanpl es of these products, include agricultural chem cals, corn syrups,
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or sea going vessel,, Fluid deliyery syste typically .include) a punp

connect ed“k"gp'f"’l’\@ EMQ few gdHrieg Poé?'ﬁé;‘y tHe? rfé&ijiqr%“‘ﬁr ‘%@u?egqtlfcgrot@eat he

fluid thgfééﬂﬁalﬁ]m systemfromthe source to 20 the destination. A strainer
to t

connecte e punp is used in sone, but not all applications, to provide
filtrati ah Statemehtof therRrobteamof grit and other foreign matter that can

d d t t h as.th r . Th ter isatypicall
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destination. t is a pr emin fluid delivery systens to prevent the
nmeasur emeprodoétse suchiaselifuid rpesrolewpagas, rgaseing| kergsene. iy and| other wimitayr
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br aak t heoroaies . COMer S RAmAIPS ot dhb &, arodUiBe ¢ RElugB] ekl REh s PO
mul ti phasgrfip\whitd afd EoanNsuddrsl dhesduece I¥aftsh 4 truekotailider cie| ovsey goingt em
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neter. Anthaideshafbmat®truck, radaddr] d@&DGoiRGTESSI 2| (12CS1 5 renoves
entrained air by decreasing the vel oci tﬁgOf the fluid tata rel ati Ve'hY calm
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transportation and storage cost for these products. It is known in the art
to use mass flowreters to neasure mass flow and other 30 information for
mat eri al syHloowboaes t hrough a conduit. Sone types of nmass f pbeWMiBHBI®s1
especially Coriolis flowreters) are capable of being operated in a nmanner
that perforns a direct neasurenent of density to provide volunetric
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flow including at |eas wo states of matter: solid, liquid or gas. The
f | ownret er enFaiedaaii edthgr theal tamove induringhdaliveny strethis icase.ulvwieveso vageguaind
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petrol eum 3 WO 02/1'1fi1180s PCT/L1S(12/(12(~81 delivery systens, in part,
because they midskpewndr the ag toppe seasslowmeignejo measuieanass Bewandethebl eum
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present invention overconmes the problens outlined above and advances the
«art by preerfarmgadirachimeassrementokdensiinte previde vplunatrig lrgew%'%t ugh

flo er I . nat ; J | st N Al . In
@ fire O qbleh Gifihs BBERENSiRS SR, B, U8 ReT Bl R Rt as b
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The punp is connected to the fluid sourc in nd of, the Coriolis
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the Coriolis mass flowreter, the fluid source, and the destination for the
fluid. The recircul ation val ve operates ander the control of the neter to
prevent the nmeasurement of a nultiphase fluid flow during primng of the
system During system 15 primng the neter el ectronics control the
recirculation valve to direct nultiphase fluid fl ow containing entrained
air back to the fluid source until a substantially pure fluid flowis
established. Once a substantially pure fluid flowis established) the neter
el ectronics again control the recirculation valve to direct the fluid flow
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25 of a multiphase fluid flow Systemprimng is required any tinme air is
introduced into the system which typically occurs when the system does not
remai n f uvb,02840865 as during system shut down or where thepspuiiseLo2ss
enptied. One skilled in the art will appreciate that this enbodi nent is
ideal for_fluids such as m |k, kerosene and gasoline that have a tendency
to foam dariolig effect dengitgpetgntthat comeety therdgnsityrreadings  far iprsseflay rate
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of a nultiphase flow 5 WO W2/ Ue(IBI'l'S PCT/US1121U2fr81 A first

advant ageo%fillatinn iR0EBRY. del i very systemis that an air elininator is not
requi red. The i i i i forcy i i fl ow
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system does not require a strainer to prevent the intrusion of grit and
other foreign nmatter that can danage dognstream conponents. Upon detection
of foreign matter, the nmeter controls the recircul ation val ve and

back- pressure val ve where included, to either stop delivery of the fluid
product or redirect delivery back to the fluid source. 15 Therefore, an
aspect of the present invention conprises: a fluid delivery systemfor
measuring a substantially pure fluid product flow and preventing
measurenent of a multiphase fluid flow during delivery of a fluid product
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a Coriolis mass flowreter connected between the punp and the destination
and configured to detect a beginning of the nultiphase fluid flow as the

fluid progyesedegedel ivered fromthe fluid source to the degtiyRad/dee; a
back- pressure val ve connected between the Coriolis nmass flowneter and 25

the destination and cqnfigured to open or close under the control of the
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the begi nigi Bstablistidte nOhté phasbstdntialy fouwe fididt flowmuisesstablisted, rtbei mettmat i on

valve to direct the fluid product in the flrs direc bac f|UId
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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.
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t he #Basdhegagstaie retutng todhedindig statgalThus, uipp 6an againostartad msdithe

val ue. 3Q._Pref ' i val .Of ' ct as
Uhe 1 ut a5k s YRt} REer ey G e iftetedodmieSe i RRYT o0
and 8 WO U2MheGCBlilisRthasks floWietéisrddibabienpfunsengs thabraking Weeditohetartiy
value to a | ower hhreshold density val ue, wherein {)he mul t] phase fl uig flow

i s i ndi cAPdiPigse Hewnuiansenie gluging Aambipations pbaas andaliiuide 9auen
s or SaEESsYashrin e TERUrRRa oG OB SRR ol R ahle
t he @0st ifoavibratingahd floanfude! atga funelamendairfeshubacy icoyrespboding do erjsit\ymf
: Ereefnr;gls &pgtgﬂg igs 'tr\\‘jrgpg% (I?]\g tLEbrg? fnJel rE'\cls-Pep% e%tryniléls%Jnlit%\u!vthlesvitljrg |}1§ (gv(\a/d by
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 valve, and back-pressure valve 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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equal to the lower threshold density value. BRI EF DESCRI PTI ON OF THE
DRAW NGS 10 FIGURE 1 depicts a prior art fluid delivery system FlIGJRE 2

depi cts ay&asHekess Mass flowneter according to the presenperRseiiion;
FIGURE 3 depicts a first enbodinent of a fluid delivery system according to

the present invention, FIGURE 4 depicts a flow chart illustrating an
exanpl e of theA st advantagefof thepreseshdelivarng system isithat an airghginatonis nad t he

t i tion, FlGUR depi ct di fel Ui [
Cyat om adeBitipeh the prscp: GRbRDY S REFOMGMERERERRS, s Gayfie W61 fighy V"
chart il |yshiéthRighthE%ysRheokdiraet tRE AbM bk tethd heideshrd iﬁﬁ%é:pafseﬁbgur e
5 according to the present invention; 20 DETAI LED DESCRI PTI ON THE

| NVENTI ONheldetentionefta inuliiphase praduat laww Buwisdinstbeifissiembedinfant phove, the

hereinafter. . wit feren e Vi ' ' i .
 emboatmeriic Blodlel &rAERGEq hack BRSHRRRARK It fantially BUIHLid pow
appr eci atgefbratelivigy ito Mhatdastinativh Gndemeabadineeghti ninnthey sebdnideembbdintents and
shoul d not be construed as limted to the 25 enbodj nents set forth herein.

Rat her, tahove, the Bdidralivenssystemosippedelivery pithe Huid altagetharip sespansede

t hor ough - t id | Ll yacC J QN to
those oii FHEEBY L AuPRdsE g ity YASSRERY adVanted Bt Hle phésehl (Rl
el ement s gywterdbabat thaddbiioliznmaky flowmester skintératkd fortuse iaranyenvirampentci at e

t hat various features described _bel ow coul d be conbi ned t(gqfor r? nmul tiple
vari a0 onwhefe moltiphase Howrexigts. Tdus, K'?\?CPT?QT(‘??'W@DB%“@N espqt regHirg & y

7o ol R RS 1o gl 544 e et sl

typi cal prior a I'i'very urd dellvery system
100, a pudpwistiear woegdorentsy bpendetectibd7ofifomignl esattenetheematar @dnprotssiber e t o

nmove the fluid product 108 t hrough the, del [ver. st.em 100 fro .the fluid
so\ljrpe 10'?°lljr|6‘-'|é‘8.ﬁ@é’lfj’|"ﬁ£r]d(ﬁ? ;W%Jg‘ﬁurgt"raé\f%‘é’ g%’écﬁéﬁﬂe@[%g‘qﬁ{%QQWS%o10?
provides fidl dfi@btduck bPRRdifdRt bBlVEH batk @6 1 fidid 3Bdre her foreign matter

‘.
t hat can damage oiovvnstream conponents such as neter 104. The nmeter 104 is
typi cl |y a poSherefaredas gispeetmsitbe presant inveationicomsrises: neasuri ng devi ce

h f fluid d ' h '
Syet em 100 11 onfbRLIGBERCesSHm fob moaBUADs dba RRTE Ay PHICHIA eyt T, o,

103 r em)vsﬁ? E%J@ﬁiﬁ@%é&éur@ﬁweﬂ?ﬁf SaRUNEhdReINE ow duﬁ_rgfdélib@ryf oftd fluigr oduct
108 to a relatively calmstate by permtting the fluid product 108 to

accunul at produchfromeafiaid spasce to aldestnatiost;i m nat or 103. The substanti al

decrease in velocity caus [ id . i se out of the
fTal - protuct -3 SmeSRieisy RRRRF IRl luid SRR s inbtor toh = 00 00
As t hgp ai gelapg tHe FIRldsReuthRoi the diluibscuree taithid dedtinatienat ed val ve 106

opens to vent the air vapor fromthe chanber 105. DeBendi ng_ on, the ttééﬁ)e of

the fluid prodadioriolis rpassiipwiaeterscoppecteddetween e pump and hedeplination ¢ o

t he at nos r r ; J I i air
< i schaphasopfaureRd dRREL e GAR0 T I Rk REE L How S3MENLCErotleL
fluid | ev déliverst frosetherfliics boxircele thie dastingbenat ed val ve 106. Coriolis

Cori o1 1 5 mss PIRAHIEFS a0 Enacks Repiiey e Eorplsimas fwpelAitng o
esen y T B B e o 2 ar e
25 connecrabstftow heterpt er assenbly 201 via the paths 203 to provide
density, mass frr'me%‘ﬁs within the Coriolis mass flowmeter for controlling the pump in

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; and

30 means within the Coriolis mass flowmeter for controlling the back-pressure
valve in responsé to detecting the beginning of the multiphase fluid flow to cause

the back-pressure vaive to close, wherein the Coriolis mass flowmeter uses the
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. which carries

rate, volunme flowrate, totalized mass flow and ot her information over a
path 204. The neter electronics 202 are also connected to the punp 221 via
pat h 218 w@ohbdydsde output signals that control the punp getusaustfig t he
punp 221 to turn on and off. Finally, the neter electronics 202 are
connected to the valve 220 via path 219 and to 30 the val ve 222 via path
223 to prsnpieontteling maansang thedackoHesyretadve,coMEolINMesns te erengnie 222.

Fl owret er el Is . , mani f ol d
207 and B IEARLdmERgor A iiGang il gl oy, SRR daaRE oS i TN ' 2 G
10 WO grddldtlifpésionseTs dststiting 268 bedirhing of thenneltiphdsée Auikdhfiow.| ow t ubes
208 and 209. The brace bars 213 and 214 serve to ‘(%:I;fi ne the axes Wand W
about whi ch eddgfesablyibe regiguiationvalysthatds cornesieq tq Qleeé. oRplismase
flo ter I 14 LS QS i i i ( )

ch ﬂ&ﬁ-ﬁ&{éﬂé}ﬁ? I%@l dé%#'jg U%@dgé%%gtﬁrr]gggﬂ're ,‘S{Fﬁoen%pﬁtﬁ%p@ggﬁﬁpgg@ers
t he 5 fl qwdtetrinasrendirectddhahieomitatesat thedluik s@d@eand passarsd dinectiogh t he
mani f ol d ﬁD?. The fl ui%ﬁp O?u%f' is directed to enter the flow tubes 208 and
209 and fthahiermmatesat 6‘5991 1BA?MUbes 208 and 209 and back into the manifold
207 where it ] e yeiNte] e 205. The
fl ow tubes Zogwg?]%aggga icg{réeé se 1@? g?g%bgspﬁ@égﬁliﬁat el er %F\%Iggﬂ?o the 10
mani f ol d r2oircatiars valve iravespsnss ttadietarting tha beginmingratthedheltiphase floid,

i i a, d el i dul b bendi . /- W
ToardD:; Jaw I s éteefnlaton g o SheltennirBiadE: B FR AR MR R f ol o
207 in a;\Ntﬁﬁl%ﬂﬂfﬂeaCbﬁoI&arhébé abwhsiéd @des tFEQ),Jd\pS’\ébht%l{?ﬁ? AEnagh2Pe are

driven b e driver 210 in opposite directions abou heir respective
bendi ng aeeisculation vatve aontrallingimeanssta prexeat theeneaswemest ofitheonuliiphaseg

fold of the flowreter.asgenbl . Th riyer O 1 |
nown- ar 1S dRBBCEAISIS e msTedBfon vagp iBeut hid Rafidin Bl ea «o
the flow dipioRBacknd tie figiarerds coil nmounted to the flow tube 209. An
alternating current passed through the opposing coil causes both flow tubes

208 di&d 209 t Pusferablyback-presaureanalee isrcardigureshta proyidgopackaeressuneHe taei ver
210 by thg . r_.el ronics 202) via path 20 215. The Coriolis nass
f I ownet erﬁ"ﬂg‘éreﬁgergosﬁgfe&ﬁ'r ed to distinguish a substantially pure product

flow from a muptdgigiapsemetat eledttanicdis electrieallynepnraictet ioothe recir¢uiation
vi brational frequency of the flow tubes 208 and 209 with the changi ng
densi ty tYalve 8pe¢eafigpred ta psayde afirsheutpubsigpaldpdhe cecirquitioniyalee fmi o a

200, ol (SPRRE S detebtha WiFBedifing drinddipras dpat CRisesED Pl
phase0 Asrdcirouldtibegalve tbdlifelcbthie flidd ipobdiect rcthel firsbdirestiondzackdodbe flujgoi nt

along the fl ow tubes 208 and 209 to have a different phase. The phase on
the inl etS&48e- of the fl ow tubes 208 and 209 | ags the driver 210, while the

phase_on the opfdr&fabh) %t&fenélaﬁorgé%/rézé!%ﬁica c8Rtkctfd td Ardsurhb g i ver

210. The pick-off serisors 211 an 12 Fro uce sinusoidal signals
r epr esent eonfigured ta provids & sacomd putput signal toolde o8P imrespoose Thdelsicing

di fferenc et ween t sensorn signa i ropartional tq the | qw 11
w0 02 o( odesedng el T FBEsep IR fph el GBS i Rumidolsteh S8 TN S0 and
209. ghangrsaiid prdtfucl 605 the Miid sbarde toitle destnatise the frequencies of the
natural nodes to vary. Operationally, the driver 110 vibrates the flow

t EbefsI 293 and Ecsje?ﬁb aneieIRIetrenies ﬁfﬁéqlﬁéfﬂ@?"){:épﬂ'é%qiéﬂm e backgpiessyie y of
6l ect r oni YEVEESG coniBietio MoOkEh ik Wbl YiahligIng BcR Pfesgie v 08 851 O

209 for ar g6 td deteeting the bdginainyg ofthe mitiplagse fluid dlogi thyt cagsesathieng t he
exi stence of a multiphase flow throu the fl ow tubes 208 and 209. The

change i nbaelhprasguresval¥yeia PERYide) iaReckapregpier inithe duidtelivery systimer e
mul tighase fl ow.d i LA RG-S b A A ;

densi:%wy val ue ?(6&2%%8 I n%%ﬁ%@(&ggéé?Péjhggﬁs@é?g%g%ggrﬁgggggﬁgb%‘(@"%pe(gri son
“is made atfw fdd produntandtifthesterisity waluecistgreated tieaat an uppeethireshoid deosity

ko 5 e s B
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those of gas and |liquid systens. Thus, the neter electronics 202 could use
one or both of the upper threshold value or the | ower threshold value to
det er m naypheodBoPegi nning of a nulti phase product flow pheagoslensity

t hreshol ds are predeterm ned by the user or manufacturer of the Coriolis
mass fl owneter 200 and are programed into the nmeter el ectronics 202. The

met er deI ect r orfPreferably még%cﬁ'ﬁptm'qwebvémﬂamﬁmdne@ﬁgeﬁb@ diepritg ¥alp®l t o
B Cher - scibg Tilg BYARING cefishy'FolBl T Ickich in A & IbWer e lfeta 8RBT Gaidel L2\

the fl ui dprdQidecatiiesst oResofithe dirstethecdscondcan@ @ik thirdesutputtdignalsght and | ef t

vel ocity signals appearin n paths 216 and 217, respectively, The ter

el ectroni cs 202488 [yc@ege(g{@?%qtf)qmcssa@n%qn%@m W?i%ureéhgi%\sm V@@Prg}lo to
osci |l Izt I f['bQﬁ:IE ; . [ffatay! %! | ef t

. and ri5ghteth%e OCF y S|téﬁgllfgﬂtgg%@gl%gfagegﬁgeggggqﬁ%g\%ﬁ?gﬁé. @%j%gg ath 204
provi des walue ppatidatie anleast gne ohtherfist, bz seddndnwand ilee thitdeoutplibsignalsi cs 202

to interface with an operator. In additi t net er ecironics, 20
generate out pUPrelghl Beleesatoas oo B Teogre g densRsYaLE Fa ve
222, and @u\é%%&’ﬁgdﬂu%igné@ftHé'déﬂsﬁanlu’éh@eﬁUé%tthé'lcSﬁéHtﬁréﬁ’rﬁ)I&ééﬁéiﬁl ed in
response to the detection of a nultiphase flow by the neter el ectronics
202.. The walupproddette at leastena bithedirst, i sa@ndhand dhe thirbautpahsignals. val ve
220 tQ either gto the fluid product flowto prevent the neasurenment of a
rrultiﬁ)na_se pr oadleYef PBAPG'Stedi rect the product flow to prevent delivery to
the destinati on ol ¥eSeasEig afiid\biddueerenRuARg defvéry dfenuiderdduct WO
02/ f 160R0OS PCT/L1S02/02G81 fol I'owi ng descri E‘EI on, during primng, the nmeter
el ect r oni fremza fluid source: toud destiration camprising the sleéppett product flow back to

del i very to o HUEAGH st Fudteny bREhVE selrBHsinBREHEMCL ™" e et er
el ectroni cs 20deteptihg adsigienind of AUNBItiBRAsd fuid oty &5 fheaid pheductisre 220 to 5
close to substantially ,{)revent all delivery and neasurenent of a nultiphase

produtft f deliverethfometherfiuid serrcertothesdestingliony ovi ded merely as an exanpl e of
t he operation : (o1 W { I imd4 the
t eachi ng of th@foﬁ)’r é&%tfﬁ{s{n@%ﬁpﬁ%ﬂﬁé@w%@éggﬁﬁ tqpfl%ée]ﬁ’tgﬂoﬁfﬁs%qggqjgﬁdydcmﬁ

appl i cabl gadstp@ngé Ittielﬁete,cltiﬁg tiné begmainkOof theunuitiphase ﬂuidlj ;ﬂdimngnldi nnge tubefI .
nmeters. Additionally, the present invention is equa applica t ui
del i very syst eR®VIFHNG AFasondiqtrut sighal t%ﬁdqa&k‘ﬁfﬁﬁqrﬁl‘)é"ﬂﬁ’ §V'dﬁﬁ:lﬂ<§’

Del i very ~F i IS iJ product

dol i vor y BIpER iTeShopid Idtiefdpling YR bayiRfingorMeHbIRke g ol el ver y
syst €20 300. ThPrdfersbdy delensity yabesneaszes the floidrmpoduetsassthil fluidi prostuct is 301

f fl ui duct 303, 2 i,0li fl t 200,
Pecir cul afetieTed o i Ralte o the AesBhafin n850° and - dest ination 306
for the fluid pspgHfds th@3nedSinaa dens|ty Qdivenotdirudr titeshoRidERMy afud, hat

the fluid delivery system 300 coul d be a stand-alone systemor could be
mount ed t whareiobihé multiphasefiid flewds inslicated by2be measured dessity alugdeingoul d

be any source confi.gur t,al id product 303. For exanple, the
f1 uid spuggﬁﬁgb a@éi?dﬁ%SF@Hﬁ%&agf@ﬂgﬁgv%%ﬁtain a liquid petrol eum gas,
crudeg®i |, ker pgsiaablyimdasuding ®hé Bensiey Valay iof e flaa plodulisthedald cul t ur al
chemcals, as well as other |rquid products. Simlarly, the fluid source

301 coul dppdugst i delivgeed Bar therfiuid sonrsade toe dastinationaapd oduct 303 to a
t ank-t K, | i g ,
the 71 ui'd sour EMEBARG 12 pilsurdl oBnsiAyalde RFaliEpRet treshdld BehsRfoaRERS .

goi ng vessleréihahe nuultipiadeofdd figwtibinditatied byrthdueast®ed tensitysvaluadeingnk.
Li kewi se, the destinatign 306 could be any destination configured to

‘recei ve tg8upltaithe yppartreshrld degsityyalit e, the destination 306 coul d be
the tgpk truck i : j laat rage
tank.ggome exar?ﬁ‘%%ga% ng%é%‘:t’:ﬁg@? f\%idghglrt%gﬂg?@?t@ge ﬁﬁgﬁﬁgguﬁm%sﬁggtfﬂcfm tation,
" gasol i ne, pkaduct éndeliviered frofrutile faiid sodicedelthe destination; bhdui d pet r ol eum gas,
crude oil, diesel oil, fuel oil, mlk, corn syrups, corn sugars,
agricultural chemcals, or nunerous other fluid products. 13 WO
021110118115 PCT/ US112/ 02fi 81
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. fl ownet e

The punp 221 is a conventional punp configured to receive output signals
fromthe flowreter 200 and in response to the output signals cause the punp
221 to tyweonisogsxd shut of f. In some exanpl es of the presepi/usivepdl on) the
fl ommeter 200 could also control the speed at which the punp 221 delivers
the fluid product through the fluid 5 delivery system 300. The pu 221
coul d be cent EPMPGENT dhe EW@ﬁHEfCHWWW ‘é?du%t%%(@‘@?r thre ganehyoralde. The

u 221 r f flow
Phar 1a Wit dipaie Rt ABM 8 ifuicaed dnd rﬁ%éﬂ%@d@ﬁﬁ'a” [Valle Befhd’
the art W'Wértappnbe:mtathmmtd\@emyp/awd and the flowneter 200 couI d be a
variety of capacjty ratings according to the specific, flui roduct 303
accommudat ed PIeleTRly feastang 16 Rnot vauoSs e fgdasiduasoRa e
recirgul ?M%{guvatéuﬁ/ew@hohane%d aﬁa&@ tBQhé%%@!lHého‘?\UtaHHt signals fromthe

In response to the output signals fromthe flowreter 200
direct the fl omnnﬁarmgdhé mﬁad;upsd)damlt)e%ue@otheeiotMelmthresbuldcdartsleehJet he

destinati 30 back sur.e. Ive is a con entiona

back. pr e Aranap Falitpfs A RoNGS ndee Tns rdas R B RO bR LMD et o1
200 and Rpeal Wthé'lé\ﬁér!h"r’eé%ld ggﬁgi%seam@ t he output signals to prevent the
back-flow of the fluid product 303 in the fluid delivery system 300. The

fluid source 301, the PDESGRIPTHOMNQE THE BRAWINGS eci rcul ati on val ve

222 he back- e. v ion 306 are connected as
i 11udPrat ed bﬁéﬁ@%@ dx‘y’ﬁé%ﬁ\éf??a&a@ﬁdégﬁ é&'ﬁss‘/%ftiée skilled in the art will
appreci ate t hfIGURE Quepm 20 orislisiass eWnmrigraicdbriing 1 thé proskent idventizo; ct
303 bei ng accommodat ed, and thus, various different types of tlzglfgtﬁ coul d

be used as a MAGURE aﬂeacﬁ @ﬁrsénmh@@m@wézﬁafﬂ%dwewﬁ)éstern@%o dh@unp
221 is ¢ he fluid source 301 by piping 307 and the out put of
t he purrp%g‘gggrfti% oﬂ'ﬁ’bm ed to the input of the flowreter 200 by piping 308.

The out put of RIGURE aweicts aXfiv chardifusteting dnoexdmpleasfkhe bperatioa ofdhee 220
by plglng 25 314. The back-pressure valve 220 is connected to the input of
the déci renipediment QEF‘Qé"eZQ?CEWGE'QJ?%E‘%UQSGWBV?@&W cul ation val ve 222
provi des a thr ]wg% RS n,?gg,fg itRi ng
310 and the pnglén ﬁfeﬁ ?Qggsgém(ggg?gatermoﬁtgﬁlg? (Pe)tétwtg UI gcédgglr etBSOl
and t he pgheipngsedit inventionnatdes at t he destinati on 306. Advant ageously, the

[ | ati It d f th fluid

or oduct 303 1 & (OHEEBdrES P S 6hof Bl shAung A Bxariiiecs T8 FPemIBRQlingI |
fl 221 by th th

215 Lo prET O R S e 1B et b 221 The Cor ol 1<

14 200 112/ (1(i 0$(| SWIUEWWEMRTTHQ&OFIHMNHE ON s al so

or ovi de- 1 he” odtTBUbSSPORBYE P TEAE e oo Ba ofSTe a8 e Db 0

Finally, rfehsekies td)tHeSadm&ﬁ)afdymgT@ﬁaw @9 0n i embbunﬁéﬂns of iEnimoeRibri 0 t he

recirculation ' valve 222!@1)/ the path 223 to provide the output si gnal s
15

t hat contarelshowa. rEwsecskil ithg amawleapmc'at@téaémq ingention gidd et wi |1 |

appr eci at Ei’g[)&'@%g él{l' v{)) dﬁf&eﬂ? r%%ré'ncfgﬁotﬂg‘ngpge cﬁn%‘.ﬁlﬁ@# ﬁfs ‘ﬂé’ntfeti% q%%r oduct s

t hat have oam uring delirver ste Ois

pri neg. Iémbb@nmbm@set forthveeirSin. tFkahét dhesd emb&ﬁﬁn@mte\eeebso\d@éd se thyattthist he
destination 306 and neasurenent until the substanti a pureafelﬁg\ﬁ‘l s 10

est abl i sHésclosgeavil benthreaughrand G?'leﬁt%-cﬁﬂf’t wilk figlly Cﬂ'a therseR €0 foam
during d it Phﬁ*g e skilled
in the are'bbéﬁ% g&ﬁé??ék'gw %eg{légé ﬁﬂat th I' [ veryaéyg@%swo woul d
al so be aetatnemwlmomg:hmny Additionatily fthosel sKitled methe aréwlbappmcmthm and
destination, eratio Fl ui d S F G,.4 15 is a
“f1ow char\farqustf%%%t Hasqrwégip%@aﬁ%% PRI o OB TP \@V?F '8R% 8bo
accorgj nGnkqnidifion; esent invention. On Fig. 4 the operation begins at step
400. At step 401, the punp 221 is started to begin delivery of the fluid

" product 303 through the fluid delivery system 300. At step 402, the
recirculation valve 222 is in position to deliver the fluid product 303

t hrough the piping 310 back to the fluid source 301. 20 Advantageously,
this permts recirculation of the fluid product back to the fluid source
301 during systemprimng or startup togflush air left over fromprior uses
out of the fluid systemdelivery 300 to establish a substantially pure flow
of the fluid product 303. At




step 403, the flowreter 200 nonitors the density value of the fluid product
303 to determne the flow type, e.g. a nultiphase product flow or

subst ant i@ hyodewse flow of 25 fluid product 303. If at stper4Qe02es1
substantially pure flowis detected, the fl oweter 200 provi des an out put
signal to the recircul ation valve 222 that causes the recircul ation val ve
222 to s fi sctelfliGydi the fluid product 303 to the

li
destination 3 t. 404. Al i , the
f I owret er 200%@9%@#@%@%8@%?&% gf{%’?’fﬁf’ﬂbwﬁgct g@éyyd%}sltéﬁef@gél 9 ﬁ t he
desti nat itha P deliverplsysenst10p, 4 p3imm 10uidonpbeted tblasowudcef 107 grovidedube 303
. I's detected, step 402 is repeated. If at ste 406} t he, desired amunt of

fluid prdegsiredomessyreia moxe e fuid prrdust 108 HipHah thedelivenesystemntiddromoo

provi ges [ hes prae i 8;9?}11
. PCT/ Lgsoztﬁ?f@'@g‘%% J?F’?ééﬁ‘?ﬁ'@s%ﬁﬁﬁl‘%z Sfaié, 102 cotifedied & iRfbmp 101,
The out pysrogidesdiltrationt frempheintdBiorcafugnitsaridhethpufgreigd natbersthat catodamage st op
the delivery of the fluid produyct 30 théguqh t he fl1g)i d gel,i v?r% s&atem
300. The SRWRRifeam GRAIPANENISSUELA% Mstek 0¥ e The Petes J94 18 dyrically g positive
back- pres ; ; t 4Rk }
product - DIPRGHTEEOERE B IR ISRE thal PitesuRs & D8l bithe
reci r cul afluidrprodiictepRBihg tirsegh tie deleny csyistam Oy iibmethe2souroe sii7t tohthe
positions, sqg that the fluid product 303 will again be delivered back to the
flui &Osou‘i’%%'"@ﬁﬁnaﬁai ng systemstartup. The process ends at step 408.
Liquid Conpresgg ir%zniﬁﬁ{gé%gyreﬁsb%@@nﬁaﬁsecﬁair b9 delcfeading tHd!isélbatesf the

| i qui d conpressed ga elivery system 500" LPG delivery systens, such
as LPG defluig eprodusts1@inta @oyelativelyl ealng rdatet by permiting tee floidpradict d08t%® t hat

t mal _at iC,t . t . i .
1 quer: abPeByBRIR R BRET o06 bt trcp U b o, The S faRudiRSedse,
these progslstity EasdesdfappddainbubblsicrivapBr tdHEG Bt o hepfui pradistt A0BYHdoUS
15 Ammoni a. Those skilled in the art w Im%pprem ate that the LPG deljvery

syst & 5goolte@nimthﬁwnpegtp@rntiprapbm clggambeeﬁ cdeithe Bis vapandisalaces shedlbid e
i I P [ i 501
of Lpes s 14etigie, 5 H3ateferalctfydtie PE oh¥RE Yo TR G oR VBphPRE BEBranEaL 168

val ve 220DepBAdiAgddstheiype onthedid proddet 108béiRG delilereth thesaitivaporid ditheu! d
be any source configured to contain the LPG 511. For exanple, the source

501 coul dvented tethsratwsphare 9idp asanaraigfontpinment yessehnot shewph s e dik, a
railroad . i ) ; hi

coul d pe FrisrBinéy ERMECRAEEF 165, 1nb prevctft ik ROk FONIRRER | |
of f - 12(adi rige ihd shBhelflodt@pdestet vatvieotD&04. Li kewi se, the destination 504
coul d be any destination 25 configured tq.receive_the, LPG 511. For exanple,
the desti&RDPEHTIOWMEISLAZCQAING,0 g presenidpveniion - oad car, the sea

goi ng vessel, PrG.tTmu%%egﬁcéﬁdlis-maé"seﬂwmate@bdc%n@pmﬁgfzsgmw@m,wﬁmt
configured to receive output signals fromthe flowreter 200 and in response
to the ouvalve 220gard 8 seosd vaie pRa2p Thel1Codolisumass flonmaeten @00 somprises fome

I f th j i he,fl t 0] trol
he. SpecdlBWMARTASSER oI 209 I Neimelaf ectiiRiiz. I08 e fsfeofiesdor Atk )
syst 58 508pnridited WiihetRdte? A4EEMBR ZPINiA thaipaths Q030 ProBdE HeMSity, atass floRd t er
of design choice. The punp 221 should be of an aggroprl ate size to provide

a maxi nunratet wlumefiow rata, tolajized ass flem adatireisiorrgtiop pver awatihé@4.i the

wi thin the_r, i kL {esls 4 At
W1 appr Dta ERERARRS A% e A8 conREBHT0 78 um 225 yB byt and T pRAIE
vari ety obufpafjrials tHticongohteopainpR31ocalng the pumpl 22 P60 Lirh crcandnoifdat ed
in the LPG.g?Iwi very system 500. The back-pressure val ve 220 i 5\

- convent i offinallyathe petes elpcropigs,202Zaresonngaleddotie valveidd ‘ﬁﬁtpﬁal 19 gndite

Lo pr &8 ot ViR 222 S paR 23R rpeE LI SRR PR e Ot 2P ar O

* sour ce 50¥%alvieh22purfflowddetet hesémblyn2d tind0des whpaib af Klanges s20% and| 206,220
and the destipation 5 are, co ct s jlLlustrated by FLG 5 b
convent i omn'ﬁ%?‘ﬁbamgﬁewﬂvbaﬁaﬁg aﬂﬁ%gc&%\&{%%tw B! ogflsfnsgg‘é%ﬁf%% ly,

the input of the punp 221 is connected to the source 501 by piping 502 and
t he output of the punp 221 is connectedqpo the input of the flowreter 200
by piping 503. The output of the flowreter 200 is connected to the

back- pressure val ve 220 by piping 512. The back-pressure valve 220 is
connected to the destination 504 by piping 513.




15 The floweter 200 is electrically connected to the punp 221 by the path
218 to provide the output signals that control the punp 221. The fl owreter

200 is ahggogh@ssy ically connected to the back-pressure Vatygs@didedy the
path 219 to provide the output signals that control the back-pressure valve

220. Advant ageously, the LPG system 500 does not require a recirculation
val ve, ai?l memnnﬁﬁ@ﬂda the flow dubes 2QF andrRe9.L P brace Bass 248 apddblksaive

contain en our ce
S01 15 enpeela’ B da N EHE0R: Ho i whbE e BEpRBealt LBeF 205 B 2000st RSP
pressure, t he WR& hé flovirers dsemPpD00US intated iMben pifineosystemb(hbti s
re-pressurized during the refilling process, the LPG 511 returns to

liquid stehown)awhicht Gaiees s fuid msoduet hejng eeasuredy dhetvid qrﬁéumwt?fﬁﬁgge 25
fl t

. the bk RRuBEE SSsetil 2y SRy aRtnGp 208 s HRst SR BEmAIIFATR RS

mul ti phas&htlflaid prodaet is direstedite entsd the ﬁowtutmsﬁ)&anm ahdilavgs thrmJg’rEtheI ling

ot | nat il bes oaad £BA 20 bark nEadnpORY 2o svbsfert eteihesiomeiers”

a flow Ché{Sterﬁdny 98k rtﬁ,tol t,:,gﬂaﬂ@grz@gl on of the LPG delivery system 500

accordi ng resen i nvent . 6 the operation begins at step
600. At step GWeﬂhw tobep 2981anct2@9areselaabed)egdmm¢pmew mounted torBes11

h h th / / /
602 R L Pands 4 Haiasto Bive subTeRIAN TECsAEe e RLIMER! entsefa vr
the punp @2édkia b &Eétﬁm%@@lesad%utt 'B%nérﬁ?‘%)&é‘s%wréhdfwﬂw ?e%‘éecﬁ\ﬁel?t qhe603

the flowneter 200 neasures the volune of LPG 511 delivered to the
dest i nat i flow Sakes BOSQI’E#DZBﬂheXtéﬂd butwardlydromdbe manifald L07his areeseentiallyl ue

or subst PRALFITgSHEe THeffutsbedsind 208 g &ndp B diBEZTTITooRNT. o
the LPG 5é1i‘ec%ﬁs%éu€ {RRIrYESIRECti0E ePUig dxes &% BAH YV daitsdtwhat il toened thaifieet | ng

a mul ti phase LPG flow, processing continues ate step 606. At step 606 the

f 1 owrfit er otad bpndingdels Qirthcbﬂmvme agﬁambw&heﬂpﬁmﬁwemlo isrpee elimany V\Sqlbnal

to the p 221 caus

of the L afrﬂpgﬁréﬁn Sneoﬁ%/g?aéﬁﬁ%&gﬂ‘%ﬁ}we{%ﬁmﬁ%@ m#ﬂaﬁéed(;l@stﬂghb step
606, the fdb@m@ﬁd aRGpposingdsu radustetiny thes flgnalibé QOQh@xrbawémaﬂngssurrentval ve
220. The output signal to the back-pressure valve 220, c|gses

back- pr esBassedhraugivthe appogine\aaiicayaek bethdlpvstubes@0sand %Q%t‘ibq’ls‘i"iﬁiesﬁst em
500 dt G
Plow 1's notails 837EEREFs Bhelodd B arverat o tng hisheridéo friy 20208 Bk
anourgQ of 24%#G 511 is delivered to the destination 504 at step 605,

t t st 606 t t d 221 d cl h
Drckpr osour o vEhe Coriys et gewmeser S irconouRd & ditpadshih subaanialy'®
amount  of phfg@radictfoufbmirliBhade B A6R LY SkllP'v’éHQﬁor@ém%@ﬂb@%nﬁﬂd

t he dellvgryo ontinued Th ed inthe art wll
under st an&eqhmcycdfeh@ﬂeweubmmw Ra8with thechangieg depsitethaboteurswhen a

and spi r1 BunanRa A Rrvae: PO Ryl RulueBEEe lodiiy PORCVINE ebTisdeprS

| Nt enpg onfbg tﬁr%lwghttﬁe MoWntetBP200, élﬁpélﬁts'%]@h%@ﬂ@ﬂﬁ\ﬁ tubes Z08iand QOQWs@mQté hi s
full rights in the i nvention. 18 2/ (L((IACI'S CLAI M5

PCT/ US021 with(idatical phaw uhd floisl beging tasflew cheridocoelaratiens cruseeach point

il 1 phas Borb e B {ybes AL eob LS Yol & MGrifEP NP, IEGS PRERE Bh g e

source (3gie)ofttRe ﬂodﬂ%bb@&t)B@hd(i&ﬁﬁl)agsﬁth@di/eh ﬂ@@hlmahe phasé om the outlet
corrprl Si ng connect ed source and t

- (cjiest i nat | élﬁiefoﬂh%&W\?@ﬁﬁ%oa(W ?@%i%dﬁﬁ'&lGﬂYerf3“1&n-lfn¢é3'?lf'9ﬁ(§e§6Qﬁ5c?é‘ 1t"i‘ﬁq he ;
the. o0t 1 242 PERORE ShlsyidE Siar I PHSBE REnta VIR 60 LRI IREAOR B &

“fluid fl 0W095Thb@hb@eﬂifte’reln¢vmt\menitbe dehsorsigrald is propdrtiorial to thesoassfiow o
the destination; characterized in that said systemfurther conprises;
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a back-pressure valve (220) connected between the Coriolis mass fl owreter
and the destination and configured to open or close under the control of
the Cori &hdgyomss fl ow neter; 15 neans (403) within the Caej/gk§2%268SS
flowmeter for controlling the punp in response to detecting the beginning
of the nmultiphase fluid flow to cause thepEu to stop delivery of the

a

fluid proateqf fiticireugh theffave tubest 28 ged 2 hangesin theedarsitysgthe divichi n

the Coriglis ms f C ] ack pressure valve in
r esponse(ﬂ%’ Qféisgip% k’%@ﬁé&%éé’mﬁ ﬁ%’tbf)@ rb%dé&rrttglr\ﬁrghase fluid flowto 20
cause the baclogurgicnalle, taé \driviee t1msdhratdseties flowheulesr ROBI andrez09 fatt cavnet er

uses the punp controlling nmeans and the back-pressure valve controlling
means t o fudareentat frRAUANSY GPERERONYPA {1 DBy ‘S’ﬁﬁ% g“'pl prgu?tﬁ@W"lﬂ/trg‘P%?Jbi ng

del i ver ' t G atalt f the
i 41 B foftubeq'sfe GO0t e MERR MEGdrted 202 iarfler IeaRRAART ! |
reci r cul attratingy flbwetub28208 had 209 foormneltarge trovalbe tGaléteimise rmmsbang@wnet er )

the fluid ., and the destinati cand i fi t [ t th

{1 pr densly dicatnp b exfsfenae o mhitiohese fonafiedh oW nhes TRARE ang

a second Tz@@f efhd eﬂaﬁ§@‘in LehshyR! S&nﬁ%réd?gé*ﬁ&t 4 Bpepthréthald vElse @Erem of
urt S1 Nng: neans

claim?2 her  conpri 407)"w thin e Coriolis mass
f | ownet emiiliphasenfiowlihéladingrgasiand ligadi is dndicateg! gy the eleangesodarstyi iue

recirculation,valve inr n to detecti t he beqgi.nni ng of .t he

ol 1 Bnadoprdig e yRPeLRREROI vaie, &S dehirGER SRR et nwer i o
product itRrelsRBIdf Valdd tdlintiRtd b eXibRRES Bf HifipHake FloWsinomamd dasvamd sblidss es
the punp controll1ng neans and the recircul ati on valve controlling neans to

prevent tliquidrand spkidsar liguid, igasnand splids sviich exhibittsivilahgamaing eifeats o

recircul gtion valve to dire he A1 Ui cl .l : b Ll ect] back
Lo the 1 topep gbps andFatid Sloes Ty el neoriol 2p Bl oo 8 .

val ve is midfaHe ashper tAfebholtt vaReKopties fawer thredtind Mallied tol eetererine thist em
10 5. The systemof claim4 wherein the Coriolis mass flowreter further

conpibsedeginnieg ota suiltiphaserodectflow. cthesecdansity tueshelds @re prededermined

. Cati g . ‘i ) |
Lo the.r o PRYSE! EmeDBilABRofiE IR A MG 280 drifdre BoRmTed] S
mul t i phasgtofthginsktét lactréwits 202sThe hitter @lettronits202 reshondad the begidningaf t he
fluid product in the first direction back to the fluid urce. 6 éhe
syst em ofthe mltiphasg{lomstorprovide putrut Sl MH?EH"‘(PZ#Q)' aaa %Yfglf?ﬁ' ?egang
connect echd Nl dihePUiER delivbry) oARE TERNBIGANERSE LAirBEAHE: dRidory aeRTo T Ml

signal to the punp response to ecting t eginning of the multiphase
fl ui @0f | casurbent 20 causes the punp to stop delivery of the fluid product

fromthe fluid_source to .the d i nation. 7..The system of. claim6 wherein
the meter el egtheo'ﬁ‘?ge_é' e(l%gam%srg&%[e&eg\ﬁ gy r_f%ht@Bﬁﬁ%%f’%@g']t%_s‘pﬂ@%t?fcﬂ??ﬁpgssure
val ve (220 Péﬂ‘ﬂ_ SHNERIWET réHRiiBIydeTRe MitedeRiirBRics 2025hdaate the digeback
pressure valve in response to deteCting the beginnin he mul ti phase

fluid fl csignaian path 246 caeingatrivep2d8 sapscillate flow tobps 30§Imtdtzﬁ>e. paskmptesssur e
ot e ont elbBrg b 465 Hredsb igh Al rERE vESRhy BoRbis b Yomptud Y lals BR ARE.C"

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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30 neasure 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, thgoseeares and the third output signals. 20 VO @24 dGh49s1
PCT/11SU2/ U2(i 81 9. The system of claim8 wherein the neter electronics are

configured to neasure the density value of the fluid and if the density
val ue i s follewingtdesariptiars @eiFing nmmnm the meater elgzctmmlge 2p? eouldecause the valvast

Cyst om of 224 i sebypBFRT i oAEK 1 1l A bBuREE ndy AL Bl e

neasur e thedderTow befopd delivary tda d%lsun@hdwmﬁtea@u%méntt e aflether exampleje i s
- equal to the upper threshold density val ue provide the at |east one of the

first, tHbeduelenalecronish @0t2rr@utd1ca@saahhemume 2git4p shuaff and dheyalve@2btoc| ai m

9 wher, ( t nsity
- val veSor SREFIT BN rroler i detibn iy FRELAINER & BRADESe drBufaTS
t hr eshol dfi@ensi ty val ue provide the at |east one of the first, the second

15 and the third output si |s.. 12. A method for neas a fI r oduct
f1 ow during deTlQ/@‘?%F”@t'OQO?P& & I8 PHRNided mesely 2sAng@ E‘g‘etc’BeE? lonora

destinat | ?Pucl)lg‘hﬁwa@gtﬁWnﬁmd s Aot 'i}ﬁeﬁ&é‘cpgo getne gfél 'té’é?fh'lﬁ'@ oft thé LHrQséHtOdUCt

fromthe source to the destination; ng begi nni ng of
mul ti phasiavéhtiord fThevpassdriteinbéntiah ps aduatly |appllebbleetoe@tlieroty\p'eheoff maset
t her, i ncl udes

t h i hod f
Srouil nSﬂéwwe\P 55 nshiting SiopRlupe Maptary Addialy JBé sesent v anof R Al
product Q&%%B@%@ﬁ@dgmgyﬁgﬂ%wmtﬂg thﬁs%dfb'll Muﬂfb@@alf/eé“ d

flow, and roviding a second output Signal back- pressure valve to

provi de bl D System e to detecting the beg| nni ng of the

I tiph fl 2. Wh h
ot ecting. t he By AHfiites a8 ALaRBld ThaBia SRRl E Ao S Rm 2Borigg S the
measuring @séﬁnﬁw&ﬁtumlnﬁnat fluRedéliverg spstee 800 aTHeRuid Ideliveryrs3@tsrh 309
dellvered fromthe fluid source to the destination; and conmparing the

measutbed demprises gdluik sedrcen3Qibpta ﬂuml SEodIct 3034 Pympad3fe a Boriolismass

by the modeNEleT U8 r PR aR o0 & R RARE valel£20) offp Bl <

density vabeifor thé. fiuld@romict 3301 Thbse Bkilled Wheecart willappresiatf thaetiss fiuidg t he
beginning of the 5 nmultiphase fluid flow conprises: rreasur%g the density
val ue of delivery aysiem%Qﬁ@@ulabetawetammlqm)swdamor coube wounted famakiler | yi d

source to nf’eﬁh' and conparing the nmeasured density value to an
upper thrgﬁEgF%‘aa nsi 3'/8€/al ue,

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 corn syrups, corn sugars,

agricultural chemicals, 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, corn syrups, corn
sugars, agricultural chemicals, or numerous other fluid products.
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wherein the nmultiphase fluid flowis indicated by the neasured density
val ue being 10 equal to the upper threshold density value. 15. The nethod

of cl ai myldexegei N the step of detecting the begi nning opct/igubdil phase
fluid flow conprises: neasuring the density value of the fluid product as

the fluid product is 15 delivered fromthe fluid source to the destlnatlon
and corrparl ng theePyren g &ﬁM\@mpnammppenfégur%&repﬂwe%%S@@% fgm

val ue, ﬁbwg{éigr ﬂ}d 5;\00#?16}%5%8%‘# 8 tliné BW Igﬂ% l‘i%hsg t@%ﬁrﬂ@ 2?‘5 gogft’ﬁz'rgg

densi ty va ensi
The met hathdadhut béfi m é(ﬁnm/eeamplestdimespmsenf mdemﬂmt nmmﬂdmmetmrgmﬂmom@ aiéot he

gFLBLEPa‘EnEr'eE'r% P Foich e PEHh 941 satvers ine Raic piackiok i InF g ©
estigati en@@s@&%@b' 'ngtd\}‘\ﬁré re‘l@f‘lﬂét&ﬁe i3 ttﬁMgMP&Hﬁ@rﬁb dfier] Y8 Mmatter

. threshol Ity val ue se fluird flowis indicated
by the nedsiesigh cboiet yThaIpwnnDGEZ’lgsm}ddlbe of @neamwmenatehseertolmou@esat y

value. 17. A fluid d S mfor surln stantia fluid
b oduct BRI ratecTdlan it BB 8 et Sapadl dt sRE SBWARIPE DY RSP ng
delivery glied |F1|tHé an&m%}e:ﬁ&efth%@ purp 229 AndaRe fiowinster 200 @bukIbe hhe
fluid delivery system conprising: a punp connected between the fluid source

and the desietyaf capacity ratingsi acsording tother specifiofiuidi praduck 363 ereommedatetbur ce

1 owlD er EbIREHEOR SeNsEe4 v O ibhal it ot R eEnrar R cobfibfisdheq s o

detect a rlé@éiveruuwutcmgﬁa@ v tHePAGReldrdod Andi rspbhse {d thebutpadsighalss

delivered fromth | Uid source to the destination; a recircul ati on val ve

t hgt i s deemdbe WWQW@%?&%W@%@@W fgichrroduct 303 toae Buid pautgesii ke,
First Cai Decfestingfin 3Pe, YN bEUCORSHRY Falyp 32815 BorhsRoN HacRigESire) 1 2

t hat ternyaneg esnfijurédio Q@étvermhpmrsigrfa“h@lfrﬁﬁﬁhe flohigter 20Caidopen osclossin
flowmeter for controlling t punp i n response to detecting the beqbnnlng

of tH& mresppRse o memumpwnsaﬂmql@tccawyéntm bagklovoot thediuishp@duct 203 nbhet he
fluid proﬂm&tde |v&'§‘s:)(§€en§ggbce to the destination. 18. The systemof claim

17 further conpri ack-pressure val ve connected between the Coriolis
mass fl owret erTIamﬂuntﬂseumwhalhe punmﬂﬁhtﬁné ﬂgumeﬁenzmotrmrem:rrcullahen valveer

th trol f the Co [ 15 t t h
oot o1's Pea dhe baskrprassureyalys 80 :and e dssbnatin A8 comnede ASuERSlade ¢ o
det ecti ngy{ pRs MMMtBEaF&&nQ"WHbQ §§|ﬁe(‘] Irtthe anWapb%diété%tftﬁ@plpmg

back- pressure e to close; Coriolis mass flowreter prevents the
meas B0eneistsetdcted ac:tctrdmlgaeeh@ﬂmd pobaict Bﬁwbbmgﬁwommﬂ@ptedeamdjﬁwmﬁﬂw ling

T e RS ol v hS Bl TR Pl PR Y ©f
nul ti phasgplit Bf thd paMip 231 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 valve 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 simultaneous 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 control the pump 221. The Coriolis
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delivery systems, such as LPG delivery system 500, are designed to deliver

petroleum products that are gaseous at normal atmospheric temperatures but that
are readily liquefiable by the application of moderate pressures. Some examples of
these products include without limitation, Butane, Propane, and Anhydrous

15  Ammonia. Those skilled in the art will appreciate that the LPG delivery system 500
could be a stand-alone system or could be mounted to a mobile unit such as a
vehicle.

' The LPG delivery system 500 comprises a source 501 of LPG 511, a pump 221,

a Coriolis mass 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 toturnon
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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delivery system 500.

The source 501, the pump 221, the flowmeter 200, the back-pressure valve 220
and the destination 504 are connected as illustrated by FIG. 5 by conventional piping

10  configured to accommodate the LPG 511. Specifically, the input of the pump 221 is
connected to the source 501 by piping 502 and the output of the pump 221 is
connected to the input of the flowmeter 200 by piping 503. The output of the flowmeter
200 is connected to the back-pressure valve 220 by piping 512. The back-pressure
valve 220 is connected to the destination 504 by piping 513.

15 The flowmeter 200 is electrically connected to the pump 221 by the path 218 to
provide the output signals that control the pump 221. The flowmeter 200 is also
electrically connected to the back-pressure valve 220 by the path 219 to provide the
output signals that control the back-pressure valve 220.

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 pressure in the
source 501 approaches atmbspheric pressure, the LPG 511 returns to a gaseous
state. When the source 501 is re-pressurized during the refilling process, the LPG 511
returns to a liquid state. Advantageously, the LPG system 500 detects the multiphase

25 flow as 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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221. The output S|gnal to the pump 221 causes the pump 221 to shut down and stop
10 the delivery of the LPG 511 through the system 500. Substantially simultaneously at
step 606, the flowmeter 200 provides an output signal to the back-pressu}e valve 220.
The output signal to the back-pressure valve 220, closes the back-pressure valve 220
to prevent back-flow of LPG 511 through the system 500 and the process ends at step
607.
15 If at step 604 a multiphase LPG flow is not detected, processing continues at
step 605. Ifthe desired amount of LPG 511 is delivered to the destination 504 at step
605, processing continues at step 606 to shut down the pump 221 and close the back-
pressure valve 220 as described above. If at step 605, the desired amount of LPG
511 is not delivered, processing continues at step 602 and the delivery of LPG 511 is
20  continued.

Those skilled in the art will understand that the preferred embodiments
described above could be subjected to apparent modifications without departing from
the true scope and spirit of the invention. The inventor, accordingly, hereby states his
intention to rely upon the Doctrine of Equivalents, in order to protect his full rights in the

25 invention.
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delivering the fluid product from the fluid source to the destination;

a Coriolis mass flowmeter (200) connected between the pump and the
destination and configured to detect a beginning of the multiphase fluid flow as the

10  fluid product is delivered from the fluid source to the destination;

characterized in that said system further comprises;

a back-pressure valve (220) connected between the Coriolis mass flowmeter
and the destination and configured to open or close under the control of the Coriolis
mass flow meter;

15 means (403) within the Coriolis mass flowmeter for controlling the pump in
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; and

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

20 cause the back-pressure valve to close, wherein the Coriolis mass flowmeter uses
the pump controlling means and the back-pressure valve controlling means to
prevent the measurement of the multiphase fluid flow by stopping delivery of the
fluid product in response to detecting the beginning of the multiphase fluid flow.

25 2. The system of claim 1 further comprising:
a recirculation valve (222) that is connected to the Coriolis mass flowmeter,
the fluid source, and the destination, and is configured to direct the fluid product in
a first direction that terminates at the fluid source and a second direction that
terminates at the destination.
30
3. The system of claim 2 further comprising:

a means (407) within the Coriolis mass flowmeter for controlling the
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5 fluid flow by causing the recirculation valve to direct the fluid product in the first
direction back to the fluid source.

4. The system of claim 3 wherein the back-pressure valve is configured to provide
back pressure in the fluid delivery system.
10
5. The system of claim 4 wherein the Coriolis mass flowmeter further comprises:
meter electronics (202) electrically connected to the recirculation valve (222)
and configured to provide a first output signal to the recirculation valve in response
to detecting the beginning of the multiphase fluid flow that causes the recirculation
15  valve to direct the fluid product in the first direction back to the fluid source.

6. The system of claim 5 wherein the meter electronics (202) are electrically
connected to the pump (221) and configured to provide a second output signal to
the pump in response to detecting the beginning of the multiphase fluid flow that

20 causes the pump to stop delivery of the fluid product from the fluid source to the
destination.

7. The system of claim 6 wherein the meter electronics (202) are electrically

connected to the back-pressure valve (220) and configured to provide a third output
25 signal to the back pressure valve in response to detecting the beginning of the

multiphase fluid flow that causes the back pressure vaive to provide the back-

pressure in the fluid delivery system.

8. The system of claim 7 wherein the meter electronics (202) are configured to

30 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.
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the upper threshold density value provide the at least one of the f rst the second,

10  and the third output signals.

11. The system of claim 9 wherein the meter electronics (202) are configured to

measure the density value of the fluid product and if the density value is equal to

the lower threshold density value provide the at least one of the first, the second,
15  and the third output signals.

12. A method for measuring a fluid product flow during delivery of a fiuid product
from a fluid source to a destination, the method comprising the steps of:
delivering a fluid product from the fluid source to the destination;
20 detecting a beginning of a multiphase fluid flow as the fluid product is
delivered from the fluid source to the destination;,
said method further includes the steps of:
providing a first output signal to a pump to stop delivery of the fluid product in
response to detecting the beginning of the multiphase fluid flow; and
25 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.

13. The method of claim 12 wherein the step of detecting the beginning of the
multiphase fluid flow comprises:
30 measuring a density value of the fluid product as the fluid product is
delivered from the fluid source to the destination; and
comparing the measured density value to an upper threshold density value,
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measuring the density value of the fluid product as the fluid product is
delivered from the fluid source to the destination; and
comparing the measured density value to an upper threshold density value,
wherein the multiphase fluid flow is indicated by the measured density value being
10  equal to the upper threshold density value.

15. The method of claim 14 wherein the step of detecting the beginning of the
multiphase fluid flow comprises:
measuring the density value of the fluid product as the fluid product is
15  delivered from the fluid source to the destination; and
comparing the measured density value to a lower threshold density value,
wherein the multiphase fluid flow is indicated by the measured density value being
lower than the lower threshold density value.

20 16. The method of claim 15 wherein the step of detecting the beginning 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
comparing the measured density value to the lower threshold density value,
25  wherein the multiphase fluid flow is indicated by the measured density value being
equal to the lower threshold density value.

17. A fluid delivery system for measuring a substantially pure fluid product flow and
preventing measurement of a multiphase fluid flow during delivery of a fluid product
30 from a fluid 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;
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first direction that terminates at the fluid source and a second direction that
terminates at the destination; and
means within the Coriolis mass flowmeter for controlling the pump in
response to detecting the beginning of the multiphase fluid flow to cause the pump
10 to stop delivery of the fluid product from the source to the destination.

18.  The system of claim 17 further comprising:
a back-pressure valve connected between the Coriolis mass flowmeter and
the destination and configured to open or close under the control of the Coriolis
15  mass flow meter; and
means within the Coriolis mass flowmeter for closing the back-pressure
valve in response to detecting the beginning of the multiphase fluid flow;
to cause the back-pressure valve to close;
said Coriolis mass flowmeter prevents the measurement of a multiphase
20 fluid flow by operating the punp controlling means and the back-pressure valve
controlling means to stop the delivery of the fluid product in response to the
detecting of the beginning of the multiphase fluid flow.
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