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FLOW MEASUREMENT AND CONTROL W TH BUBBLE DETECTI ON
BACKGROUND OF THE I NVENTION 1. Field of Invention The

wonresantosenventi on rel ates to systens and net heds/usSern6/031579
measuring and controlling liquid flow, and nore
specifically to systens and net hods for neasuring and
controlling liquid flow in environnents where bubbl es

- may be present in the liquid flow 2. Discussion of

AEASERENMENT ATYID ICONER @ k.i W1TH BUBRI:

flowrate of a liquid flowng in a conduit, pipe, or
tube. These inc'ﬂﬂfﬁﬁ?ﬁ5@%ﬁ)dﬂ meveKgIogoeri ol is
force flow neters, differential pressure flow neters,

-and ultrasonic flow nmeters. Generally, liquid flow

1. et &jeld efdpeatiohe or nore paraneters of the flow that

can_be calibrated to correspond tq the rate (e. , .
o ahEpEsnt By S0 a5 Rt Ly SRS o FireSiehEatt sopppting
lighRl fIvg afidinoREpetsRAlIgd ietema sndiaaBbdédoreistiriieSn® tontrolling liquid

liguid flow through a systemof interest_ (i.e., used
%%ﬂ?lf%@ﬁ%ﬂ@ﬂeﬁeblea@aﬁéﬁ%@ﬁ%frmﬂrezwmﬂq% a

cl osed- | oop feedback systemthat controls liquid flow
2.1 n DheusimtEMehiediztt erest (i.e., as a flow neter in a
flow rate controller). SUMVARY OF | NVENTI ON When a
bubRl e enter.s a sepnsor conduit of any it of. flow o
net aF e s nind sRSOBB el indref B TAREPSing u Sopguie pive
or flbeWThesa snstuelasieimaielowoetelis Sdorib ixefdrce Thivanaeas, diffsedtial prossure

spurj ous asur.epents. Wiere the, flow neter is
nGErEe: g EsoTe et draemly Tt Bedt srip gns praupre
paf@idtarObflthy flow thlat é‘alng)‘é@ﬁliHrﬂ&Dto&ﬁﬁ&@BﬁdEYhdlﬁﬁgé.g.t {\Zl)qltllhﬁ_ric o mass)
purious, sjgnal, and atte to conpensate for. what. it
Of%ﬂf"é’if B?jﬂgldag“%l“ @‘Pl“ci Higters %Bﬁﬂﬁ used I"'ng% 25 PSiYe MPERLers pidfiguygt flow
thrbiigtsa §80ml Taklered (1.813Usadad d flotv inbred) N a6 8 Bdns6H diedtbnt InQW¥losed-loop
which interferes wt Qurpose of the contraqgller to

h the

feqsibagy sodter that sontrolsiliayig faw in theygem of Mg Mefi- 352 flgw apeter in a flow
rafelo¥iiopiah! y user-set) setpoint. A though the presence

of bubbles can affect any type of flow neter or

controller (and to varying degrees), it is especially

probl ematic for ultgasmMihRviOPAVEONOREL ers,

particularly where Such ultrasonic fTow neters are )

us edVhes ajpubldle prtens o sersak qoafuit efiagy fype oflow eter.dle sigrabepon which

_ thcaffovg meteP BRI Ry gas%%eﬁn{%ﬁ& beocfiTtJn‘E?é )Thimﬂlrésgﬁ gﬁwﬁ)urious

ave recognlzed t hat convent’l ona trasoni c
measyrementa NWhére dw fsnmetot is eperatingek thelsensabélemeng of acldseddeap flow

B 5P A Sy Wy e i BRGRgs
fopwhes @naterpaets dstacchibngsbih eheiflowtrhte of thn $iquid c Fhid wart lead to instability in the
coetgﬁferﬁi)abvls%/g' ?nré ergeir%\?v}e/ifhst‘h? BL\%S«?S? 85\%? g?%ioﬁgﬁ to %roxi//ié%ra stable flow at a
rate corresponding to a (typically user-set) setpoint.

Although the presence of bubbles can affect any type of flow meter or controller (and to
varying degrees); it is especially problematic for ultrasonic-fype flow meters, particularly where
such ultrasonic flow meters are used to measure or control relatively low flow rates (e.g.,
between 5 to 50ml/min, or less). Applicants have recognized that conventional ultrasonic flow

meters and flow controllers lack the ability to detect and respond to the presence of a bubble in a
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Appl i cants have devel oped systens and net hods for

achi eving stable operation of liquid flow controls
woevert/oekosm a bubbl e passes through the sensor SysUSR06/031579

The systens and nmet hods devel oped by applicants can

mnimze the effect of the bubble on liquid flow

measurenents or on controllegdiquid flowrates. In

exenpl ary enbodi nents, a |liquid flow sensor system of

serfsBi€coRA@ESAto FeafiTh Ia@ﬁb@%ms@tefth@weﬁhw&hd BiBbIead th Sensor
of the flowrate of the liquid flowng .in a sensor

cowﬁﬂpfclallyw@egeygqy% e (i measuiersad/py copfral syptarelagigely low flow rates.

det r I d

e A A i S, BRI g o
flowirenisenewn vdioma bukble pasees direush thgsensonsistene r Picrggemsand naethods
oA 3 Rl SPGB G LA Bl o
onemﬂuﬂk@hmnéﬂawraﬁiIOMIcontrol system t hat incorporates

the fl | -

LR e Tal LIGAPRSH 9B 8O BRI AR sees
ﬂouomﬁnbhdmysteﬁmnﬂywnaspﬁmdhmmdﬂbwndﬁne@tﬁwnmomna'styﬂmn
ang RN Copima e RS Ul Rl hanees i he
sighginwhidther alboblilispresent in the sersyisdoadnityBlyhaw the dystem determines that a

tabilities in flowrate.c d b e cl osed
bl Bt o B A PR ek o BE bR LR Bilple. T
ex&hlagetbe e oDy fléw eortfob SRRELthafindoRPrdusid Bow kéhsor as a
accordance with an as ect HLgbgﬁagresent

focq Ak SELTES R E s pFRF oA TP bis dpeerignahe i el gystem

ma§ rbdpaid @ thd RWERISRAbubBle BY @ipdaslily f&ink |tl£b\'ﬂd§v fzdn@’M parameters
sensor |nclud|ng§a sensor conduit and the [

unfik{be brehbieches expted gt spaspr eamdpity bl teis Wb e HR %Ymdmséablhﬂes in
ﬂoWﬁ%{équsE@ ?’{hb %%&d%&ﬁ ﬂ@c; c&ﬁi%@ Atahivg fARSk BSlirRduf NeWsensor
cative of | ow rate of the liquid
Slgnﬂlémlﬁgi byrthe h@seélé%%fdhe '?}!h‘?k?w t: determning, based upon
at lig @&%rcfagc% vﬁﬁ{ rﬁ@ﬁeﬁf ofhe fn@&n{ nQMHtiSh Q‘?ﬁéthod’@?%e‘ﬁﬁfrmgta flow
Ieast one bubble is disposed in the
ratg ehizsliquid Bending in a bguid/fleiy ﬁglsoﬁ ipprowided m@élqmgl flpw sensor including a
ser\%lg{ (2(}51%1 d tﬂ&l@?@&clﬂﬁ’ ag H?%ﬁlt}}( ?f ﬁbﬁl@@ﬁ)ﬁged tﬂexjéfﬁe ’ﬂhb gféfhgd

e sensor con wrate SI g
compudses atts videpdatetilysedsinga flowt signal indfvativel o @hecﬂofw tm afgha liguid

he .l .
ﬂo%vmer%m ::f]l%uﬁelgso; !:o%‘ﬁ(u% %@é%l&ﬁ%?l%a%cﬁ%%ﬁ aflelP 8’1{6 a?a(h?e@érlﬁ the flow

ng, I n response t
mgdait whcthenat eadn omd'ialbblehsedlsﬂoset(ﬁaﬂte lgpil withidthe sclsomosélu’s ed

d W & t he ui t
presitin el b BBl T AZ BB b Bses FRBLaRFR e
seipen&dduit, |a(ﬂNWS‘a1g @@hal&ﬁtﬁc@ﬂe af the flow Irzgmaﬁ thé hgliie ﬁbwmg imothe diquid
resen f the a t on bubb 3
o ERCE PRAFPIRP ST PR A0Y P SR v dt 1o »
defetRinhiRg tha tHeI”a@ lehdt @hé Bubbleavdisgisedin thalsfel widlgin tiet8sor conduit, at

t han th recently sensed fl ow signa
least one of: a6) a ow rate s?gnal based upon { ehe most recently sensed flow signal and an alert

signal indicative of a presence of the at least one bubble, and b) a flow rate signal indicative of
the flow rate of the liquid flowing in the liquid flow sensor based upon other than the most
recently sensed flow signal.

- In accordance with one embodiment wherein the liquid flow sensor comprises an

ultrasonic liquid flow sensor, the at least one parameter of the flow signal comprises an
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I n accordance with one enbodi rent wherein the |iquid
fl ow sensor conprises an ultrasonic liquid flow
weenwm20sthe at | east one paraneter of the fl orCEiugnmb/ 031579
conprises anultrasonic flow signal anplitude. In
accordance with this enbodi nent, the nmethod may
further conprise an-act of cajcul ating, responsive to
the act of repeatedly sensing, a weighted sum such as
ult@asE)ME‘ ﬁbﬂglgfﬂ fide Ofn RcHtBAndE with tﬂli‘ﬁnwdﬁrﬁeﬁ QR fhethdPWay further
gnal a e, wherein the act of determ ning
commﬁqm@ét wa&ekatn@ﬁ, regeansivaithe actwhesperiedlinseneing, avesightad spm,
su %%qqmﬁﬁé é’v%ré%ta Jfla%al% bf tﬂ@ QftaSon Lclfﬁy\\(l ﬁ%&i‘%hglﬁfﬂél Ml&gﬁ the act of
eviates fromthe welighted sum by nor
detpemining indedes pw agiof determaniegowvhiethes @ nvist leceantly sénsed value of the
f, A
ulERRE R e e e A e i R o5 AP Bl G Hlncd
ampugnal conprises an ultrasonic tinme-offlight
difterence fla the one, par anet e
©he 1 PSR al P e B FBle 18R R R Shmfisgs on
ultkdsomie tfuifl floghtnsdr, hidcwhdreiea tid ﬂmw ﬁgrgthédmprisés amadieasokEio dme-of-
afurther odjment, the ac det ermi.ni.n
iy D il e AP oG R BF e oM aanagritade

of ﬂfe ultfesonit tifm@sPmlight HifRRneS fAdv kigitl. Th dct@daRe @ith b Gther

nal evi ates from nitu of .a priaor
ot e BB AR 3 Gregmin s gh the it of
th@ﬂfr@sohﬁam@oftﬁigmnwr&cy fbw @lgnélfﬂeﬁﬁl‘éﬁ’ﬁ&ﬂ RifeBm¥nitiidetof a prlor
still further enbodi nent of present invention,

ultgasgpir timgeoT ekt didterpnes Bavpsigral PY m@@r thary 4 thepsholdiyalye ﬁ%f@rdance

with DWISHARR lemBBYmBR o 8R GPrdsBnt G/ERMi3He ]giﬂ'tdd@ oﬂ@k %ﬁltab&ﬂc time-
of a bubbl e based upon the ultrasonic flow sig

of-ghght diffreraice Boy pigual apaydappeyl i eerelination vath dpﬁ@tlcwé géﬁhlée based

upBh t1R VRERBIE b sfgaﬁ aﬁffaﬁt%@é toGROAM darly ld@te@cfbﬁ%‘fﬁ@rﬁrééeﬁ% bPa bubble
Panot her aspect of the present Invehtion, a net

lndEﬁPIFSQI‘Fqndgltt he fl ow rate of a liquidt hr ough a f I ow :
C ° n Wé&?{dgﬁ& with 8R! a%gec’é 8 tgee @Q&%ﬁ@b«%@%% Oﬁﬁﬁu)’deof%&’ﬂro"l‘hng the

Ow sensor 1S rovi OW sensor
ﬂqm@telﬁi ediquiddlnugiva Gomehniduit thatlis toupldditgaicontioahledaye and a liquid

ﬂoQJ &B@r id O\QB Plhﬁﬁ’ldfﬂgiv"&gl‘lfjso; fﬁ@l(ﬁés% set?s%?fc}nlaﬁt Eﬂ%ittn\? ﬁiquld

mpri s s act y Sensin
1nqhm¢s e aturaligy (ntfbu_bhbs folrmwl therem, afd thdmeﬂhodqcnnmbrfsbsmmmg rapnatedly

7 sens?n% asﬁ %%?a(f Qn%gcfui uéahof‘%l%e wn}ape o e 11 dei?% tﬁlcf sensotr condult

er o oW si' g
detmbinirg, besed]lumm(as lealst one pdna&ndtctroptﬂ ttré ﬂm dngnal Wheth&em &ast one bubble
[ det erm nat i

. ¢condujt;:. provid nre n
s FRRPe i BRI B e PSR T R eReat A e imation
th& @b mmtilcleiagﬁbpbied lnctha gth (\jvﬁlﬁrnal‘ieieﬁﬁ(ﬁ chr@duit dd@trol parameters fofj the
(30 e val ve, based u cent sense
cofr b BivaREEcl Ao gt e e e ienat GV e Rriparse toa
defehainafidhethatthd £ a6kt 0a8 Butiidie dRpdsed B th®RGEEwithin tiSschdoflsinduit,
w thin the sensor conduit, control Par ameters for the

copixe] ppegmetzsy far the controfjable velygbased ora pthenhan the @ogiyegently Sensed
floweG I laMd S&®ARMg the controllable valve according to the control parameters.

In accordance with one embodiment, the method further includes an act of calculating,
responsive to the act of repeatedly sensing, a weighted sum, such as a running average, of a
value of the at least one parameter of the flow signal, wherein the act of determining includes

an act of determining whether a most recently sensed value of the at least one parameter of the
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flow signal; and controlling the controll able valve

according to the control paraneters. In accordance
woi2od7/002052 enbodi nent, the met hod further incluges/uamo06/031579

act of calculating, responsive to the act of

repeatedly sensing, a weighted sum such as a running

average, of a value of the atqleast one paraneter of

the flow signal, wherein the act of determ ning

n1obW\edrd (RS 188 1dfL m@ @ve%ﬁie@ Edth BY R@reMigt I\ ®ermin¥ S ofufiC &Yckdrdance

sensed val ue of the at |east one paraneter of theiilow

- withj agpthpr exebeilimeat thera@h@f@r%@d%wérowmlwrﬁbﬂsed vneathgr than the

mé!%@ééﬁke c@ﬂﬁgﬁ nal ifd lﬂlgscﬁ{)ﬁ@ﬁ% %e%éspre g %wded control

ct o provi di g contro raneters

patasteds mpwhwbtth@s pretinsly Hetenminad thas se hubbje wasndispgsdd inthe liquid

I I provi di ng the nost recently provi ded
Wl&%ggﬁnsﬁgpgﬂle%?ers for which it was previously

det &ravcordahet math yeta favthil embmdlmenb, thposgudifurtitch eomprqeﬂ agts of
Lt hin e _se dui.t . [
wepliegyslsde S BT Rine SRR i icoiele 6 S AP RARG iR e iy goe
bublble wadispbsed imthp fligalid tveithin the sbnpe rcomidutodetdrmmng, afierelspoedeermined

pea?cggfgdet eﬁl%}lfrﬁéé ()tq%?gtihq?lte \R}(‘{Lﬁ? 5 siillllLI lS%OéﬁCElB?hC %&Lﬂthm the sensor
coﬁ’cﬁﬁt@bmmmpw theadt 1@kt dnb Qa@maéledf@l[dﬂdvedgm ran @ elxedfitirdg] hﬁ&esponse to

her t at | east ubb il dls se
a qﬂf?@nmﬁmt tmq%ﬂﬁs%%egﬁga%‘a F“lLfgfﬂﬁ’a‘? nﬂ}fégqgui fythefghsor
cofduit] £8sroREELORA HRITBARE todbmbitand 4tQ¥sSngBabble #68 the liquid within-
execut i ng, in response to a determ nation that the at

the seasor oot p e gmbadizent, he goniiolied fproerpreqsdurp fglydgs opening and

shﬂ%ﬁ@ﬂh@cédﬁ%lﬁlﬁ@%l&e conduit, a controlled force
procedure to renove the at | east one bubbl e fromthe

| i qtn apcoudense ivithiacfugless gepect b Hguprasent [yentins. & st fopmeasuring a
ﬂowt}%teco@mlaah e dideqh a%wcgﬁﬁﬂ% sroma&l féﬁj@ﬁq&l@ QM Ry ﬁmde a

% controll able valve. I n accordance wth
phirelity pEpubblep éumedthercire Theasdanm camvisat 4 inid Bow jepserhat mcludes a -

: seﬁg@fi{g}u Iﬁétu{‘lﬁléﬁl fclog‘éfy d({ %ttge fdw @?dd{ug&ﬂ tl{1 bgf@d@@cﬁcﬂl c%\ga‘?\ghe liquid

at nmay

~ flop! sgnsak istopniadurdsisolséres a lowrrasd Of the Higuih ﬂowtme i ghstsem)r conduit and -

proqz%ggfirﬂ(%? ? g@al d1d?clz{{1\qe (gfl’d? o%&eﬁ?%orf tl#eh%d %%%@%h@s&ﬁ&? EMduit.
Thb bbiHeddetion tnodmie mnwpled to‘ﬂmllqumﬂn»vd sehk@vo seeisotheiflow signal and
de%?{ﬂlglﬁe ase qxg%x? at &8t c?neff)a}cam Wy ofathe 88 1gp?ei wfle%er glt leLSQMe%bble is

or condu
dlsplmddlaﬁlb Viquid fwithivethé Isdnmrrcam@utoﬂ‘ h¢ bebble dq:tﬂc’(iorf mo&uleng corfigured to
ensor con The
preifo Pagorotse g CPegraen bbb fipselbetaiPin e
seifogsiatiuig AdlosebRrsiBnalEindibas e of P aow adte bRAS Ilqtﬁdil €owing in the liquid
aneLer of the f|OMIf gnal whet her at %gt one

ﬂoﬁ‘if&l&‘f"é #sed Hp Rt roeRntsEnses o giehpl #dro P“r?c‘-ﬁ‘ JdRLgsponse to a
defetiifbtidn: that i@ 40 Waktlofe GEELRETE HRPosBPRUhEliduid &RTh gl dr Eddduit, at

provide, in response to a detern1nat|on tgfﬁ%no bubbl e

leqsgor&%pwetm Fate; el bager wponthermnast reprutly sens sigal gnd ap alert
51%%&1(1%15@&'@ 85&‘ g:g@%nﬁé ?ﬂg&ﬁtléak’teon@ bulthe ahd B A RtelfigrahiBdicative of
the flow rate of the liquid flowing in the liquid flow sensor based upon other than the most
recently sensed flow signal.

In accordance with one embodiment directed to a flow controller, the system further

comprises a controllable valve in fluid communication with the flow conduit, to control the



10

15

20

25

30

fl ow sensor based upon a nost recently sensed fl ow
signal, and to provide, in response to a determ nation

woOhed7/0fs2at | east one bubbl e is di sposed in theTiusenesd31579

within the sensor conduit, at |east one of: a) a flow
rate signal based upon the nost recently sensed fl ow
signal and an alert signal indicative of a presence of
the at | east one bubble, and b) a flow rate signa
flow ekite aift the/ Buid Flotving i thellowedoaddf basddupoh Gt f)drﬁmtékg prd%hded to
the liquid flow senso ase n.ot.her than t
thp S St i 4 PP Lsrgsmpied FPRLRHT Bamwea 0 e romroliabl
vmb ket thelfl6ve Sib et flom tBe fidQAVIER Bérs6H dng provtdéethescbitr@lrparameters
nprises a contrqllable valve in flu

t%lsw&ﬁp‘&%fq B et drcerdance Yotk oug frabpdimenth %Blfhb}ecﬂeteotwn module is
it MAd RN ih BHe %o&f‘ollhh Qhblelh Qan' t%é@é}miﬂatlémmf rlo‘Bi‘(bSl@ rkdd—iéﬂosed in

based upon contr ol arane ers provided to
the Hawid gy aﬁh%seo%ﬂrv@l uitrhie sordioHermspvidas the@@awléaramterm the

cdnkriHiut: \frallv%"ﬂa&%%&{ the 'Prﬁi)s{ 1@@6 rr? Qéngéd ﬂl(ﬁb&@rla‘f %ﬂ Sherefd, upon a

receive the flow sig the 1iquid fl ow sensor
deéwmlrptlgwthdteth@ ﬁéeaétfme rb@bblp ssrcmwefteé rllsth? bqwlﬂ avithiribe snbarlgbrduit,
thg g!tn}é%um‘ Oﬂgoﬁ&oéé%edc%ﬂﬁ& p‘é‘}a}rghegégtt% & ggélﬁgﬁgvglr\{% :Bg ep gp&l Sther than
ﬂWmebmﬂmﬂugmmdﬂwwdgwbrn1natlon that no bubble is
di s Hﬁ%‘ﬁ ?h&ﬁhtﬂv@ @miaéd%%rﬂ & 83 SRS, c%ﬁ&ﬁfé& v&%ge‘i'ﬂh% oubtiE
contro € Control paramne
datertivn mlothelb blewldad the flbwsate sigpad hadeth epcmihd: moﬂcmehﬂlyyseammd/ signal

LB UL SRS Byt SOV oo

daMrtrﬁnal‘ioﬁ thet themdest aebdbblé is dispesed (imihg :Dhllué W&in}hfrmti)de shasortcb®iuit,
L. to nt e val ve a

thg SO LB PIESS B oLty SEu i EeoruiiRealtn, PR G flow

cdnduigfo aintrehﬁélﬂbw eat€ etxhel o Flowiigh it eHedTbw dnauif b£3¥d upon control

contr ol re n bbl e det ec |
PYSIBIFS 8’§’V{dﬁ‘ét°ft wnrra{l%?es'f% aftdpcontel [?bd"ﬁ“li? ngtoﬁ%%‘?ubble detection
mb@LE NS te¥eiGeins Q6w IrdtOVigHdl dRPdhe aRA sichfl agdl Brolvids @ tdhtrol parameters

i ndicatjve of the presence of the at |east one bubbl e
tojthe Gopplableeal¥s: t he determination that the at |east one

InQUaRhS eingocﬁfn&ﬂqﬁ@@bpbﬁse ke hieftWigHalMhk BorirolI S REAIN control
condui t, gsten1 urther conprises a controllable

Paypeis pWVﬂP@ﬂOd eenmraabieralverat aprior viale. 1n vsharashe ginbodiment, in
re&QﬂEer Blthel it di dérfal’\’t}fe%ﬁtr(ﬁfer fsRenfidurdaddo Waf ‘ff)rrégpréd'étetnhﬁlecﬁ hé}i’é‘d of

conduit based upon control paraneters provided
tige rangd émqwe@rmmaw thafilep af leasirome bubbdy is siglbdipaser! mdhet lnmud within

thE YR o GHEGH iR SRAHA Id, MpIGAL
D IR R it OSBRI Bl i BDERLR oo
fowrpacmétlw & rewovebe atdenst arle|babble from| theeliquichwighih @retshmor conduit.

enbodi nent, in response to the alert signal, the

controller freezes the control paraneters provided to

the control | abl eBREERRESCRIZTHON QF DRAUENGSN yet

?E gt]%xgn Pﬁgoeirrgbroqsr%enas oort]‘ fs¥ssrt;e§n?s2 aaﬁ?*lgeﬂ‘tng, %cggrgﬁlgzr %hesl’alre%glﬁ Iiﬂvention will
bepundeiatoed with ederper itothe @fcompanying drawings, which are not intended to be

drawn to scale. In the drawings, each identical or nearly identical component that is illustrated
in various figures is represented by a like designator. For purposes of clarity, not every

component may be labeled in every drawing. In the drawings:



10

15

20

25

30

time, and upon a determi nation that the at |east one

bubble is still disposed in the liquid within the
weenwm2onduit and the predeterm ned peri od oPCTiUSE006/031579

has el apsed, inplenent a controlled force procedure to

renove the at |east one bubble fromthe liquid wthin

t he sensor conduit. BRI EF DESCRI PTI ON OF DRAW NGS

Exenpl ary enbodi nents of systems and net hods according

Lo ehifrd RSSBhentaRY Fe?l;és&fﬂati%lok aPEkeHBALS SHhRRmAM bk 11qu1d flow

reference to the acConpanyi ng draw ngs, which are not
méasremeigdnd/or dwatrddrsastemt o scal e. In the drawings, each

i-de r

n ggu? %ﬂo@sﬁ(ﬂgaérﬂm 1191@?& g%lé Se éﬁgﬁf&gg@é%&euﬁ%g é)lfgmethod of
deteictiey ahe sespoiadting to tlﬁq:reqonnemﬁ 8 bebbdd ingheagensoy conduit Oéw Bquid flow

beled in every drawing. In the
m??ls‘ggﬁnﬁrgsan‘yor%)lngellsy&s a schematic representation of an
exefiguas ¥ 1seufhmdahm§m1 ilofstratinigiag ekanflarg wmbedisontefe ntethod of
nd/ or contr S re.2 i.s a flo ra
e asine Gepina S os p bt i ofosgr ol BB now
mé&@&r@ﬁ‘a&ﬁt%ﬁd/@ﬂ@nﬁ&ﬁ@g&ﬂ; ng to the presence of a bubble
n the sensor conduit of a |I%UId flow sur

and P Y Lgesn st gran dmntary FPOARS Sﬁg}#hod of

detéchﬁ)gsﬂlé febdide 81 EHERI AE YerRbhREiETa 1RhidaFowedyRest; of
etectln and resp ondlngtothe exit of a bubhle from
Sis .

t he Fimirdis adbmedipgram fllugirating ap gxqoriayy smieds f methed of

de?e@ﬁﬁg @k pRYSE0T a llj:dbGIérn?thé sér%oﬁcoﬁbtﬁﬁ’\bf‘i'l AldFOw system
i1Tustrating an _exenpl ary enbodi ment of a nethod of

det dégurng istetovpiiagren ddustting apgrmmriary smppdimerd;pf gmethod of

e E’]pl,%fsen%e bt Sblibdlefih AW sSst c%mlulﬂ: d)fgtl-lfqﬁldﬁlo‘wﬁsy@tefcnL ow
i agt a [ustrating an exenplary enbodi ment

met Aol A ditsedes anignehia aputsoniescator somsiyBIbperq ehbthl@ enters the
Se?ﬁ%%&{ ﬁondwt of aliquid flow system Figure 6 is a
agr amillustrating an exenplary enbodi ment of a
met FighroTB dbtseaes arignahie ap ubsemieseasor aorsiulbs @bibble maches the

enﬁ?ﬁc%%?th%%@r%} &m&gn a liquid flow system Figure 7A
I'r'Tus

rates a sighal in an ultrasonic sensor conduit
bef digra7® ulbisiraesearmemtah altmermosensoo nohgduit as Fbehbleepagdds a first
trai cEuugtrat es a signal in an ultrasonic sensor conduit
R3S yubbl e reaches the entrance of the sensor
condiigure 7IFiilgstraes/aGigral msihniitassniasensqeahduitas abhubble traverses the

ni c.sensor conduit as a bubble passes & first
m{épgr?ggt?&??d % gure 7D illustrates a signal in an

ul t IFREROTE iIheiaeya sigabidiah uRtisaniduehiok eortdoaves Bietbletghes a second

transducer;

Figure 7F illustrates a signal in an ultrasonic sensor conduit as a bubble reaches the exit
end of the conduit;

Figure 7G illustrates a signal in an ultrasonic sensor conduit after a bubble has exited the
sensor conduit; - 7

Figure 8 illustrates an ultrasonic flow sensor signal plotted against time as a bubble
traverses the sensor condﬁit of the flow sensdr;

Figure 9 illustrates a differential time-of-flight signal obtained from an ultrasonic flow

sensor, plotted against time, as a bubble traverses the sensor conduit of the flow sensor; and
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m ddl e of the conduit; Figure 7E illustrates a signal
in an ultrasonic sensor conduit as a bubble reaches a
weesod2ase ansducer; Figure 7F illustrates a si ga@luszov6/031579
an ul trasonic sensor conduit as a bubble reaches the
exit end of the conduit; Figure 7Gillustrates a
signal in an ultrasonic sensof_conduit after a bubble
has exited the sensor conduit; Figure 8 illustrates an
ul tr (s {
U AR AN 3OS AR SRR L3t O B
condwitibat may hpused i@ acddrdpnee witlethe gregént inyertioni al
time-of-flight signal obtained froman ultrasonic flow
sensor, plotted against tinme, as a bubble traverses

t he sensor conduit of the flow sensor; andFigure 10
illustrates an exenpDETﬁHéﬂbBESﬁBHﬂI@N‘an ul trasonic

acc O TRHREIOTR bHEEPR aLHeS A RRPROR IO e one exampl of s

1@&8@‘3&5&%&% Redoedihg tdhspeRtsholf GHdlpeesdnt idvRBfidR. IThe system 100 as
||UStQ§5fd a schematic bl ock-di agram of one exanp

illgstrated inclydeda conttoihle ¥afg %ﬂgew‘mlﬂgh%d Hapeat gldmteé bie

liRI@SeM04] BVEfdte %B?rea_ iBed SvediRencht Afowink 'd?sta&s@kﬁ %n refer prlmarlly
i ncludes a controllable val ve 108 t hrough wh %

torejegirat 10§ deing gicentraligblsr varisble yplve glepmat 1Q ma.‘/salqodne@éo her type of

hcﬂlﬁpdfcﬁﬁtcﬁts@éﬁ akJ¥et eyélnbp:oé:' ELhnﬂ hﬁlefvgivle %\3 ﬁ‘xgy gé %&Qﬁaﬁhﬁ’l@ an

refer pI‘InHI‘I ['ement
el@f@ﬁtllﬁ%ib'l C@mr@lleérvavdm %Y%haﬁalayéve a@u@wbﬁotvamae Pewy raig efghe liquid.

thp)%g}?flﬁ]gts%? m.! T‘l{%evaw lOk ogtrﬁ%g g?%%lfmtg)lﬂ%p Z%Sas uId?Jateri by llne 114.

a punp. The val ve exa
Thesi @nﬂrqlt@n LA bnhyybeg @ttemmled Impmmseommbwonmter mmlaqmd ﬂow meter

11%%&&%%?%1&&&?%%%&%@&&5 v‘[al% ?Ofp s§ gvn gtingti\;ew %%QHuid flow

i's- cont
metenk 10 (nhdyehe diSEGSGdspsmdmcoﬁthe cralvy 108. riﬁle.’ﬂb&h/ of’ﬂh:ehquld may be measured
bthRQ Irl{))\g Pg%é%i%&\atg@é/ 1n‘6unn? ’gﬁlﬁﬂge %inltroger 1 O,fe]ltgc\al\rl dﬁ‘g%‘é‘/ rv1a llne :
1 1]21@” mhgcclibﬁaspn&ca:ted)b}eldlesi dithstireani ofllusthgedia Figarel D& oreexample,

o R FLAF L B Akl ) AR e

lidei 194 aido frewys iheoug’lﬁ ﬂﬁ:hLﬂcﬁ\deIyr Liloe Itfi$ thbempﬁxedh?]t&dﬂlgt 1haﬂ0\n’meter 110
i t.he trol ther directl 11
B ik i e dihuit e FBE of o neificbedog dpof piiggisg figuid tine

sudinthatiB flovenetdr 11 wmﬁjﬂhﬁﬁfsutd’bnﬁi agptfr@on]of thdenfifeliitdsiiehif.

t he flom1neter ntegral to the liquid line .
104 1 8 fAyeRtpRpl quutﬁﬁa o SRS o e doyirdereicative of
th@h@tﬁd fibwWate tl ﬁgy At Io%ntfrélléy\’lm&&l'th&é&troh& 126 nfa9 b8 sdapted to use
preciated that the flow neter 110 may be inte

infypipsiontaich PYile dowirste ofBa liqyd, preyjdegdy ;S'é?sﬁkt"? BAst! lu%rfo gonitor the
IR ARCIT 1R 1idRPAA o Lol Be LAIRE108 to achieve a desired rate of flow, thereby

providing closed-loop control of the liquid flow in the system 100. For example, in one
embodiment, control of the liquid flow rate is achieved by a control system in which the liquid
flow meter 110 is a feedback element in a closed loop system. The flow meter 110 produces an
electronic signal indicative of the rate of flow of the liquid through the liquid line 104. The flow
meter signal may provide real-time feedback of liquid flow and may be input to the controller
120. A signal provided by the controller 120 is input to an actuator driving the valve 108 (as

indicated by line 114) and may be used to control the valve 108 so as to vary the rate of flow as
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such that the flow neter 110 may neasure only a

portion of the entire liquid stream In a conventiona
woizepriod205k ow control system signals fromthe PCOWS2006/031579

meter indicative of the liquid flow rate may be sent

to controller 120, and the controller 120 may be

adapted to use information, sgch as the flow rate of

t he Iqu|d provi ded by the flow neter 110 to nonitor

tr ol
rehffpet LG et PLAICRENOPIeGR ol Al Faso e
1nprt(patadietegtodh®mdellérd@@ Earekample,ahe lﬁchﬁd llna)qentd tﬁd iblwstiated portion
n one enpodi men

100 F
o RER TP ok 1 B PR bR P AR AR clement n the
sy@temt 1rool a swsgee:nemdﬁt \whd €6 likbleTlkd satiicel 161 axy a1es @eludelddnéos Bat may

ck eI ] oo stem The flow
it tgg*ﬁ&@ Fotfe BT el o7 Wit 13 0k Goel-nignd it

oﬂtﬁ%ﬁarﬁcﬁhﬁoﬂfqufd' aQ¥YlaBfe, feh@exlatu%' ipfbsduly, @Mﬁ:@nt?alﬁﬁn | deflty Cetb.| 41
104. The flow neter signal may provide real-tinge

poseiblyisn éntiad flopirgje phithe ﬂlswiaﬁae %190%% 12¢\pay be edapﬁ*«é to use such
infRRhtd AfNotted putd, 8 B! thdfi QY Hgest 1RMidtA ﬁqnﬁ@ Bhe Pd4| er

120 is input to an actuator driving the valve 108 (as

i ndile at exprplary ¢mlodiment obmBovwrggntisbsysiearpceerding it the presené
m‘V 1}512 \?(]ebgtg?]lé Qggcgl,lofrl i é)\‘l?l%%i %EL Ihay Flﬁ)zﬁqu gix? %xj e %%Bﬁggﬂo(frﬁg%ﬁ)pthe flow
mttpmmr@prﬁemwl byaline Ity The b@bbeiemtlmnmodulquamthm prass infremation

1.Q

to(’f éﬁ’élge?g Cpl%qm%sﬁgtred 8? ﬂﬁ% L S & ? g‘rﬁ) o Bxﬁgeﬁ?@é atg g%nﬁlrollgﬂﬁo may
lncller bhhctu’h:nrrﬂmv meter figmal ék&npd: e, man pupxstidvemnnee$1grah;nande an alert

V mérﬁf"?sﬁ 8?0%%%1 ﬂ?gg %d?caagee cc)jfg e‘ﬁ(’:e o%n Ese ce of otJ a bugble i t%e flow

Irnclu
meéterf U@nﬁﬂthoughtthr l:tdbblecde’ﬂectmml Ih@iule]ﬂ@ is mSSttatedlm: Eigeté lbgs a dlstmct

l 4ur11ﬁe i 1&% eg@ ﬁ?qnggt]s 2[ gy GOI lgctf)gato?ﬁrfegd m{grﬁé S cmz gle er ?ICFl or m{(]) the
commmne mm aWhera thedbabisie tiytectivh toduid nd4 pdssidvratedintd the flowimeter 110

the liqu The cont 120 ma
t R s e Rt LB M OIRe O GEEBIHE RS infogmation fo
thaehnudller! MeerhthdAnndndd i@ wifichl thelblibblel ddtebtichuhstuld iR ﬁlc&%ratddﬁnto the
Sy

X lLary enbodi ment of a flow contr ol
cogielsy 35@ h4 e #‘%%ﬂ‘f““ﬁﬁ%ﬁ@ﬂtf’(%‘ht © Sots a1 6t sherprgsnce of o
bubBI b ﬂlaﬂ-ﬁécémﬁéll@ﬁﬂéy%éﬁ)oﬁ@ BccOfdid B & debcBiBad B nSrOMtSie firtB¥r below.
the flow neter as represented by |line 118. The bubble

det d& ﬁ%‘ilfmnﬁdwsga?éan Figyretlnbp cprzodlen 130 éwé)ﬁcavplﬁdomtarvéer

infefide 108 hich bty tRStok Edatpid, A LA hlgé'llyI Ha% ws&3ntertl®. The user interface
i nformation passed to controller may i ncl ude the

128 wpay o w | usey tovomifor dhegpysipm pagto m‘éd%mpwm the gpntentler 1 28vas
mﬁ'i@it&{ bysl'nﬁ:rlék S'{h@\ﬁg{ Rhy B Lp @fatthédsgﬂﬁ{ertgc%bﬂ@g t@%b&rv ¢ pargmeters of

Bool ean gé I ndi cat’l ve Of t he resence or absenc
thgssﬁt@bt{mé)vm Hthefcpaypliget ror by the figwt metergH 0} fral/dydidplowide inputs to

thg ) ) [}%ﬂ% Gorkxdm k}% 4 «I.iésirll%f Fage éf‘?hel:ﬁc%g? %6%5 li?lﬁidzﬁow rate

di stinct e, Ino ments it
sef prdgs)pod/at ewper anddowdrdlof retw limdtse ffhd_dsmxroklm 120 tnaytot@ut to the user

r bubbl e
m@ﬁgéenlgg Iplglgoué 51(% armv%l?ﬁ {?1[ {?H%]g:‘ %é%xﬁe 5, Ci‘fﬁ)h A Ouan aﬁlmf% alarms,
antl Idetafrnanagememmnd datg IdahSIéIDmpdel’Emlﬁfrﬂﬁﬂcﬁﬁ dt shiould be ub;lirb@ated that the
coH{rol?er 1%) mgyag Sclordgled & fa%% er systemtcgmputer instead of, or as well as, being
coupled to the user interface 128. The bubble detection module 124 may also be coupled to user

interface 128, as illustrated schematically by line 130. Thus, for exampie, the user interface 128
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the controller. In enbodiments in which the bubble

detection nodule is incorporated into the controller
wo207/022052my anal yze the incom ng signal from pog/uSkae031579

neter 118 for the presence of a bubble so that the

controller may respond accordingly as described in

nore detail further below I|fn9addition, as illustrated

in Figure 1, the controller 120 may be coupled to a
majSespond teereéadtdroii2iBie bﬂiﬁbd?d‘del’mﬁorbmodlﬂ@ I24efamppsitive &rt s1gna1

base |nte face. e user lnt
indl5 36 P plesiien oL PPl ionioy BE ot AERS PLEDIRCITRIE i Hheh the
bulﬁble‘dbtégt%dnliﬁbtm_rh letlﬁ)lnbblﬁoﬁfég ﬁﬂt@tﬂeﬂow]rﬁ@er 136 of the ceratodier %’Z}O the user
i‘ne e. us e apl e ia. t user Jinterfac
intprface rpgy fS‘E?é\(é’rtb%b"g’BPg‘rFé‘t C%f\éorg %{}@m PP gB e 69ntroller
12ohe controller 120 or by the flow neter 110) and/or to

provide inputs to the controller 120 such as
exams & begpgissinted fhat the genizpdler F0 lwé)wprwnaned(‘iwﬂéom of a variety

of fpkc%lr'drﬁ’s fob Mtx{)ﬁihg th%%lv@ PO L ok eﬁdhgh% thel BRRES 1A Ry b@%ﬂ\%@rammed to

lowrate limts. he controll 20 nay out

0
- utiligepropertiend! fdegral 2@) gentiob propprons] Htegralif ‘?ﬁ%ﬂt@BﬁP@ copgel, etc.,

sugggst@r %xan@cﬁe ‘d@écnﬁéogﬁ’g&%ﬁ n coﬂﬂéc’uglfl wlith g‘tﬁenﬁ‘él%a@?ﬂov@n d

a4 manag deci st on support information.
méter/htyolled nb@ﬂ&ptpﬂ)ecwmdéﬁst Redent Nned, 235loA ovhiel is ho@inntpgprporated

b}é}gfege\c%?ﬁ? nqg eh re@n A gh%'&he? X)%ﬁrﬁﬁ@ &%@Bﬁ'&oqfer fnﬁf b r%ig%tgﬁ &)2@.5 a "model-

S, cou e user |
freEh eddpubmomtrdwmtthrm ()] drryd tlheeval24 O&aiihiametho&b echiderd feeldback

wuser . inte strate ti.cal
neyran- bz_a[_sgg coPﬁoleal @}m @Q’c 1I§rprrdlé|>penfi% i g%lg x%gﬁlar l%qgld ﬁ/o&%%r%x the
systempad dodsmot e qufent prfondmmvleégdnfb]hﬁ dynd:atce of the) sy steod uaktéeast one

nilﬂpégléq%gf tEOSI hItS’\éE e!écg*r : d iﬂ cge&afd? % ﬁ‘N‘g?’@?@ ll?Eo George Shu-Xing

Cl&ﬁ@&dllﬂﬁﬁhSreinﬁnWmthed lli}ere&ué’mbé i igeh@ety. on nodul e i s
|ncoQ¥orated |nt 0 or, the, contr

120 AP EgR P SNSRI P BEET VB R oeBnaPts Gy Seer that

is §da@tdd$c|> Fieﬁﬁféﬁﬂe}érs‘ sfatdstific s/ prophgitedtlOug thé HQuid to determine the
control |l er

is to be.a eci at d th t the
ﬂ%ﬁfﬂﬁ@%@iﬁéuﬁ%wrﬂeﬂﬁrﬁ&&ﬂ%ﬁﬁl&% uepcy.Anfliof {he time-

ofdfig ro@ammmd‘ stnal @Fﬂpégﬁtﬂng ﬂﬁodg'ﬂ@hé’lﬂiu‘i/cﬁ Iﬁﬁ%&aﬂﬁ%&am les of the
exanpl e, the controller 6H¥%& grammed to utilize
usg

m@vewrwhlewavaw &ignals mmﬂs rining theflp safsp4 e liquid are

debé’ﬂb@@ regy engnf)feeﬁ%ﬂ&h@hly(cﬁ]n@) U Qﬁfaﬂlféhﬁon@ﬁ& 10/838161 Afiled
for exanpl descrlbed in detail in connection with a

“Ultsesonia|Liqvics Blow| Gantrpkiar & ppblished & Y0050 8¢ b nwhicl irhergin
1n&ljr§)rat€@5 & Rife éé\%e Hfsrtsgeﬁare%ﬁ 45 oMt GhbddSindHRY, Sinkr t?f%es of flo meters may

orporate refererice inits entlret ano
beesxaplgyicd,, lnqlhttng:wﬁhm@hméatlmrlms farga ﬁpwcmett@s ilwema] flow meters or

gqﬁ ] ﬁgpﬁ ve, control algorithmto drive the
m%alvghﬁ%gg 'S e od i ncludes a feedback

" neiigme B &sefttw «h@gram dinctibugpdly i fustratitgain brand iomcteiewndememplary
m%tm& &lgt %f l; (})e})flox%{edlb %lﬂogv 1];1 WP%r hgw cgnecfoglx ?tem%o getect ]and

rlon
re!;;imed stythe pmenéet ofl agtaubble amaaseammdmduﬁn trhe) $ystehi mamtﬁghx(ﬁlobls 200) at
sta(@lgc 5 Igilag ?{f’r%g ta%ser p exLeJlmple 1nat1at1n|g>lﬁow cbrﬁro?' ﬁl an exemplary

embodiment, the system periodically measures the flow through the flow meter, receiving a

flow meter signal (block 202). The nature of the flow meter signal will depend upon the type of

flow meter used in the system. The received flow meter signal may be either a raw signal from
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Cheng, which is herein incorporated by reference in

its entirety. According to one enbodi nent, the fl ow
worb@r2dns® nay be an ultrasonic flow neter thaPCrAS2006/031579

adapted to use paraneters of ultrasonic waves

propagated through the liquid to determ ne the flow

rate of the liquid. Such parameters may include the

anplitude, frequency, and/or the tinmeof- flight of
thé’{lcfv!} eRRiaGafibiRa E@n:ﬂ E&%ﬂﬁﬁiiﬂ@% taniguid tﬁlo‘iwl"f@te 11'1 fiisfhtem as a

I TTustrative exanpl es of the manner in which
whole, prsvorsicombingtien of ramylgbaé pergagtersgng) ealibratgdaeasprementiy fn some
en{b%ﬁlﬁleﬁ{ fle Hc&%(ﬁ’l@; ﬁ'xe Cagpllggge Ie@&d%%%&gg Aarlrﬂnemory associated
withnthe cdxmdllerumﬂ,rthe Bow met_qr qm, dr i bubbipdetaction module 124.

pub 05

i ne h)r} @o ¢ g% thg’?;s?ee grfagégsetﬁéﬁow ?‘gkeg ﬁgh Fc? 5&%%1%{; whether the
m@ﬁhﬂﬁbamﬂh&t a bcubﬂﬂe is frgspsn the séﬂsmwonéilecrfshmﬂxw imeter (block 208). The

pres:gg% oﬁgggl?bgen gallnﬁxgter%%'e wixtf1 gl\\ﬁ% rge?ert s?%nla l?)lt grgtclztgr:lsltﬁ? ];Tgst tﬁgt make it

. pol§§il§le\lfb anﬁlyfzé'lﬁie #@otv.mdtérgighal (2r thsevahftionwf flova greﬁemslgnal parameters over

|ona |IIustrat| overyv

tirslanAtst g PHN oD ey b hodt o sonser ShyE Er Bl etapen
chaxra@ké@srncfchmgemmmd W REtebYGlabire Hmcmadefutth@ Ibeilowes pond to

the presence of a bubble in nsor ¢ ﬂPE

Sy DA RS TGS PR Bk o] R APUIPIGH EFvT oy etr
sigra R Btk FWat a bAFL1 S PPRBER in thObdnbarcbmBrit] é@ﬂeﬁ?l&fyf $Phtem nihy

an exenplary enbodi ment, the s sten1per|od
reypond iyasgrielyof MaW?H?P@)‘H@HPC{“Wé‘e{ hepihe fav apeteragg B‘f‘%’ feflgtegtion

: sy&kﬂ‘ﬁ’re‘ﬂ%bﬁ)&e@ésqjaﬁlof 6 bR ChntéR Systeml §8h RAthik iBusthtell HEFikhOW, or are

meter sighal wll depend upon the type of flow neter
beingaed ta dnsn@ygygqrémr loprrecapwremenyeef PRIagRicrEefdhe liquid dew W&gﬂgh the

syptgrln?fél m@fﬁhm mblePR B8R (a4 H&Sl@f recdrd, rd, or log) log measurements

rate S|gna correspondlng to the IMquid
offlignid flow, thee upysdetastionsofza bihblk.dhe systemanay reovith nBew éﬁﬁe gignal that is

bag%l\rl]\ﬁé)%{é gﬂ%égi IHIT%% ?lg‘,v%trgtﬁ §1gﬁ’:ﬁ§jre9(§}h ﬂrfﬁ %%é@&éc%& Hﬁ'ﬂf §ubblé1 For

e recel ve oW neter si agn
exb@plectbo sdeah ey Stae 8¢ displagedyeavordyd, as bgeddatatud apthe HnaSt rate

mgag{llrtg orloreto détgcgfon ofgzuﬁb? {ﬁ%taﬁ& e%%% 'of ? met fﬂgd %HBBér%f flow rate

I on no e sy stem
medsakzies tak erepridr dothedetestion |ogthalbuldnw(bdabek éii:h); e hiswinayt spaarious

e si naI di cates tha b
rollfasd R M SRR b o P o BB GE e (Rt or e o
meeesidnoebodisdayed bbfeeoxdah Thandadof er i addititn ﬂDH‘Reilhg)the ftetverate
i gn n _characteri f. e |m
oinP ot AR ARG, el e 15T L Rl Lo topoie & usr
arld) @ WheE et 0Sihg @?dter@ﬂ;laﬁemﬁiberefha@b&ﬁ détbdr®) (ahd) tlgbedfee] that any flow
bubbl e's entr /or exit. fromthe s

raaeaﬁearremer@(arﬁ%udsfg e e cL e Srbas ey ewglﬁge%&lfﬁtﬂ For

eﬁafﬁ%lef 1hO WeRBgRhI ridydieal Bc%[e@n ﬂhéthh't&ﬁﬁ e fedbhdissdaed ﬂh‘élcontroller (e.g.,
Where the anal ysis of fl ow neter signal or of

asfURPRERE SIENG OF &5 &/RAt 4] Iﬂt?\ﬁl&‘?élt 122 g 13 andigyite H{eé’éertlﬁsftfaca (ie.,

si gme(ﬁ]n'nligguﬁf’é'ﬁ)%ﬁ@ﬁor%ﬂtt&ht@a%?eﬁ%ém&@[b%u't an exenpl ary

Where the flow meter and bubble detection system are incorporated into a flow control
system (i.e., Flow Control YES), then the system may respond to the detection of a bubble in the
sensor conduit by freezing the flow control parameters by which the controller 120 controls the

controilable valve 108 (block 214). In this way, instead of the flow controller tracking and
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respond in a variety of ways, dependi ng upon whet her
the flow neter and bubble detection system are

wdepl7agsdzas part of a flow control system suchcaastiwan3is79

illustrated in Figure 1, or are being used to display,
record, or |og neasurenents of paraneters of the
l'iquid flow through the system (bl ock 210). Were the
flow meter is being used to display, record, or |og

reBRAGHE & 8potiSus Towl thétey s‘i’gnfais‘é%se& bﬁﬂhe Flﬂa@éhcg 6f £6dbbRNn &e sénsor
bubbl e, the system may provid ow rate signal that

cqnguif, stablg flopysan Brmeisained lp Fl@deulalae 8 Pé‘?selﬁa Fesoring degeriol
pdirh@érs tfockDE4Ytah 86 Edh%n/e@fn 4 %?ielg Wl g Ih Bhe é?é lr}?emls fiment,

system may freeze the disp og e
thg genieeller 12P peseivassirom ltlmbubblf: éetnms odule J24 » posmwe alert signal

1nﬁ§%g{gtrthégé} s?{xce%f ) %Ql%lce an® fredks A0 céHﬁ%L@%ﬁn&érs fs‘&?i? {thé(go%trollable

T T1ow rate rmeasurenents ta
vadiest seiting)on rasponséree thailsiginal. Uibbibedentbodiments Iﬁlnpludmgmyodlments in

| t
oGP R SRBOR R 014 I ABEHEATAP, i
pardnpatersrenye be eﬁdctlvaiy)from bdlpscpzluhg@m thrrcontm:lw d2@la fiksuslosadeter
on e,.(bl ock, .

s for i Hhdo Wl P orideERY Dot il A7 A SRR s e
cantraliier dﬂhcdfmq)utts eohttod pmﬁletfﬂ;s based sipsn the oW ineddrRighalitdetdives, it will
o SO e S g it oA NPl B This fved
fleh rieRgsifine mgy BS B At 1|mesw tdeer bxgilw b(teuema& pﬂl&{to Iﬂ@tectlon of a bubble.

C or exa e, er Sl gnha may
ARSE S Bip e e et besmeighiedam (el i average) of a

nugbet M}Jrioﬁfec&lﬁecgﬂow AidteAsigRIA A 118 ERAY fiREd BSw ﬁhe@ﬁﬁéna@fhat is
in Figure 1) and/or to the use

suftﬁlﬁ%pfs%@glz% Fheé;ontrcg]iebﬁgpong_% ng hpnpq: 619 ﬂgwfl}roagmqogﬁult 104) while a

bubbletid S8sehOn @ séBasdsheent | og. Wiere the flow neter and
bubbl'e detection systemare incorporated into a flow

conthigre ipallon ipgram illusirefipedisresnenseyat ey exqntpdasy embodiment of a
ﬂowa%mmcv JREORA %&n e glﬁﬁ)ﬁaest éxﬁrﬁoﬂf th@sQFMoﬁddlﬂq HdVe

sensor conduit reezi ng ['ow contro araneters

Trggn thigiceniral n@‘a@@tﬂlts end/prthe ﬂszw n@,e@wqmns ummeietﬁgmrrcd]al babble in block

2 1\4"{‘17 :%Fre %2 8n @fé’én‘ggﬁﬁt/ : ac%g? mhf nbi)! h‘%al‘(\@é{%ftlbﬁl St 8RN mRler §1Eﬁls

tro ng” andresponding to spurio
chﬁtaewmtOéﬁle Shigrels sxit s dht soysor brmdpit @eiG€0)0 Tha syxidvbiney

peki d1FehSI E&Rﬁ&%rbafs%%‘{h‘e ’ﬂo%ﬁ‘%lér‘%gpggéébzﬁ%fq%glyg%{nhtﬁée LG (block

€ IS presen

304 nfoa fetuessshyradteriskic aﬂmubzbm it fvohie weoriconduit aksi e the cade of

B L BSOS ORI i SUERLTRR e SR 5 e 89 mec

mgnals laboliﬂetuai aratnusibgneIredordtd dlatvinigertsipaalprapadenthe tigle edolution of
dfr

t h t .
b BB T YR O e RS GHE ot BT ES o rom e
sesdof) bkﬁidmlf] hm@gﬁsled irefahetideri belowi lrmé iygﬁ:ﬁﬁn@;ﬂf‘é?fbnﬂﬁri ﬁurhliér of
the bu e n e I I nt egra
il tragn o {eévonlofg‘j b Sesfia 308hAencatiae §p91lg‘g%h68§r the how
m&éﬁ&ﬁ bbb JetdetiOz @@tebyar@a@p\myéa Bpatith %w%ﬁir&l%it&ﬁ sdoBQs that

) ? deIOMIneter Si g 3 for exanple, based upon a
”}Eﬁ‘ﬁaﬁ ity Fighte fheqreye ‘aﬁllgw? Disveli fRUATh FRBPIE, PrrOGPEHTepgas of

liquid flow through the system (block 310). In an exemplary embodiment in which the flow

meter and bubble detection system are being used to display, record, or log measurements of

liquid flow, upon detection of the bubble’s exit the system may simply resume the display, »
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controller 120 conputes control paraneters based upon
the flow neter signal it receives, it will not alter
woOher7momise ol paraneters as long as it is recei PCOES206/031579
fixed flow nmeter signal. This fixed flow neter signal
may be the last flow neter signal collected prior to
detection of a bubble. Alternizively, the fixed flow
-meter signal may be a weighted sum (such as an
re@dtdhh@?ﬂ)og@fng@f Aew bﬁﬁsumﬂneﬂf ile:éll[es (lg&;klr ey Ihlkeme ebaliments, the flow
I gnal s I L. ma any 11 xe ow et er
e P et (AR 1 o5 S eS UBRET 61 eI p g SpBrRsarement)

refcR i @R GRnhINAdL @d b Bfgﬁél@ﬁﬂl&ﬂﬁgjthbtabéb%)of‘éﬁbhblﬂe aSuch a signal may
bubbl e is present in a sensor_con ure 3is a

berrPQﬁweéubanga?ﬁampieu%@ MY e fach 42 '@9&% Hseéoatro ¥hldkenpl ary

embagg bﬂ%&hm@ﬁts f RN EBE R meddr ahd %bfé%ﬁeﬁﬁ’éd s?ﬁteﬁ)é?é iB&Brporated |
to the bubble's exit fromthe sensor condui

inforagfjasncanivel wsisty B systamnmaY esrond ieithe detegtionpof g fpbble’s  cxit from the
se?%?%&{d%ﬂ%?tresﬂﬂ fﬁiﬁ/tc%ﬁ{rblof‘e Qﬁovﬁng_aﬂlgk%ﬁrdll@r ﬁOQG Kitez b flow

xenpl ary’ system fmy now awai t
coitroletaneatersin redponse teflew metey sighals dinek 32@)e Mhistche bodchietied ina.
(
va 1lé§fb(Jf @Vaﬁ,aelﬁ oBe He C%F ﬁ‘o?l%@%{t é;%bglﬁgiltler 1?&} %‘rénéﬂv%qg%rr thyﬂﬁbble
demecetlm m@&bﬂll@ ¢1k4 aBﬁ@)al mldrstammhaymt dfftfesteibble gng) the (dgatiokof the alarm

mgnrag%ﬁnteﬁ%ed i ﬁess%cgrn(se%s: tgﬁc%l cC 25 bult‘)bl%c) Ofd ift re%b'«?r\?é % t at%{gnal resumes
dynheickfidvbémtrsl. |dn eﬂxenmﬂ)ddmnctntse(mmdmgremboahdmnts in winieh the bubble

oY 1 70P B b PO TRT LS R bR 65 e e

effdcﬁﬁlyemcﬂdién Q,nresxfmlﬁg e/ proviston Ficgmelt flpa meenee kighals from the flow
ord 1r gmdet eqé} ﬁ@anges characteristic of a bubble's

mefgr 107 i PR ee Fdor “conduit as discussed in further
ge]tc ]gm kitie koo~ vilﬂmlegms Flewmnhendt a?@slﬁ@wéaegdgtll@q dysieiaeke dployed as part
ifferent ways tq detection the bu S exit (st

of gt copgpls &Fﬁgu%ﬁh%ﬁ'ﬁ ey b A EPe 3 Pﬁéfb o

disigse Gécb@ln oSI¥S I BurhRntd P h@M@ tlom $hrp@ht thdys@mf- tﬁé!\/system may
control systemsuch as that illustrated in Figure

inglpde; del W&W%M%ﬁ%@! Qfdhebubplesiex] pag the Feé%P"éPn b fdywac flow

cdﬂﬁ@ﬁ&ﬁ%ﬁﬁﬁf)lﬁy exfre&dr&uﬁbﬂ of ineWuleletd Wodis @@m)e rsn&mé a@éy may be
10). In an exenp gﬁl@%odl ment in which

uSﬁ@ﬂ erallgfcoy dﬁtﬂpémbl@fit metsy sigeaky fleﬂ%ra@eprrfg Sw%ta l@@mar flow
caqge%xmyg No bUbBRY ssagéthto%gh HE%&&&BF&E‘B@&lﬁto%bsﬁde%fo% febiB¥ing the
upon-detectio ubbl e exit the system may
rescprdyngy’fme@umenﬁ@r bﬁfgrplr@ymllftgccb(rl@mﬁ@OWcﬂonﬂr@ggl ng of new
Slﬂﬁgqﬁgﬁ eﬁ’eﬂlpya exﬁ%dﬂﬁéﬂlt 31&?6)8 dJQtoS&%{E%tuﬁJ m?ﬂa’ ﬂﬁ%ﬁfe% xit from
t he ow neter st em nmay Bdd on to or instead
the fensersgnduig(bldck M?é,ya @nnudewm may hg staiftedrferspredateamingyl amount of time
e cal.ar [ a [
(o8 Bl sk 3R] A Mor el BN b ook A% Lot
arfythe fuspendochfip metet ineasuserents ahdorf ca)nEollIeE Baramd‘élrs Imalyhae extended until
controller 120...1n .e i.nent
oo Fepiien R oty Tt Feifved FO S’ At it g Bore
refuning aeadufemensjtilice fiowicherd yaérahe bubplerckapahosehr theluit. In an
detectio a le's exit from

f
exempﬁlry emgodlment th%%bgy 1s optimized so as not %ohbe so small that the spurious signals
or flow turbulence may not yet have subsided, but also not to be so long that the flow
parameters have an opportunity to drift away from the setpoint. In an exemplary embodiment, a

delay of about 100-150 ms is sufficient to allow any spurious signals or flow turbulence to
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sensor conduit by resumng flow control, i.e. allow ng
the controller 120 to alter the flow control
woao@merses in response to flow neter signals eormsk06/031579
320). This can be achieved in a variety of ways. In
one exenpl ary enbodi nent, the controller 120 receives
fromthe bubble detection nodyde 124 a signal
indicating the exit of the bubble (e.g., the negation
di%}ipa%eh%&l%%@ﬁﬂﬁk%s&ﬁw de@S R Rinigtioh SPRANGR: ltélﬁasgl%h%ﬁtta'ne Qontrol,

le), and’in response to that sign resunes

bug{ongeridelays may bowcesary forsome papodinpsli Rierappropiizte Helay wil depend

T o USG5 e B e,

papranctereasiley ray lipgd efstwiy.itypta) buhble sizeethe dipmetes anoriegtatibreof the
[.Si.on_Qf rrent flow neter signals fromthe flow
Se%?één%ﬁ%m?gﬂ{%ﬁsé controller 120. In either.case -
whetAragxemplary flowmeet er flamncbnirolsybtem dietyedsbibe ndapyesitte raspond to a

depl d . t of f | t h. hat .
sop i b P pier ik retnrdoieut St BN SR IRRGa by e exicof
the firstibbpleayn oneambodiment, wheg aneasmd babiseéserd thelsérgot @bnlhioskortly

through the s m- the tem may i ncl ud del g
stispfigaghol harstipbEr 1o gre () BB RBION represented o2 andlor
314 PR binPion0Sf WA dab Q¥ &R UndR)r caifdlien paBlinfddiramaPbe delayed

recordat | on of fl’” er.renqg%wg bl ocks 312, 314). Such a
fugflgra Pofaipe Beeond Bhble s ety cg Ayl coriiHRavPeeih e

f1 ovih RRd:Rdtive bRIBSdiments, didadbedetRfin@the SAB Nexil Bt ARlsensor

fl ow caused by the bubble's passage through the sensor

copghihsidesariyed ahoxe.dhe fiey Ber el Horgortdler tsrungbesonfigured to
re S8 82 WIEHA RIS, REubShdsBrefSHUSBRME, SHAARF M Emb iPNMnGO ALY Cbntrol after a
Thus, i1 n an exenplary enbodiment, in response to
preret apQuUnbpf tne enfeprergbiimbesofgrecessiar drpadryrcle® A appEaptigigipreset
o LGk 0Ly o LRSI B AR 1AGE oyt
ingliidjng sich pamametsts ds dop, rata, lguisdscesityi typigaluwhble sizafthe diameter or
orleh &P Sr the seh%r%@ﬁuﬁ}/ﬁ %ﬁ')ers. and the suspended flow
nmet er nmeasurenents and/or controller paranmeters may be
ext émoethinmtuitionsHer crowmpleddwre thsflov ercharfttegzed by dopetlow rates
| W NGy al: y i i . ]
o L G
selmob bdrduit) camsing 4 prelosgershsruption dflaccuraterflosnpasaosatgalsenrsing. For that
enbodi nent t.he de I.S.optim zed SO as t.to be.s .
ro R rE pod B B s S Bed 5P p et ot P U figping oo

- bubblk fipet thh sansorohdiiigl patictarly ialmstncetwhee ibwppsads thairthe bubbdle has

the flow pa ters have.an opportunit, o.drift a
bebiiERtEite CRTRRoroE B S PERB RS FPaE N R e Hoddtkghroueh
th@$ensdr@ufiduldd m?g|5 @hdﬁlbif)lls oﬁwf&ﬂeg:ioﬁdﬁit. R adble@iplad¥mbodiment, the

spurious signals or flow turbul ence todissipate )
megRt o GPRTRIAR LEEE PR ifcles pagaray cpdido FRblbPRPGRY gpse the valve in
orll@ad kidcREhe BRBEI HRARNAE cahagit.control , but | onger del ays

may be necessary for sone enbodi ments., The appropriate

del 49 Sqing $mbpduasits, ths santraler mas hag fountingHyneapdior Hirgag gycles upon
debotib\6F thd SesHBS &a ABBle frl QVAGH BEARN sya¥a] &poh RebifdiPthe flow

uc :
meter or the bubble detection module of an alarm signal indicating the presence of the bubble.
In addition, the controller may be programmed or provided (e.g., through the user interface or
other data source) with an expected transit time of a bubble through the sensor conduit. With

that information, the system can respond with a controlied forcing procedure where the bubble’s
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paraneters as flowrate, liquid viscosity, typica

bubbl e size, the dianeter or orientation of the sensor
woaonifos2and ot hers. An exenplary flow nmeter ®CTUSEWG6/031579

control system may al so be adapted to respond to a

second bubbl e entering the sensor conduit during the

countdown process initiated by,the exit of the first

bubble. I n one enbodi nent, mhere a second bubbl e

a?&%§ %aﬁgst rﬁlgzlhslﬁ{ﬁloﬁaar? ﬁlg gy;%ercteﬁ l&ﬁﬁs‘it éf’ﬁr aflthg est Zedetﬁnglt ﬁxfne df a bubble
canglppead apeneivapigtylsif oystan Balrzmetms (swrch asllzlqulct fﬂrezv ragss wispdsitpreonduit

. | |
bl TR 95 TS SISRI RSB At g o
e)damlphcl ﬁha:‘lleebubbles modemetbt shoovlg, as diquid cands aneve rEyunt d@hnather than

s ARt QOB R IR AR Fuet DR o D% &lenk Miacite Tiquia flow

raeD bt €deptiiing Upowiierhity ofebnblible kizé ioazmmﬁﬂﬁlaﬁﬁ&td:r? tanHESh@dto becoming

SR 1 G SR HIoE My GG By A gl be Spprecatd

th@thé érﬁknt @ﬁ HRlorRnifi @SETthePddRdon tor it {d. gTewlﬁche@ tHers88BF conduit is
er of process or thread cycles. appropriate

dlmOé@eltl adwﬁm ahened withor fansyprss ‘ﬁécforé?rﬁf gAY qrytheaf?acerﬁéy

acd8B8nsh) eRRh M@ién%&t@ﬁ&maaa@mﬁb%@n td dedcHgang re%y&{a toa
paranmeters as flow rate, liquid viscosity, typical

“%%%ﬁb@ﬁéﬂﬁ%OﬁFﬁﬁn%”ﬁﬁeter or orientation of the sensor
CoNGiibhe ex@Rflaft J}@Jo%hmén@ v@f‘efeta%rﬁle lﬁfg(af‘fﬁﬁﬁ ﬁ’l@ x ;iefc:@[i %ransrt time has

exanmpl e where ‘the flow'is characterized
paswﬂé@thawah@ysﬁmrdeteewg thqmbblem@iststhﬁ e@troaemm inerespgyse, execute a

raé erﬂng &l Hs?ﬁg oy the%&gcrch IVH@&: ben{erhﬁgf}} dlhcrgzm %lfﬂéqﬂévlz fate through the

or con UIt causi ng a prolonged “di srupti
seagne oonalvi tof fommtlpdndvhbtogt Ig ewrdhian gmbedimenthelbsed despmperagiommay be

su; I%gél ?{ool ﬁxg(glt%l% ‘rﬁ%\él ﬁrgggdpt%lahg eb%ﬁ@cy ?1%1%% ?qgtus er%snﬁoé He toits

cootmldhdl level pWhttrB cafﬂeaa;}ieyunm of mscbmmti&Sfovdmg mocxeﬁurapzmakys]s of the flow
% 1%nar]§d1? ec tﬁe bgl% 1 QL Wi hm %Jx(i)vnctog 1{111,] € chr(l)tro(h](;g%écmg

| nvo VeS npor ar i a erl ng
prbdfedum gﬂaytbh ecpsatnd oitil (a&hdmténstlcallly mgemdl flewigabl ie achidvediind/or the

BB oLp b BreRG AR TR P T B tbe o rapi i y

operUrdikela ﬂbws:enttdmr Vi@)hssﬁleifm;vgﬁgﬁﬁs h& ck}ﬁbﬁ%f&"&t&n@ Gl :bltmbleed bubble
fromthe co I n sone_enpodi nents, controlle
o0 B AR in 1 Y FierE AR GG B PR Y8 Qi mey be used fo

siglit 8Cdbh6rMa0br dlii@pt@d 5@ B6R1itRn v@e@&ﬁbﬁlelaﬁ?éal‘lﬁo hh@Wecome stuck in
ySt em or | ow neter or

contr ol paon recei pt fromthe
thg FrESs GRUE. LR SRS Bl TARMAY b 1 agafed to 2 user interfuce

arld/td kzaldb gt 1bFRd RI0RS Mk enAfurdhiGihb iR ﬂomnétadl tion,
the controller may be programred or provided

t hr dtiglesaribed 2hows, 4 bﬁ‘?‘é‘? éf‘éerts‘ﬁ inyrigsit figa aeseBwy P‘?}‘éi)lg it g detected
byPdhaBXPeEf R m‘éfeﬁﬁg&lél R&I‘aﬁgteﬁffo&hg&‘dggﬂlﬁc LRI B&mplary bubble
sensor co n uit
detection system is now described.

One example of a flow controller that is known in the art employs an ultrasonic flow
sensor to provide liquid flow rate feedback to the controller. Ultrasonic flow sensors measure
liquid flow rate through a sensor conduit by propagating one or more ultrasonic signals through
the liquid and measuring one or more effects that the flowing liquid can have on the propagating

signals. For example, ultrasonic liquid flow sensors may detect changes in frequency, phase, or



10

15

20

25

30

that information, the systemcan respond with a

controll ed forcing procedure where the bubbl e' spassage
woabk@m2mseh | onger than the expected transit tPOBUSTI06/031579

estimated transit tinme of a bubble can depend upon a

variety of system paraneters (such as liquid flow

rate, viscosity, conduit diamster, etc.) and al so upon

the size of the bubbles that tend to occur in the

tmﬁ)b?hf@ﬁhon%grﬁl@%ﬁ@a@atm% MRbhgdra vl Bguido\detefiRing a &Jaﬁs\iﬂ tﬁ{ne (time-
as liquid tends to ane around then1rather t han

ofﬁrﬂéfht%n@ﬁyrq iy watsn uph ultrpsonicsersorand cqnifoliers ingotRA aligg e are
dedcBBEl, &R e%rﬁwe 3h OO PHYeAtNDs f@oésﬂ 681 Slofd @ 4nat3e75/098, as well as

(dependln on the ratio of bubbl’e Size to conduit

publnsmﬁb@mhyat@a 38@5&2@31%7366 beconi ng stuck in the
congi }:arﬁ’ﬂﬁ {hé&@ﬂéﬁétﬁ%léﬁgﬁ ol gﬁmgntthhl B%%n@@&f a %bl%llﬂ’lgl exemplary

flow be appreciate ependent on
ulteaspran flaw isensorg iltubteatesiain egures JAJG -t Tl(eeul@asonmﬁew H@trSOIt ’H)@ includes

a Sgl%g? 9 nd&??szueln"d uit&s&#é@fﬁé&g fsn/Oé1 algd ’f(ﬁc tAn%ﬂ Llﬁ&%%@l‘fjsomo%xﬁult
orce OF ?1 e

ransve gravil or other forc
108@ foe heriatn om)ascm@rﬂcav meﬁemubﬁhm taaitf‘fm shangs sialics tighé depicted in

Fl%ﬁ? Yd argtd%%crrge n%nt cotm %ﬁp (O)Wnlée Z§ g)nngc?ngU g ﬁgoéﬁg léllz}aglld%t%ln%ntltled

“Ulresorsic Bloks Smsdr’abjg’élliomds mwmh\éampmﬁéﬂmt}f@n g ﬁted madein A$tomey

DRGSR SRS L AR e,

theOifl@dttattd eibddigleSif IF@uﬁef 7A Niguid dlokuis Groiwghl tM@conﬂinﬂ‘Emmnglfy)w
|ncrea3|ng t he f|OM/Eate .throygh the sensor

dlrpca]x)gg 9 hQ %%cme@tlglbtu trap?]mvs 18 saaﬁe &6 ﬁg?ﬂsh SP tli']le H*ansducers 702

an€ @SS PeRBiRe ORY:FHabAO thidIsh iR FowaReNAediopddtedtion By the other
executlng this procedure and reéuned thereafter,
trapggugstn THg! iguid oV st cancpeideieTeigee wom BEe RS crosfyrprglation analysis

of ﬁfetfﬁ’eﬁu&%? S%Ha%‘ o%e 8me Atk alcé 6CuIfrRbAk Bigndlé HOpLbdfies along the flow

anal ysis of the flow neter signal indicates that th

- dirgefioni7d0 pampared P ﬂWS? FFoRRaAHBE 4896V} thi g Fcction 410 (o establish a time-

of$@Hkr ol I ed forcing procedure may be repeated until a
characteristically normal flow signal is achieved
andl#n egaplentistbedtean chishsighay sueh@s thatricprgscated fpyeference
nufiBBP128 i §1gP1% ngéi{era%fa? &2 sduddp b@fﬁld%exfrﬁlﬁéﬁ t%%?&p‘age{té ffough the

a paSSI ve ter 1's not capa forci ng
lighidde krarpdbeeh fb% Ghangaesfin #s yemwle memb@ @mlyzeti P qlqt@mlrméitl@fher a

buB bb§gtap QB in e SRS cgﬂmgh% %@SE ;«]gésodvé ¥ sBREEMy in

an abnormal or |srupe ow- con |t|on

— Flm@rm aGtaudba,deelcapcbsapmaucallhwmsmwm@gtrm& k(Althoughethis discussion

o0 SO SRRSO TE b 4 AR TR i,
in srrmé mglgﬁdn@itsxhg chigptsignaER29 s gamerated af trausduckre’ 0 landpropagates
resence i n.or

wwpogi 8 BRGGT Lol et Ao ut SED e agp i Dl dgpeionsare
enfol@yediyet er signal paraneters for characteristic

changes. npl.a bl e detection now

oo g TAeFECE Rehbie P sniis 6760t PO e Tedrixed P
ampliauds id Blatifdy aeddy empltmes(paint Alid Figsies). Asfthobbble 708 approaches the
entrance to the measurement section of the sensor conduit, as shown in Figure 7B, the amplitude
of the received signal momentarily increases, as illustrated by reference number 722 in Figure
7B and at point B in Figure 8. This momentary increase in the amplitude of the received signal

does not appear to be related to a change in the gairi applied to received flow signal by the flow
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sensor to provide liquid flow rate feedback to the

controller. Utrasonic flow sensors neasure liquid
wohowmztse t hrough a sensor conduit by propagaPCngSee/ 031579

or nore ultrasonic signals through the |liquid and

measuring one or nore effects that the flowng liquid

can have on the propagating sliébgnal s. For exanpl e,

ultrasonic liquid fl ow sensors may detect .changes in

’ meftérewd&mﬁg/s, (bgdaasedt oootirs ovee a@bried dftiagovhich is iygicallg much smaller than

e RRERE hehe e g et et g el ve

attSbahbletd thasl@aioni s Fdleaiiy RN klebubble MTOPEARY @itrhig to the
t hem. are descrijbed, for, e

cogdt@t5751 2 apd relrg'orglpg 118gh;ase xgﬁla’éla rgjl!s,s%h@!gg wgg%%gﬁgteigtgavl\lﬁg g towards
thPURkli S eahSPRsinat 70an R%@Z&l@s’é/o@&% %ﬁywmeé}ﬁnﬁﬁﬁaﬂl’@ b&seﬁ/fsd change

characteristic signals In |cat|qg the presence of
in pigh PEPliHdels céa@mpsa? of the Preseaes Pt ubblg, apd Huws caq ke used to detect
thd byt rated in Figures 7A-7G The ultrasonic flow

sensor 700 includes a sensor conduit 712 and

ul t Aadlesrinbbier78 wackes th trpopluens d022@8 shopg in Figarerl, theamplitude of
thé&%l’?a?&et&%ﬁﬂa‘ﬂ 'trEns%iQ%pZ(i gﬁlé to ct@mﬂl‘% éﬁLug) §soﬂ'u a]ctéd%‘ﬁ)’reference

ave a snape,
nughbpi we{plomtrﬂ i gure 8)1 Figunel 714 el@@tratb%ﬂje rqqelyqn:bmgnal 728 when the bubble

VBRSS9 ARELEELLAD. o

fi g\iaag iilhustrate sl aKymmI@m couprnsdting éat thapresendkt afdrertepblpd ek istof value;
8- 91 Au Q
in B 3e ol o Qe A Shanks i SRR anPftg i gnagpr o e
coﬁﬂﬁfh(syhtﬂﬁ at chaflgdémgﬂme rafeAfor Wvhigh tla cbhtooisydidmn eviltditemipeto compensate, -
C ui t 7 a flow direction 710. During
‘WBQHW%XT%W4lnﬁPﬁ8§ggﬁ|C signal s are generated at each of
t he AlstiaBUREN0S rédthds andpadd trmEngiaceri704, a6 sltcﬁ)vnpﬁ BipageiRs the
t hr qugh t flowing liquid_for ction .the other
reqepia SRR riggsSpg Peinie i el iRl e T
ovEdsREBt béfofe sebaRigo a ST StabOvalR| Bild BWBrsRER I ibé afibutddert least in
frequency or phase, or_ the tlne di ff ren%g of

Do IR SORIOE OB i isp oS eI R PSR YR TR igveling from the

trafl s duB&1 709 Nand U 1 AERAWRS ¢ E@mttﬁ&ﬁ&blémp agRtdabigs %&taﬁﬁiucer 704.
the flow direction 710 to establi a tineof- flig

Theﬁeféﬂﬁteéﬁ@ﬁ?)‘l fadey a@%@dhwlftﬂe 788 EWV?Sﬁhré’P@lh%?P H%%lf?n%%t Scction of
thd Babor CERILGSS MR iR YiguRf BT BHRER ﬁHLFTElﬁé 8y @ndll@ 43 sﬁébl}r?m]??gure 7G,

Is generated at transducer 702 and permtted

as thredrhblat788 exitsdgenion eonduig i1 % thegeqeivas signal @mplmde 734 returns to its
ﬁ%ﬁ?&%%%ﬂh@g}%ﬁ(ﬁﬂﬁg%&yge may be anal yzed to deternine
u

IS present in the sensor conduit
712 Anﬁxemelau’rtanbgleslefa@t@n@mm takehedvantpetfithe dharaptetigiicdise

evél%nZn olatgg d%%?edﬁs]l%ta{]ﬁ% %Fgl‘%%sgtﬁs’zllt élxus@%ﬁ% | 3‘ %Jrésnﬁ& 8 and Figure
8, @D«Emt the preserse of the hbhb(bdﬂQSh & should h@;qmrqugadghalthe time evolution of
thé dﬁ?gcge%ansé% | %{qﬂf@lﬂie 1m%tr£te(9 i P(i% ee]s?dx 28 ’anéi f*‘ 1%r§eraﬂec%s measurements

e chirp sig I S generate
obtaimedsdthceepartididbr floet sf:rrsomgm pesticubes rangaof flow tatanaduleas the
chglgftﬁng{c]; t{éxgetr évgﬁxgm%{?ﬁﬁe éetec{1 igngﬂ agn ?lcu%e Bl Qfax%%\t/hlerq selaWith other

sensor configurations and other flow rates. Empirical measurements may be made with other

sensor configurations and at other flow rates to identify the manner in which the presence of a
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enpl oyed.) In Figure 7A, before a bubble 708 enters

the sensor conduit, the received signal anplitude is
woeb@inwsky steady with time (point A in Figurec8)us208s/031579

t he bubbl e 708 approaches the entrance to the

measur enent section of the sensor conduit, as shown in

Figure 7B, the anplitude of t recei ved signa

monmentarily increases, as illustrated by reference

buﬁ}ﬁfg‘%gr[ afze%gtpé Hetgcl.t&f"srl na?gn@{] QQGaéndpa%uPBIF 8t' Eho clﬁ:rgses rr?ay then be
a&mméumemmsm@namadeSmmqmmmmpear to be related to a

change in the .gain ied.to recei

C hat? fesk et RRR ¥ ah SRS S a bR pwddss
illp@ifated duretioral Iyen H@mIth ispravydell ciak l:qmpm I%umweeietewe@mgnal

the response tj of _t a ontr in.th

ool RiResos HeBS prmrkden Bokibe fe i et indiateite
préRndetE a BlibY1& SAdM 48 tisds€ NRktSatddah |Fﬁg@11'rds na-T@ekd Fx%@mst Eone exemplary

bubbl e 7%8 at the entrance to the condw t 7

erphorliresh @ PHRPLS Aetertian aysigm may reciys Sgnahamplitidy m&véfrpraﬁl@e flow

- métBAbIobS 402) AUEd e RELLAWRKGI S ndirkier SF fesat:émgn@f antlﬂ'lﬁudes may be stored

transducef 704. Regardl ess of the physical mechani sm
1ntaﬁ1éen5)@g§|sqpée}je(bﬁlélh@§ fhoyy nagteyntie flavnspatralige or the bubble detection module.

Tl‘r%hs%té}ﬁ bEiddRballe c&ﬁpatr&%f{?ge?géa%ﬁlpﬁ{ud@tob&‘%mlgusé}?li@gei\'}?éggéﬁd stored

be used to detect bubbl'e. As [
amlém @5 ateraativielntoduidtiple poRiouss reshigeharidrstaredamitiics (bldek 404).

Wg@f@ ltﬂe syg&n Qleedibe cl’?‘a'regz stlcdﬁltaggetaig g’]gﬁl {i}%ﬁg gﬁg‘[ as i illustrated in

egins'to aftenuate sharply rate
Figgtetieri¢eandigee 8)Adlck §o8)nit may,iimreFpagse, geByate i glames@@l (block

41%)&5”4%%&1?%&&0‘&96 recei ved signal 728 when the bubbl e

raversing the central region of the sensor
c ondufutthét kRerfiplaiyreimbbdinrentéognputes 8 weighted sem fof tha detscted flow meter

t t
siggal AR G et R B ETLL BucEP IR DR A0St 0ok Mt sienal
angflitgie devistessfyah d wdigleakbsutn; fon skantle, b ange preildiersiigidahreshold or

i t yd h trol. syst h
ot el gt aronss B ARRR s, bibls BishEohischil, SROR kRS, e P ent
111ﬁs|2ratég ﬁ’p%'@ﬁl@gig:om‘pbﬂesiiﬂrlﬂiﬁ&lggﬁé‘r&getoftmtdﬁﬁst{e&blhasdnﬁ@l‘gnapﬁnphtude

t.he u e reac S annq a e e rans cer
f‘?CﬁW%f? fhl@ i GE e Jloyy Tasteysiamal dsgiafes Eg'the

ruﬁﬁiﬂg Webﬁgé Rendatin ﬁslbcﬁhsé:ii tBve Bhibbl&@etioh bignall hﬁshsule rba bppreciated
| evel may oyershoot betfore stabili zi ng to a gt ead

thetplthouel) 3 ryming pyerags eftag dedgct Fenic signgl gpliydes “Feé‘é%fhls

erhdd Rkt ofter fohfs 5%&%&6@@1&@ R the ReBOEP flfrahictsRalilplBIdY may be
ul t r asound wavefront traveling fromthe transducer 702

usgh@s the grepent ryenticd inaetso fimdad. t s cxme. sathaghagsimply computing a
rufBRERR Mgt Mforb f&@xﬁ%@@eﬁveﬁ Qhttues'dFene 4 lﬁﬁite %@th%'f@@f%et&%%ﬂ may

away as the bub 708 noves throu t he nmeasur enent
begseardadry differenide. gehlgbfrr) weighfithan these ﬂm@wareu recefied dpserepently. The

RN IS e S Dy A TS
conelier\oe thediublria Hetegtiohimaduls, atBdughdt shonld be @pprecsated that such a
weighted sum could alternatively be determined by filtering the received flow meter signals
using, for example, a low pass filter.

In accordance with the embodiment depicted in Figure 5, the amplitude of the received

signal may be periodically sampled and stored in a buffer (block 502), sampling the flow

measurement at some predetermined time interval. Some number N of samples (e.g. 20 samples
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steady state value (point G at Figure 8). An exenplary

bubbl e detection process takes advantage of the
woheor7acrosei stic tine evolution of the detect edprer@salos/ 031579

anplitude, such as that illustrated in Figures 7A-7G

and Figure 8, to detect the presence of the bubble

708. 1t should be appreciatedjghat the tine evol ution

of the detected signal anplitude illustrated in

NF I

in SRR SRR KeBied. B LRE GRmERRD YARAERAR the signa
sapratets inay ba stored nrg:est@;fk anzloﬂwtraattl@grewap@meﬁ signal iesampled, the new data is

plgclgg ft ¥ rnh ?h o(l:d éaltz{r@ \Rﬁ gh g&!vﬁ) fle Q{aﬁﬁ tlm?ﬁpﬁlg ﬂ&t& ?Sdcoﬁécg&f’ailor the
predua‘rmgmd aumbmsaf Nrsaimp:lbh dre a‘vbragc mgtaé&nplffuqy is caifallated An advantage

surements . q ? NS .
frc'ae %fqnamg &rpw&g aé/ﬁrage gmpl ﬁ.ﬁ ¢ in {eiag me r trer ?a stoamﬁ talp{e)?ettVﬁnge, 1S
tharaiifeent Iséhsmoﬁﬁgdr&te)npmaﬁ tad e djfferainulynhlestreragnhsaﬂépen:ding tiy®n the

phg?i% %tgcglg 5 %? ﬁ]@ ﬁerggrs tb%g?\g gaar?i%retlaﬁg?rlil ltpgrglg r arrangement and other
fa@bRI Ta4LE Whid b presétgidtadivalue bnthaemplitdanG.e., Wétérmidddeluring calibration,
present inventiaon, an, exe | ary bub epmgﬁteCtlon

o 4RE e R UREES L T IOB B Yol a3 a rplgrence,

derRuitteLruhial aepi¥P 3RS afiphif@s ﬁi ¥4t i€ pleBke8] N al
anpl i tudes to previous signal anplitudes, | ooki

£ he ASREPEEMBIeS Se faken Lhrceish Sompls s gored prikssien e%thsﬁta%k and the
ol@éé%lrr&ﬂe (%Hﬂi@ b&font Mﬁ@swdkb M&aﬁ&ﬂ THS rdﬁrnmgra%rage%fmms in the

gure 8. In one exenplary nbodi nment

bu&@t @@@licalﬂteé wméma%agblqc&éeﬂ)« én 8 geatplasypmbadiaent igirywdng average
Sl%ﬂaﬁ%%élh@?e”r@%e%ﬁrgﬁteé Blcq %5164391%)&1 saﬁrﬂle RRARPEE BRRL, 2

ceived signal anplitudes may be stored in
- a manongexgmpbei enbedingintla thigghold lovel windew that metendsgippve and below

thg %Mn lab&?%e J?Juetr!]s%le@fég Q%gblﬂ)%ieetﬁtécg&atﬁ%%kg gléc-ﬁ[{gat Z&)ﬁ{ BN

ares the recelve
repm‘eadl velus Io!]thne emphmémlofethmﬂw oreted signah kX qeeding this, threshold or dipping

be‘ﬁ{v& Sr 3{9%5%?4 gre%lén%d ?%l}latvl B!ee gegt\ée\%ﬁhsi ch{s&ﬁ/g Bh%%jde%mon signal is

gedetied t(b:lo@ks Sh& rSzh@)t dihe ﬂtreshokdhnaygae selncte;d tgrba Isorae‘rpﬂrcdnta@e deviation
such .a illustrate r '
s ) B B i 9T i PalosBbEnd Bresfp BOS 1 AT 5 or 20
pesdegtiddviafibh Grok tltﬂe]rﬁ)mﬂga\dame waloe dTtekibnesholdvaluercai he Iarger or smaller
ht ed

exenppl ar utes a, wei
eGSR i PPt SPegt AT R afY G Fonotgb el iSshold need
not 6€ Wnrrﬁ&rlb’ lalbdmetéle funinhig a&é‘fﬁédf ali@de Fadtors et édnﬂ’ébufﬂib el’(ef determination
gna I tude I at.es rQn1t e.wei, -Su or
ordhiul By BiengRe G o POl LEHBUHES: fow i
ber HEashidd, PEIRAIESEmPerRfds bhd SrefiulRDpLriclet SREdntsOFhe *tlﬂﬂﬂﬂurd isa
For exanple, the enbodinent illustrated in Figure

shurgstst é%prgctrcamm oagmabtéreé@éd e bedetepipestydial an F%rgro%d&rmg

cahib@Ash, f@rﬂihﬁrﬁl@ do%' d@ﬁ@bram ekjSotinh guwbré‘s%w & s¥RbEEnahit amemng a
ﬂwéﬁaltu e of | ow net eéer si devi at es fron1t e

d eyeldha ﬂﬁ@@ th%éeﬁagd ¢ificieray) ﬁg@lead%%m {ipe MERipYAIRE the
mfeC6f irABe Sk IRBbtes hid O RMthBhr BERRPEEGR). 88he comparison of the

received value of the amplitude of the flow meter signal to a threshold reduces the possibility of
a false positive bubble detection.
In accordance with the embodiment depicted in Figure 5, where the received amplitude

value of the flow signal exceeds the upper threshold value or fails below the lower threshold

{
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that al though a running average of the detected
ultrasonic signal anplitude is used in this

wentrdezsnat , ot her fornms of weighted suns of tReT/US2006/031579
detected ultrasonic signal anplitude may be used, as
the present invention is not so limted. For. exanple,
rather than sinply conputing-# +unning average, nore
recently received val ues of the anplitude of the flow

valiR] e sﬁdt@lﬂﬂﬂ resmyslsfgenéiﬁéw ;d)@ﬁlvabﬁijbﬂef st tibn é@aag (block 508). Inone

ht t e tha re receive SS
exp@gg «% od t,Mogiﬂyeelal Elﬁ rﬂe%@pn\éggneldwﬁlgalywtaﬁ asserting a bubble- -

xRt A5G %osrettﬁt@sa%oﬁzb@sumet&m h&iableqWsdid R ticuldd ealﬁé)OWhe bubble-
controller, or the bubble detection nodule, althou

exist flagyway epmsin agsrsted antdlthechubhls deagencthe sengs PM&&O@U feps the

m&RefeRt sE&loRRE th\é%!:ﬁém%n@tﬁ@) e nddlelist fiAd &hivk 93&1'31@ a trlgger
recei ved flow nmeter signals using, for exanple,
signakfor pihpy aontrol and date sioraan ererations sudheas ezt qonivel parameters or
fré%%ﬂ% ‘P«fc‘éﬂieh Prbﬁéu sgglue"s § dBRbd éﬁg{?‘e of the received
si ghal” may be peri odi

cally sanpled and stored in a
buf flepn ¢xsimpddcy a@lzgdlmgé,rmvbn aygertipeof thobubbleacxist 8ag the system may,-in

re%o%gyer Q% g T %%c%gntts hﬁg gd?ﬁg gerXI?J:eycl q'il‘ii nﬂéﬁ!}&%ff HMCQJS 05 thread
cynhy) t’f@ssthmr e@h b twed)tmele’gmmp Wactyer@mdmnr{ﬁ tite bublbiee&stg‘.hglls due to
aff ueetl;%lbgl% ge g 8re§?n% to(r) Eoeaanrlrplin%% ary tgﬁf:ch I;]ns i gat%i g& ecfioh ;Iglg als,gw\r’]Ylere the
bubble- eamdﬂztg’nemainsl a:dated fmSa timstheds eythar Hpreddtanined Aitiarum number
nge daHa r t he . redetern1ﬁgd nunber, ofd
ofiglogk ffleer “ﬁ"é‘ d ﬁlj YEFQ Ay ! ﬁ??P?‘FEr&%’a ° BePE b
th{éﬁholatﬂ ysamglaqeram%r tzﬂa{ £1rid bubblg I:,eem U‘Eﬂ th&g)tl&v Ha[nﬁg@here the bubble-exist
|tu in.real time, rat t ha orln rese
ﬂ%ﬁ? Eﬁéeﬂq of 4y {ifpe @’Pgefré‘fa&ﬁ?m%@i’? %?“%%Fﬁﬁ‘ ﬁ%w‘“mber of
cldm&ﬁl tﬁr@add:lyfﬂ%@r ® rsthksmlﬁhathes*ohbtﬂagésmock&eme @gﬂlbmmm@ma B®pped
mpunt i ngs of the sensors, the flow paraneters

wf iy ﬁéﬂrﬁb(r fr whaﬁw?%% ST ST ARV o PO RIS a1 action or the

coﬁﬂbﬂ%d RN f theubBle toefitN@d iy td/@e Qbrntal ﬁea’ﬂ%ka'té MféRrting
e., determ ned during calibration, based upon

cm@a%raé dissisgedrabeys: dhepedgtermined gragimusy Btorva gy nw@ber of cycles) at

wiRBPh QM%H@@fo?cﬂ r§dcale %ay%@ﬁrﬁﬁa&wﬂe@&lﬁ ubéHkSBefhﬁn@M&fdﬁ%ﬁs such
signal anplitu inreal-time is preferred.

‘m§@ﬁbﬁ@shﬁﬁévﬁ%ﬁ€hewthe newest sanple is stored at the

t O P Iﬁgoﬁbﬁnﬁdﬁﬁéﬁﬁs ﬁnsddetsit?ﬁ)leotb ‘él@t%&t tﬁ@ﬁ@eﬁce(cﬁta bubiSe 9«9{; E&H’Q in its

e stack) 1s discarded runni ng aver age of
tr mﬁ&r@ghuthﬁ sehor penfdpisr Inj pgrt@alac mhaméhie gapdoniditloni meper is used as the

seﬁ&)lr Q&K%Cﬁlgéﬁn a Iﬂgw%g?t?&ﬁm 195%1@6]@&)%6{5@“‘16 Bllﬁa%l ay ??Bnrlgg gosmble

average signal a ude may eac
befierovitsizmyitethe soqmlloamgdﬂ ipreférhigly befbfeghe Cdntrolrbanéaebeémwharcy to alter the

fegcg%agpa naegt% ?vlﬂ%xﬁ% I?f(l)l ﬁjcm! r%%/e? Inr ggﬁ\% h{g%éur?o)ﬁg gl%]ilaﬁs %au%Fd by the

veran e ‘runni ng average va I's™§
ma&nanﬁmhﬂhﬁbbetectlon threshold such t hat upon the

Ived val ue of the a
o oot ikt avinedr FPo pYEeedbreliof g tpb T heg aboye will
sehselthd Bubbke ip b eisigiyRdariner, haMbe &&ﬂﬁll&@hﬂ ¢dspehdad thedositive bubble-
de?e%%i!ng éi\g/neal,% P | ehg ggn%‘% ér%grarshle%rs unti t?le bubble completes its transit through

the sensor conduit. However, as illustrated in Figure 7b and at point B in Figure 8, where the
amplitude of the signal rises sharply, it can be beneficial to alert the controller about this signal

spike early, before the running average signal amplitude {or some other weighted sum) reflects
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generated (bl ocks 508, 510). The threshold may be
sel ected to be sone percentage deviati on above and
woebaw2rdse runni ng aver age val ue. For exanpl e, PCIAIS2006/031579
threshold may be a 10, 15, or 20 percent deviation
fromthe running average value. The threshold val ue
can be larger or smaller depepdi ng upon a nunber of
. system paraneters and operating conditions. The

it, LA ﬁ‘e%l‘@ e c'aﬁt‘?cq gsg m BEcR YIWE EiahGesal @ﬂk' texéntftﬁa %Hl@b&lﬁen‘c of a flow

aver ag val ue. ctors that contri bute
meietvethhubblle idetactéoh npdyeherpforesimmlley Wff@réntwéghwsh@lri defiection scheme that

g gvg Vrvnlfeg&fblg ﬂrgbmg at%gy yjm gtgg It lyef&é e EntkdIRHhA MRBSE:d to the

measu I'ng tenperatures an
ohpm@sﬁupeeatmgapatamte& contents vvhen the liquid is a

I
54 e Sy TR 0 Bk Y e
valuarof encainqehef, fligiy ddby dﬂﬁre&beﬁajammredﬁnohg hbminbds @& Whixthds more
tt ld | t hat
s o Do T ey R OB AR B el Gl e
dlfﬂareﬁbe,beﬂWeﬁth the Zilafigt tirheofinnitigsonid mgﬂhﬁﬁbﬁ&hﬁﬂlebﬂﬂb&p@gnm traveling

he nunber of false it] ri son
S G 100 0 BTt dOh e 1 st B PR B Riage! fabeling in the
rePdr@NBectidd ffont Rafaiel P4 16 elissdticet NG (@IRS Bl ﬂab ldlferenﬁé bétween the
fal se positive bubble detection. In a

dovstresyEasitime apbibe spRigam i apqltémeé ghe gcetrlﬁgween the current
va‘hﬁ‘:% t]"a%q a%f@flldu% "Jﬁiiﬁe X@t’ H%@fbetpgﬁodciéa‘ﬁg’c&hﬂﬂéd anftBi6 edSltant

er threshol val ue or el ow the | ower

‘dlffprp@@ﬁ npapeied ta we@emnmﬂ ithresheld Sblacks 648 rfdPht es a

pos 'Fﬁ%uY@Q Hfﬁg’tpeltéas t%&d?f‘eﬁﬁdﬁamé @08t thé ﬁﬂn@%k‘-ﬂ%(ﬂgaﬁfexleﬁceoﬁﬁles xoft]-

exenpl ary enbodi nent, positive bubbl e-detecti
Xofft g mgdinshtipe £¢rrﬂpﬁ gntlemwble transiicsequenep iHusialsdlinBigs-SA-1¢ agl 8. It

caalbe Seen H Fl B ¢ %Q %Eﬁﬂ%%gf’kﬁﬁﬁéé&%f YR r&Bh& drQ bW appears

parti cu alue eexl st ag may renain
asaissiwptSBﬁe vmy close fedheheighiningloé the @harecﬁ@lsge pigeAl sequaRpgiopserved in
F%&% at | east the neasurenent section of the sensor
§UIt) The bubbl e-exi st flag can be used as a
tri gyesxemphneémbcdimat his bwbhtdpwbtlmarmoqﬁmealpﬂm&&yeh a differential -

eration S r
oBEEBHH Pue ShEAEED Y AL A
diffeene. patamesen xenieynid wr;pumdipanbdmﬂy by mpmrlagthe dowostrearh time-of-

ol BB 5Bl B AP LS BT o GEROR P o
(bIueRIBes). Of shpuld be sspraviatédthadibcky6l2esyl 604 mag be penﬁxrmeth tlhrereverse
%sed to. determ ne whet her assertion of the

ERAS SBRROESYY | ag is due to a true bubble being
pr eSgBhe ex@mplady émbodRE  &eltinghdfififhtidiTfdrdiRe df]axo[t-1] is computed

coll ection. That ere the bubbl e-ex
e3ch fije AdieH Se WY °+"6P1°‘\£h Vrome? qefrgpinplon ‘E%téi“i ‘ifﬁfﬁre’é‘ge exceeds a
p@&&&ﬁﬁrﬁ:ﬁ‘Bﬂr%@ld'(tﬂ%ldmfdiédiidr'fﬁ@%h&ﬁ) Bb08 butblesk %ﬁ&iedtalﬂﬂ @ Pbkitive
c cles, gsten1na in response, treat t

@P@Cﬁl %@‘? FeFhiaR AESERBE ba‘zbl%te@t iflegtpan Be ﬁ%&eraﬁﬁ‘éﬂ%}@ 610,
6ff) uﬁlt@dgp«les’ ﬁ)"tﬁﬁimmghetntbﬁieﬁéerkﬁ "fal&fﬁbglﬂv Iiﬁcﬁlséshﬁe d1fferent1al

| 'e- exi st ag is asserted for a tine 1onger

thsmh@d p@r@ﬁ@mmﬁﬁ beeheqkas pgpimat thetnexishtead @iclen@n%eeﬁoswe Bubble

detection signal generated only where the threshold condition is again met. In either case, the
threshold value may be selected to be greater than the maximum change in X, that could occur

due to the step changes in system parameters such as set point values, so that false positive
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clock or thread cycles), it is likely that the bubble

has bl ocked the sensor conduit and stopped the fl ow
wenvi7re2os2z | n such a circunstance, the system PayUS206/031579

response, initiate an action for the controlled

forcing of the bubble to return the flow to the nornal

st eady-state operating condi t2bn, as di scussed above.

The predeterni ned maxi mum i nt er val (or nunber of
bubyleldeseytiat mgzﬂals(ai"e ot gametatal wied theofiay prganpetas ed uekbermaly b&nged

e L e —

dmhg$$1ﬂﬂﬁmﬁahwg to detect the presence of a bubble
very, ear| s transit through the sensor conduyit
I'n pAaP?%lteéPa%le 5&&@#@1 sigea gpncratectamiaconltGhp Rlgpas m.@thag%faeeds the
difrerehi tHENAS1A ina§ BERSIAE dedcAba dbbR¥¥o GRBAer e db&k: pafatme'te?s or
desirable to detect the bubble as soon as possible

MERSPISPIENt valugs, §Fﬁyﬁtt§1gtdﬁ%ahsl&w& ptewirginase t¥nufigisHignpls generated by

thDpfeSdne bitGe Bl Ol | er has had a chance to alter the
f eedback paraneters (and hence the flowrate) in

r es pow siffarentiphrstestion qriseripngnayrigiest adabled prspency garlier than running
f ' r ,
B 3 BEE ey Ry S £ 36 ML o e
thw@ntmiietrﬁ@éeStbh rebﬁhb pondrofler statasiappedoyruptadh hethe spinipus signals caused by
K .
o Bt e Wikl E5BPRfdke 1, R RAPANLMS proceies ruming average
depestiomiy @rlgtlmtqnb ot twe tlmmbd:)eles,omahstﬂébe uSteﬁll tr facibifating stable
sQar, con as illustrated in

op's_epatBH gp%% ng'OIZSYS f!m durllrlﬁ p%lsltt of {Pu ¥, r & 8 V\,her et he

anpllntu d}@n'qﬂﬂary h&bcsiingeraj the dlﬁ‘esntsdi detpdtion sugplensentstike running average

rt. the ontro this .sjgnal.

iR ebbrfheg oy Bl abcennmp Rl Sl REHE todhBS's SR nto the
seasop koddutlie Hb@éves,dfmn atsh ee uvwdit@ dted the badble’ e Eiekéif ite, sedtlconduit,

cont | mreacts to the changes. One
aséﬁ%ﬁﬁﬁeﬁi’yﬁ‘@ﬁﬁ% ﬁgf ASEEE Tot or with bubbl e
d felt Qﬂtr]ﬂolt,i%h %’[&ﬁreﬁdﬂﬁfn@érﬂfoﬁ hed e ridardy ﬁés@ﬁ@dﬁﬁﬂeaﬂm as being used to
t hresho et ecti on schene t ists i.n detecti
PIRVjApRASUrate Mg roment Ap Ors%oag%lso?%wéaf@w AR thE GFRSTISE pLpuDbles,
asFéb‘Es ST PrédeRdnicBtibh@af PG fd?fotlﬁpﬁfrﬁésbmm?@ﬂx@ WRIs&Hc8 of bubble

n one enbodi nent, the differential thresho

mepdfct 3 BRASPE BRSPS ObFPIURLPTESSH JOT FYRM D W%uPa@moNo 59,844

delsériBRs Bk ud dQittdsorfi®vaYes M IbALRNES RRISITRL AN dlsgﬁﬂﬁé@é’f solids in a
herein as xo, whi.ch is nore sensitive than t

SuspABFIPR QfRelidsia sefationT peshias A MG slayy. e &fémavnmewr@%?heféhe
preérl@emfbﬁﬁble%ah Bmbtte &b&é@}r S6& &&Em@ﬁ% Bfd I.Jt@srkﬁéttbubbles

tine of an ultrasonic signal (for exanple, a chirp
tygicglhyaiepd Mt&@éﬂmﬂ@@dfpﬂchﬁotmﬁﬁg@m@ér Asgots pbthe presesd inyertion may be

reZcﬁg e& tlal(guc;hr kc‘ie g'&e%d gl 0 g)gtléfﬂ &Eeﬁﬁr@&%x‘t&rs egf%a&) deteq} (51}?

e rever se t1on rom nsaucer
pmwnwr(érbgbhjv:seandmzo (imhgarticls size hed ditfibwios mmasm@nmmem peifials in

t t {
USSR A 215, T O AR B b o
bubhlds enap ingpeiconcaswamend aXdpt echirolhmay di® heeeddig emailbr;pd

e%v?n% tl?us%escrlbed srevg’rgﬂ asger&s of embodiments of the present systems and

methods for measuring and controlling liquid flow, it is to be appreciated various alterations,

modifications, and improvements will readily occur to those skilled in the art. Such

_ alterations, modifications, and improvements are intended to be part of this disclosure, and are



di fference then conpared to a predeterm ned threshold
(bl ocks 608, 610). Figure 9 illustrates the
woanr/aepsadi ng pl ot of the time-of-fiight diffecense06/031579
val ues xo[tjxo[ t-1] against tine for the entire
bubbl e transit sequence illustrated in Figs. 7A-7G and
8. It can be seen from Fi gur€2- that when using the
xodi fferences, the presence of a bubble appears as a
intehdwKd Po B@Wkﬁn‘t‘l&rsyopklcﬁ ge itventidre Avegidinglynthedregdims description and
char act rlstl sequence observed in Figure 8.
r%ﬁ“@%@ﬁEY§?¥° ﬁ@ﬁt of a bubbl e detection process
~enpl oyi ng such a d|fferent|al nmeasurenent is
illustrated functionally in Figure 6. Values of the
time-of-fiight delay difference paraneter xomay be
conputed periodically by neasuring the downstream
time-of flight (block 602), measuring the upstream
time-of-flight (block 604), and taking the difference
(bl ock 606). It should be appreciated that bl ocks 602
and 604 may be perfornmed in the reverse order or
simul taneously. In one exenplary enbodi nent the
time-of -flight difference xo[t]- xo[t-]I] is conputed
each time a new xoval ue is obtained. Upon a
determ nation that the difference exceeds a
predeterm ned threshold (the differential threshold),
then a bubble is suspected and a positive bubble
detection signal, such as asserting a bubbl e-exi st
flag, can be generated (bl ocks 610, 612).
Alternatively, to mnimze the incidence of false
positive responses, the differential threshold
condition may be checked again at the next thread
cycle, and a positive bubble detection signa
generated only where the threshold condition is again
nmet. In either case, the threshold val ue may be
sel ected to be greater than the maxi num change in Xo
that could occur due to the step changes in system
paranmeters such as set point values, so that fal se
posi ti vebubbl e-detection signals are not generated
when the flow paraneters are deliberately changed.
Alternatively, differential bubble detection may be
tenporarily | ocked out or suspended during changes in
setpoi nt values. A positive bubble detection signa
generated as a result of a change in X0 that exceeds
the differential threshold may be used as descri bed
above to freeze feedback paraneters or neasurenment
val ues, preventing destabilizing systemresponse to
spurious signals generated by the presence of the
bubbl e. The differential detection criterion nmay
detect a bubble's presence earlier than running
average detection, and therefore may provide an early
warni ng, allow ng the systemto freeze
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the controller states before the controller states are
corrupted by the spurious signals caused by the
wonewanos2of the bubbl e. Even where the differeariuakoos/031579
detection precedes running average detection by as
little as one or two thread cycles, it can still be
useful in facilitating stableyoperation of a contro
systemduring transit of a bu bIe In an exenpl ary
enbodi nent, the dlfferentng fgtection supplenments the
runni ng average detection descri bed previously above,
1.and Al igethed ¢f nifeaaaririgwaclahuratennd a tliyeid lobyiodgeh 8 ligwitl |ﬂy>wi sagsor, the liquid

oS SRRt SR e B3 BSHY B en

 thérbihgé mathed chiiprishe seeend, smal | er peak in Fi gur e 9.

Al t hough .t he present .i nvention S p

des ety farBid o8 Srngecuns of §° g5 nast b Tapifigwing in the
sehBASIHagHENt and/ or control of fluid rom;rate in the

presence of bubbl es, Eects of th$ pr.esent ﬁ E P

may dBErgisg. tastd Won et least P eracian af Ge figy Sf:ﬁ“é‘s gther gf least one
buBbR R Bsp¥e ﬁftl{eQR]hldawﬁﬁ@ﬁlH %&ﬁ&moncﬂﬂd/ or C ont r 0|

process. For exanple, U.S. Patent

des @ravisheg, irhiespesee tofa datermiaatipnitiat mb'&bkt 5 dﬁé%%@l rneth? Hguid within -
thP @nbdrSbfiu £ ox@?eﬁ ﬂgéﬁ fddlﬂ:'éﬁ\l'e%? tlﬁzfﬂoﬁﬂlate‘iﬁ tﬂerhqﬂ]d flowing in the

suspensi on’ o I'n solution, such as a
llcslﬁiﬂﬂqusen's'dxéaase@morpameﬁtremtbcseméélowwaanab ped p r esence of

bub

o SRR, 0O SN R
liquid withit thervemeoucoaraibtat ledg pmfs of the present invention

may be read d
dlstrlbu (ﬁ?&kééﬁg%ﬁgﬁ% ?ﬁﬂ%&#§%§m§ 28%§ sgﬁg%M1
of hidasignal indinativerof & prekdnas of tbaarttlwsﬂ ane dibtde, and

ar e not Bt Bt e SR Bt AR Ry o R e i

whe rflwt d88sop bess e npe @her lﬁmhhﬂeaﬁosnﬁayenﬂmsatsbd freasigndnent
and/ or control may also be readily envisioned. Having
t hus descri bed several aspects of enbodi ments of the

2.Pr esehikthsy 8t @ﬂ&olﬂhﬂg tHéEIthdt‘é of @ tiquie essughndlosngnduit coupled to a
control ling flow,

b i at ed .
e LIt o5 BT i
th\é"'hh\!ud [RAMIdY AL of Butble $@mSK theted] theﬂndtiitﬁl o@ﬁiprmﬁglﬁdﬁs of:

't GPRTEIHAR GBI DR s N S S ghe L fowing i the

| seblcigpded to be within the scope of the inventi on.

Accordlngly, t he foregoing descrlptlon and dra
are %V%Wgobaséé(wwé%gﬁ O RN of the Al Oﬁb‘%‘%{’&[j &Fthgr at least one

%Si’sjfhk edlin th@ﬂﬁtﬁ@&ﬁhlﬁfthe%eﬁsbﬂéﬂn%lfl owing in ali qU' d
| ow sensor, iquid flow sensor including a se

con cpgq)\ﬂdlgg;dn feﬁ@oqsq: A detarminpiien thy ng bpblﬂ@ i) qlqp95egf1n the l1qu1d within
thg QQ‘B&%% @Lﬁ{ BSifirol Eﬁgtrﬁét?rs 5t Jﬁ&@&gle%ma hhseld '%901?1‘13& sofrecently

sat ed Yy sensi 'ow si I ndicative of the
sd$mWWmmmgmbf t he I|qU|d f|OMAng in the

providing, in response to a determination that the at least one bubble is disposed in the
liquid within the sensor conduit, control parameters for the controllable valve based upon other
than the most recently sensed flow signal; and

controlling the controllable valve according to the control parameters.
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sensor conduit; determ ning, based upon at |east one
paraneter of the flow signal, whether at |east one
wouabdrie20ss di sposed in the liquid within the seasms2006/031579
conduit; providing, in response to a determ nation
that no bubble is disposed in the liquid within the
sensor conduit, a flow rate siqgnal indicative of the
flowrate of the liquid flowing in the liquid flow
3. SENTRE MRS E Of 4N clinkEDISér 2, #EEBin!the £ECHERErhin® ifdl@Raba act of
and providin In response to a deter atlon t hat, t he
defpptingen dpstone HOEDIGNG & Iegsi9ne BEAMEIRT @ fihe % sieeelatng ¢hapse being
chgllagteﬁfﬁe%?{he gfé@gféé bf thaht 1bR8Ste LabSle Afsposdd indhd li Wﬁfnﬁ the sensor
si gnal based upon the nost recently sensed flow signa
coadhdt. an al ert signal indicative of a presence of the at
| east one bubble, and b) a flow rate signal indicative
of the flowrate of the liquid flowng in the liquid
4.f | oWhs enthod obayed clapon! oty sherehidhe ltiqw? Aoy sens@cemprises an
w signal. 2. A nethod of controlling the
‘ﬂéy% ?3 8%0 Sg% $QUId through a fl ow conduit coupl ed
to a controll abl e val ve and aliquid flow sensor,

I|q d fl.0 i.ncl u

5.0 qﬁlha rr}eﬂlgﬁlag?lﬁlal %ere}ré tglez% 31%3%%%1 &9?%& ha@@%n&l@%mprlses
ntdmearsenlﬂﬂowmgnﬂehlphd;deon”prl SI ng acts of: repeatedly

sensing a flow signal indicative of the flow rate of

the liquid flowng in the sensor conduit; determ ning,

6. \%\s Qﬁle lﬁ&ﬂﬁd?t clhigds, twmgsei) pabavetiesmmiing melufiésouy as1i (Q“rdaﬂeeting a
ether at | east one bu sed n t he

chapgerip thepuiigasanic, oy SieB G ltugﬁﬁ‘%w%a? &emigr‘f ?ﬁ&ﬂ% 89‘?‘8 prgsence

ofdRd RNEHITRE b@bld disHosdtin BIRJuR! Wishilihe Bga@B&Ctonduit. he | i quid

wi thin the sensor -conduit, control paraneters for the
control | abl e val ve based upon the nost recently sensed

7.f | OWiR ingid of BV, %m.r cbrﬁ A@pRanset 0 a deternination
that the at |east one ?e is _disposed in th

| i quelyulaiingraspensize sxthe a5t o8 ESRERIFY, SCEURE AYIg B pEa value of
thE ﬁftraEJh?c ﬁ&@flg&h h@pligde/al ve based upon other than the
recent sensed flow signal; and controlling the
c on twmranatbb @ct\pé Hetermipias ingludes ancct ¢faletegpining[whether & most recently
se&%rdmg SF ﬁl & Altraddh; ﬂngG Gh Qlfﬂ Ride &éfwa?e's %‘oﬁﬁhé‘-rdﬂﬁmé average by
erein the et

act of rn1n ng i ncludes an act
mchetteantd thgstwld vadeest one change in the at | east one
paraneter of the flow signal, the change being
characteristic of the presence of the at |east one
8.bubblte neitispdlas efding #, wieeeih ihguiow signahdomprikes ag alfegenic time-of-flight

dl%fgrence frlow signal, and wherein the at least one parameter of the flow signal includes a

magnitude of the ultrasonic time-of-flight difference flow signal.

9. The method of claim 8, wherein the act of determining includes an act of determining
whether the magnitude of the ultrasonic time-of-flight difference flow signal deviates from the
magnitude of a prior ultrasonic time-of-flight difference flow signal by more than a threshold

value.

10.  The method of any of claims 1 or 2, further comprising an act of:
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4. The nmethod of any of clains 1 or 2, wherein the

liquid fl ow sensor conprises an ultrasonic liquid flow
weenwm2055. The net hod of claim4, wherein theprat/use®sn31579

one paraneter of the flow signal conprises an

ultrasonic flow signal anmplitude. 6. The nethod of

claim5, wherein the act of d%%term ni ng i ncl udes an

act of detecting.a change |n he ultrasonic flow

Si gn

t he %? gtr{%crespo%%v%{oqﬁ CF eas a%ﬁ ns[)%asa'g g{egéléﬂa%f 2hatue of
thd:heealsu@blpdrametehoﬁﬂmﬂmv&gmlpr conduit. 7. The met hod of

cl ai r co risin

earstpeinhe iy Of fecr R e s 28 o gt e S b ot egennty
se@é&! v@g€ofthe & laaai aie pahmefeeofiths flews sighal déViates Borg kel weighted sum by

litude; rein the act of determ ning includes an

m%{E hanadﬂ@’Er%‘Pﬁqu‘ﬁB ‘whet her a nost recently sensed

val ue of the ultrasonic fI ow si gnal anplitude devi ates

fromthe running avera nore than a threshold
1y al e method pEaka Kisan orc% ribPLCOMBHENE FRAYKRE £ | ow

si g %@llculﬁt‘ﬂ{g’fésﬁcﬁ&véfb tHé Adk Gﬁﬁﬁéa%‘edly' déﬁsm% abddn@ftaverage of a value of
difference flow signal, wherein the at [east one

th@@iﬂm@ma@fneﬁeﬂflﬁ 89&V§ig§fﬂal i ncl udes a magni t ude of
t he #efeﬁ@tﬁﬁ ch%f ?été?ﬁmﬁflg fnl:l'ug&tan‘abtf JrateRsgink va@é‘(h@ﬂ DRt recently

) alm 8, wherein the act
Sexmd ealpe of theat leest thepgramtea@f the floy sigasl #Pﬁﬁfﬁgﬁvm dhefapnipggverage

})‘[?&Qltﬁaﬁqt?hrg; hold\Gd!l trasonic time-of-flight difference

oW S gnal deviates fromthe magni t ude of a prlor
uItrasonlc time-of -flight difference flow signal

m) r ef *Pn%ﬂm% gglr fnﬁ 2 %h%re\{xﬁlhy gct o}ﬁrovfﬁi}l% tﬁ@iﬁlcﬂ)@ filteosflgxﬁp%dfegtlve of

C | ai er co
thoflow adte of tae lipgd ﬂmemg amthi \]AQUIﬂ diowrxensaclbascﬂ‘ upog jothat deh the most

S50 i B L S Gl VAP b e 0 v
prélabetydeirmghet ot nxdlaﬁ)bamaa dispased thethe tigaid iwithinwhetehsr cenduit.
nost recently sensed val ue of the at | east one
paraneter of the flow signal deviates fromthe

13vve| gmlte @iktifodBf lenﬂD.I evhelethepdeibesiyrionsd fowodigial cohiprlsél'si’the most

cl ai, 1 or 2 r|3|
oGl SIS e g M P BB GersbieleEng  hago Subb A3
d1§[ﬁ)@&ﬁh@ﬁgllqu§ﬁﬁiﬂinmﬂwsﬁlsbﬂ5¢ﬁdtﬁg average of a vaI ue of
the at least one paraneter of the flow signal; wherein
the act of determning includes an act of det er mi ni ng

14V et im et JART blaln® € 8iMekain the act of providing the flow rate signal indicative of
the flow rate of the liquid flowing in the liquid flow sensor based upon other than the most
recently sensed flow signal includes providing a previously sensed flow signal for which it was
previously determined that no bubble was disposed in the liquid within the sensor conduit

along with the alert signal.

15.  The method of claim 2, wherein the act of providing control parameters based upon
other than the most recently sensed flow signal includes providing previously provided control
parameters for which it was determined that no bubble was disposed in the liquid within the

sensor conduit.
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sensed val ue of the at |east one paraneter of the flow
signal deviates fromthe running average by nore than

wea 2dweesisol d val ue. 12. The nethod of cl ai m 1, PeinaISe0s/031579
the act of providing the flow rate signal indicative
of the flowrate of the liquid flowwng in the liquid
fl ow sensor based upon ot her-idhan the nost recently
sensed flow signal includes providing a previously

165 €Ng8E mkineWoBIgiAl 5, WaEreithe frevibustibsrodd@Vdoatisl parameters comprxse
determ ned that no bubble was disposed in , the |i

theump s RNEPrOEASLFONE B RATIELerSgr WHGR 1S RERY ip yé‘ﬁ&&ﬂ?"ﬂéhﬂ no

LoD ek Bispdded RIBY iQHS hihin arsesbof uisi gnal conpri ses
the nost recently sensed flow signal for which it was
previously determ ned that no bubble was disposed in

7t he ’[th!: %%{h%d%mﬁlgfnmt e?@& {sirf %‘%@@ldft 14. The et hod

erern providing the flowrate
SI g rmlitmgrmdlr@cbtemmed)pertdd@f flmow respoasedp atdpiermipgfigndhat the at least

onte I]?gl\?l]%l% % disho §e?? Il %ﬁ{n{a wit hQIVYhec' comie‘j upon ot her

rece ow signal i ncl udes
pr oveimiging, mme@mwmemmoa bf)tlmtsl\’dnﬂnler the pt lpdst etg bubble is

e P e BB 0, B o

thaflew kigaalgasl . 15 The method of claim 2, V\herel n the

act of providin cont ters. based . \ .
AR RN AN e R R T L
th® h@m& CliitAGh th @mm Ushdnitps eiroked foraa prootdupmaio acmdvertise dt daast one

it was thertg] ned tha no bubbl e was di sposed in
b@ﬁ’@ﬁ%@?b‘qWMﬁ fENSE S e ondui t. 16. The met hod of

cl ai m 15, wherein the previ ousl y provided control

araneters caonprise the entI ntr ol
155 S SIRB B SR IeTe S 5 Lo BULH 34 HBT B tagy bubble
is'3Qu @%E@m"bﬁéluﬁh@ﬁﬁ&ﬁ ¢hd sBndoP@nliriel iticFid¥d defbcting d1¢castons Oliange in
conduit. 17. The nethod of claim?2

. further congjfrl Si.
the et lgasbene paeanciar T te Slowcnisnal e gbangp Being ehagpoteristifotiope of:

res tuBBle iRBSsed Hath@liqdi®@AsthinWRes duit;
bubb eﬁﬁgéﬁfgg%ggﬁ%ﬁgﬁg Fqu?ésevm t hi aq tlhe slgnsorensor s

' ansiondwt determ ning, after the predeternined period

of t Xi {'}Qtr 1 efsb&egﬁlblgl@ﬁ% R RLRRNiR tHe%el%Bf édndult
8 Int f W th

di sp I qul I'n the sensor conduit
based upon the at |east one paraneter of the fl ow

? h a?ﬂ}e (gi fﬁe agl‘tftlv Noherdi 13%1]5 GRR?P @&%mﬁ% LeolBbIR o8 bl Y ure

one e is sti di sposed in the
inkfudes tdnpwrhrlmy mlterig tls@cnmtrpl meonters for theconfrallable #alve.or ce
procedure to renove the at | east one bubble fromthe
liquid within the sensor conduit.
20.  The method of claim 17, wherein the act of executing a controlled force procedure

includes opening and shutting the controllable valve.

21. A system for measuring a flow rate of a liquid flowing in a flow conduit, the liquid
including a plurality of bubbles formed therein, the system comprising:

a liquid flow sensor including a sensor conduit fluidly coupled to the flow conduit, the
liquid flow sensor being configured to sense a flow rate of the liquid flowing in the sensor
conduit and provide a flow signal indicative of the flow rate of the liquid flowing in the sensor

conduit;
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18. The nmethod of claim 17, wherein the act of

determ ning whether the at | east one bubble is still
wdizeassd2in the liquid within the sensor condBCT/US2006/031579

i ncludes detecting at | east one change in the at | east

one paraneter of the flow signal, the change being

characteristic of one of: a)_# presence of the at

| east one bubbl e disposed in the liquid within the

sensqr., condui.{ ; b n {.1.:0F : .

oo Brea e St ey o e il LR stbor, BARGei ¥ gow signal
anfiieten®inb ddsedfupor atilenstlohe padameter of thdhBova signadf whesttec att leasgorse

t.rolled farce ocedyr e i ncl udes .t Ll .
ouBlecs fegoen Mo e RGP AR S el BicoiF b RIPG iestn mppy beine
confibwied t020. The nethod of claim 17, wherein the act of

executing. a controlled f.orce ocC e i.ncl ude P
ope I gica e PRBEP AGeIETRINGHGR EPLRY il o s 5 e tigya within
the ¥&s 8 Bohlit, ABES Wath Bigna idfdicaive et dw @td dfehsl ihufd Auwingin the
in a flowconduit, the |iquid i%egc udi, n a%cfl urality of
ligpich Bpw senseyrtiaed vppRf .gqoﬁ,reqelﬁgygeg) Wc*&ﬁ?g]r? ng: a
LT quirghidid, @WYesRRRAb aldBEintifiod it Heaseist SR Btbbl if disfosddvin the -
coupled to the fl ow conduit, the liquid flow sensor
ligyad wighio dhref serpor exhdpip 2t lBagenaoff | ow rate of the |iquid
flowng | | b4&R HitintthARGkt Ricoitiydnsed flb@Wignal and
signal i ﬁg?{ggktgﬁ\%/gﬂ%%t%g fEiIiBHcl)lw ratse gf tyﬁgnl i qui dlgml e
f I ovalertsignal inHisatéveref o presuimelof the at leashinedublde.@adi on
modul e, GHRbE el Oehdltrdidafil &F ohd B ARTUo licut ARARL he liquid
the fl ow signal and eterm ne, based upon at |east one
par aftwt ensa baset epdi ahershagrilsd mosirrserilysersed flewsigngne
bubbl e is disposed in the liquid within the sensor
condui t, the bubble detection nodul e being configured
22.0: Titeaystela of ¢laint 2is phersian thobubblelerctiinmadulsrdeteatstat lgast one

bubbl e i s, di din the kiquid within t >
ottt S eBRprapeCt IR o Tl el il of e

 piiegdn€e offthé Kideakt ae ibdbti¢ dispaser innthet liymid within thefséroor @adebr

based upon a nost recently sensed flow signal, and

provide, in response to a determ nation that the at

23 eastheapseh ubbihign 215 wlibispaseHquid{léw senkdrqpoingrives b ulrasdué liquid
sensor conduit, at |least one of: a) a flow rate signal

gy se°lpon the nost recently sensed flow signal and an
alert signal indicative of a presence of the at |east

one bubbl e, and, b% a_flowrate singnal ind{%t;:ﬁt've of I .
2¢he Theowptparbciaim thavhereguheatieasiant gapmeth t?ﬂ%‘r’ iR GQpprises
a§glﬁ§%ick}ﬁﬁ,e§ﬂgﬂépﬁﬂ%lﬁﬁct@r than the nost recently sensed

flow signal. 22 he system of claim 21, wherein the

bubbl e detection nodul e detects at |east one
25.  The system of claim 24, wherein the bubble detection module detects a change in the

ultrasonic flow signal amplitude, the change being characteristic of the presence of the at least

one bubble disposed in the liquid within the sensor conduit.

26.  The system of claim 25, wherein the bubble detection module is further configured to:
calculate a running average of a value of the ultrasonic flow signal amplitude; and
determine whether a most recently sensed value of the ultrasonic flow signal amplitude

deviates from the running average by more than a threshold value.
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change in the at |east one paraneter of the flow

signal, the change being characteristic of the
wonewanos20f the at | east one bubbl e di sposed PaTUS2006/031579

liquid within the sensor conduit. 23. The system of

claim 21, wherein the liquid flow sensor conprises an

ultrasonic liquid fl ow sensor28-24. The system of claim

23, wherein the at | east one paraneter of the flow
2751 OITAb sERI6T S 23 whthéin &&mlidabwmﬁrgﬂain Wmsbﬂid: todle-of-flight

25. The system of cl.aim 24, wherein t ‘ﬁ Hf lud
differeusedionrs gk aREVERTE et ag ﬁawéamﬁeft hef{opy gl gludes a
midnPNASerIRAL I ABHL kit E-flidhb eifeRaBgBovPsikig. characteristic

of the presence of the at | east one bubbl e disposed in

t he I|qU|d within the sensor conduit. 26. The system -
28?f Gt féMiﬁfﬁl \Qhérélﬁ tHRUABHIE detestRE hldatle iPEkthe cbsfigured to:

urther con ur ed cal cul ate a running average of
a valet@emmwdl erithe ulﬁ@@wpémferqfxﬂlght gifrengailow sigepd de‘é?fss from a
- 0on
P O A A sk Bt
mﬁﬂhﬂﬂm@maverage by nore than a threshold val ue.27. The
system of claim 23, wherein the flow signal conprises
an ultrasonic tine-of-flight difference flow signal,
2%nd Tuaeyseém of Haima1, Wheasin therimbpla detasstos magipiletih@irtherpgntigured to:
S|gna c ud t
gl e R e B oB e Bk I BRI of the o signa
amﬁ cla|n127 wherei n the bubble detectlon nodule is :
further confi e
o't RtinE e Y mp s GleRiel Vel 9 b thS P garameter o he
fl6ve Vigad] @svihte Ofiora tHerveNdheadsui byehe@e than adewhmlnammunt
time-of-flight difference flow signal by nore than a
detection threshold value. 29. The system of claim 21,
30MhergieRydthif obelibl B, dhéemtthaubbe diudealdnsmmretlh fiither configured to:
econfigured to: calcula%g a meug ﬂ sum of the YﬁL ﬁ I
of torkulsic 3 rumpe Bis@epar hREelEs ofdpe Fistqng RramgiRLyL e iop signal
afdiet erm ne whet her the nost recently sensed val ue of
the at | east one paraneter of the fI naI devi at es

f r orfetermingyhgtheidhe glg%rwn%qegsefi ryalye g a5 Pneparameter of the
fléWQi‘éH&l dedBes ﬂ?&ﬁ RN SAAAR Keragh BY ﬁib?e]thad/hhtﬁfe@lidlld {dige. bubbl e

detection nodule is further configured to: calculate a
runni ng average of the value of the at |east one

3 par afRtShteR o 515'1‘13(1 31, QersindR@iow ARCsiSRl RUhRR JMRLUTYN rate of the

he nost recently $ensed value of the at |east one
hcpad Howingrin B ligrid fibwsanser bpsed unga whst ban the gpst meently sepsethflow

sifat ¢ &gﬁ‘ls@/ a Hi%{/lguél)h?eﬂseﬁ o SRR HAkMER it was previously determined

that no bubble was disposed in the liquid within the sensor conduit.
32. . The system of claim 31, wherein the previously sensed flow rate signal comprises the
most recently sensed flow rate signal for which it was previously determined that no bubble

was disposed in the liquid within the sensor conduit.

33.  The system of claim 21, further comprising:
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31. The systemof claim 21, wherein the flow rate

signal indicative of the flowrate of the liquid
wohkowiongpsen the [iquid flow sensor based upon 8CHEIS2006/031579

than the nost recently sensed flow signal conprises a

previously sensed flow rate signal for which it was

previously determ ned that nojbubbl e was di sposed in

the liquid within the sensor conduit. 32. The system

Of CJ (l%hm)lﬁi%le HhRe" 1? ﬁ‘ldtcgﬁunﬂﬁi@é’tl&%ﬁ%hcsﬁ&ﬁ @&dfuit QWcbitothe flow

rrses e nost recentl Yy sensed OW rate
ram cgjmlm fhfid ﬂowhng amthp tﬂowagncbutéwqdu@plycmpbpwmﬁé@s pigyidedhts the

4 posed in the liquid within the sensor
co@oﬁg‘ib%? i %39ﬁdsl'he system of claim 21, further

conpr dostroligrzcooplad toché hplidflew kansoriand theontrallshimynivede fegpive the

oy Rl RO L TR L8l BALE, e

v{leg. ameters provided to the controllable vaI ve; and a
controller, coupled to the liquid fl ow sensor and the
controll able valve, to receive the flow signal from

34.he Tﬂe%ybt&nfof@lwt?ﬁﬂMéreﬁﬂd glrow dle the cont Lol
par amet er 0 the c tro abl e val ve. 34 The system
of cﬁ‘%bﬁ‘ﬁbiﬁs‘iet%%‘"r Bp C{SHIQPIBE}BIHF%‘“&]& COrPE odul e i s
| mpl @&k apoh ﬂletdaﬁrrﬁﬁﬁﬁdn%dt 26 bubMeik isposet pObe lihed within the
deternmination that no bubble is disposed in th L%%r g

sepprePRduithbe serfedler pravides the coptiel RRERISHEST fodhe qarBol a&? Vgdased
gd?lrlﬁéﬁt)stﬁ’@c%ﬁ‘t’fsek%e% flo® didi8L; a@nt rol-l abl e val ve based

he nost” recently sensed flow signal; .and
mher@hqﬁemuw@n a dotgamiagtion et fhe 3t lepsh ong hibblsris dignosed i the liquid
vJﬁHfﬂg Eschor gblﬁﬁﬁstﬁg cotollSrdvidbd ki MhrdlipArainBRrsi6 BRQontrollable
conduit, the controller provides the control

value based wron othsr thaw theawast wtenglysesehiloesiseded upon ot her
than the nost recently sensed flow signal. 35. The
system of claim 21, wherein the bubble detection 4

3fnduTle systemiodielsing Ph Whersin thabebbisi dstestiohmedide nrpwﬁeqth@ﬂow rate

f fth

SR bulef G o nPRISESL BTN B PIRS hBPLighl ineBRE of e

piesenceshtbe slﬂea:st)ortet’mabbie irerespongettb dm: detearningtion that ﬂl@@ﬁast(@n@ bubble

in the |

isclimdcn TegRaRon RaidRatddhe il BERAAe )
val vecdnfroflatié chlvmmﬂum croaﬁmmrcamrt \Imtlt ﬂne ﬂbW@mndmtnwLﬂontroltﬂ@ flow

R P ARareh o o Pt v il s Ak v e e

: c@&mlambbabé;an&al ve; and a controller, coupled to the

giugg!%lgongrg gr?ctzéu%[éd to t%u Ibubbl Setection rln\cl)gul I?:g refcclalge the %ow rate signal and

the alert signal and provide the control parameters to the controllable valve.

36.  The system of claim 35, wherein:
in response to the alert signal, the controller freezes the control parameters provided to

the controllable valve at a prior value.

37. The éystem of claim 35, wherein: -
in response to the alert signal, the controller is configured to wait for a predetermined

period of time, and upon a determination that the at least one bubble is s’;ili disposed in the



the alert signal and provide the control paraneters to
the controll able valve. 36. The system of claim 35,
woheorarzos2i n response to the alert signal, thePCT/US2006/031579
controller freezes the control paranmeters provided to
the controllable valve at a prior value. 37. The
system of claim 35, wherein:_jgn response to the alert
signal, the controller is conflgured to wait for a
ément a
iaBg AT S B B PR RO ol I R PRl
cohtheleil (ﬁucedprwedmemo temovs tesbleast ortloibble ipsn ﬁhﬁ tiquid within the sensor
@%ﬂ determ ned period of tine has el apsed, inplenment a
trolled force procedure to renove the at | east one
bubbl e fron1the liquid within the sensor conduit. 38.
The ste n137 I . .
3857 o BHIE T odo i RGO Hted R e 5ot fning and
she@ing thelcb@kiiebly azhlvee




