-1 APR 2004 | Title: Sinultaneous determ nation of multiphase flow ates
and concentrations. FIELD OF THE | NVENTI ON The inventi on relates_%gAgﬂsz
met hod and a device for 5 determ nation volune flow rates and volu
concentrations of liquid phase conponents and gas in nultiphase

l'i qui d/gas m xtures such as oil well fluids, conposed of oil, water and
gas. In particular the invention relates to such a nethod and such a
device according to the preanbles of tlains 1 and 15 respectively. 10
DESCRI PTI ON OF THE RELATED ART An effluent flow ng along a pipeline from
an oil well is a nultiphase mxture of oil, water and gas. Accurate and
si mul taneous neasurenent of flow rates and vol ume concentrations of

m xture 15 conponents is inportant for control of the well operation.

Met hods ‘vaices for neasuring these flow characteristics accepted up
to the present 53HHﬁ&aBF€P?rﬁ#ﬁﬁﬁwigepaoatbﬁnmﬁﬁtiﬁyggenflaggciaI separators
whi ch are instalcoadenhbraeassyd i Ng devices on the ‘territory BeDiand i el ds.
This fact | eads to considerable capital 20 expenses by execution of such
measurenents. Techni ques for neasuring of the said nultiphase flow
characteristics without a prior separation of gas phase are al so known.
These net hods and devices are based on various physical principles:

di fference of density and el ectromagnetic characteristics 25 of the
conponent s, | BIELRCHF OFHpM INVEG@FBR- rays and ul trasoni ¢ waves, and others.
RU- C- 2138023 Lscloses a met hod and device according to the preanble of
claim!| and t0 fhe"Peaif Eedptesaren aSuatdspeanivel gevidl tdayt he prior art

met héd atdeoammmireadbnoRoabRBIr Bowi RAlesh ch 30 passes a nultiphase
m xture ﬁ&éh const ant fIOM/veIocityfstﬁgdggéﬁ% %c?éaﬁﬁﬁBEEF%%W%yﬂgflxquid

m xt ure T8 TedSPEYCBy St PAAsH? tim@udtonbese 1iquiAPBa30RAdxtutds RISES
through eilortnolfiedcol sempoied R QiXt uLe by 8 fransmtter

‘ . gas. In particular the
invention relates to such a method and such a device according to the
Preambles ¢of claims 1 and 15 respectively
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DESCRIPTION OF THE RELATED ART

An effluent flowing along a‘pipeline from an o0il well is a

multiphase mixture of oil, water and gas. Accurate and simultaneocus

measurement of flow rates and volume concentrations of mixture
15 cogponents is important for control of the well operation.

Methods and devices for measuring these flow characteristics
accepted up to the present demand preliminary separation of gas in
special separators which are installed in measuring devices on the
territory of oil fields. This fact leads to considerable capital

20 expenses by execution of such measurements.

Techniques for measuring of the said multiphase flow
characteristics without a prior separation of gas phase are also
known. These methods and devices are based on various phySical

principles: difference of density and electromagnetic chéracteristics

25 of the components, interaction with gamma-rays and ultrasonic waves
r

and others.
RU-C-2138023 discloses a method and device according to the

preamble of claim 1 and to the preamble of claim 15 respectively.
With the prior art_pethod at one location along a pipeline, which

30 passes a multiphase mixture with constant flow velocity
. L)

" the acoustic
conductivity of the mixture is measured by transmitting acoustic



and counting these pulses if received by a receiver, 'and with a ratio 5 of
transmtted and received pul ses representing the anDunt of a phase1 &ﬁ mm@
m xture. In addition, at each of two locations the tine it takes for
pul se to transit through a controlled volune is neasured, said tine |s
cross correlated with that obtained fromthe other |ocation and then used
I n conbination with a value of the distance _ 10 between said | ocations to
cal cul ate the velocity Buring equi pment calibration using clean oil and

cl ean vvat t ul.se nsi through a.contraqll ed volune is
nmeasur e u!stgggu co SAYAC |1(L3Lﬁg #umear?tg#?afuﬁhr%otm)a FERTEd e
transit amldrrepusamgphm Pulsets [8tireceival yval eetéyvand sna/aliue @f rhbgo
crosg se ine.to.15 calculate the actual flow rates of

t f I
gas,>0i I° o1 h%%%%%&ed %59%%&2{8% BF LR DIEP L SROFEPBN R MBWeTe? PR2SE

whi ch aofpithel et eOOPrirsesidit@oh £Sit I CIdIORE tWhi ehcsadhdnad dena Ghange
of vel omtg f the flowwth resgect to.the flow velocity in |ocations
a

just bef"GrE3ah8%i # RULIF r&strrest SRR 3 FEPy roFbed ety Lse dEAsEEFEN

a presséagddiiher encerd \Wwatelatda! oA itINT bBLABASYT £bm the/Jiweyf or the
vol ume between the restrictions nust be determned 1n advance. By using

pressur OGP 8PeRRR Highdisedadsd FRBLIALIRD Witlea Yelvr qlottdie WaskRBCR| ow

rateo g eefwbendshed nideidRs WBASHT i@ stth%t '\r@l@é%§urlﬁzﬂ' ol @RAgRedt
first ap I‘QXI rrat,lon of the density p_of. 25 the m xture can be determ ned

A furt hEP1ABTREEOD U3l 6 3Pr awd%nd e VASRE, | hmentieralset tRRBSIT

conposi thedugh & heoritdlIWE S Lufi X1 4Imasdré@n ahBeu §68Sir i @apARatDWn ROrRf
t he conpone | ti phase m xture, the flow rates of the phases

nts of
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vel oci t wadti vhRod0ryriatidire vaagebeentwdhanged, sbbﬁio:h SofttRAApe@shil €bi ON,

t he, yvel ac asyr | tsel f ither is the velocity neasured at
a st&ﬁégxft?g?n{}h n%?ta:i %?LF’BnFa?‘?‘FStC’ge(?asa Bt LA i er ence at each
restriction mMPsR-DE68ARES Wdieskliaxeishar ghiloiphiaieeflotematétr N"En WHitH e -

m Xture 0 vel fromthe, one restriction ta the aqt|
restricti ggﬁﬁr o‘hﬁgr{;L PSS P hES HREC YR Hﬁéfﬁn%%crb(ﬁr\ﬁé’é‘ﬁet ﬁec‘s’ange of
restricwiednsitiecfethrifilow withl redpeaid to the APROR0dllociltly ibSlpatehons

5-287-7§%s€e§SELP§Sa£B<¥H”éa%hfQESE¥§5¥£EHP§%EBQc{16Q&y. For each

20 restriction a pressure difference between said locations is measured.
A value for the volume V between the restrictions must be determined
in advance. By using pressure difference signals and the volume value
V the total veolume flow rate g can be determined. By measuring .a
static pressure difference a first approximation of the density p of

25 the mixture can be determined. A further device is used to provide
one or more indications about the composition of the multiphase

mixture. Given the densities pg, Pw, Pg of the components of the

maltiphase mixture, the flow rates of the phases are determined. With
this prior art flow meter, at locations where the velocity of the

30 mixture has been changed, that is at each restriction, the velocity
is not measured itself. Neither is the velocity measured at a
distance from the restriction. Instead, a pressure difference at each
restriction must be measured to therefrom determine a time wich the
mixture takes to travel from the one restriction to the other

35 restriction. From said time and the known distance between the

restrictions the velocity is calculated.



rates of nultiphase fluids by neans of a set of capacitors placed on 5 two
paral l el plates which are arranged inside a horizontal or incli ngql AP}? 004
pipeline parallel to a flowdirection. In order to determne a water/o q
vol une proportion and a part of pipeline cross-section occupied by liquid
phase i npedances of a mediumlocated atifhe nonent in neasuring cells of
all elementary capacitors are neasured. A 10 velocity of the |liquid phase
is determ ned by nmeasuring and cross- correlation inpedances of -1 APR
2004 WD 01/ 987953LRETINQ%/. 99180 tary;capacitars |ocated in
matri x row si tugt ed in a part of ecgz?lég%gsrggt ?Bﬁlﬁ%cgﬁfegegﬁrq‘hﬁaﬂ%{hi ow
phase. PeYRY ov% tRigFinfase $1uddsebyi meanbyofeasieti RE PAPIYEotsPloEed on
St ruct Ufgd Q@hahi opsspEs t low.in the upper .part of the pipeline.
Vol ume flow(%fgat es of _Fh% 5’ ph‘gge{b APE® det Br IR %gﬁf-%‘g itht HOxCEBRABL L HEF
parts oin¢hingsd milbeddnecpasaliettion dlowpidedebyidhe I @radrand gase Bhases
of the flg p. d . has_ |imted sphere of application since
it can %)e %?gg%]ﬁ/e?gfﬁg‘gdpﬁ#’y yonanar?%t%rﬁ?ﬁ efit PLBRIIBYI FECSBREREELD a
type ofcegHRisidPpyaddadidpphaseninfedaonpanet s meé®iin lostRai BE0r10 A&kt

in this; p 5.3867.,911 describes an apparatus for sensing
fluid %Igﬁgl\%?gﬁfy?% Zée?gtr?du?? tlgt THR Be- e dCFREE TS FEt emeaphged. A
med8ur i YRLARAAYc eoff nebeidbbaatd | Phste ti® densatiney MaNgesh Mg shd cross-
pi pel i NEor QNG tdRWNshpeashtds ot her. The sensors may include acoustic 15
transducers or electrical conductivity (or resistivity) sensors. Each
sensor provides an output data signal, indicative of the neasured

physi cal property of a nediumflowing in respective sanpling volunes.
Qut put signals are processed in a circuit and are cross-correl ated. Since
a di stance between the sensors is known a 20 calculation of the flow
speed i s made. However the authors of the patent don't take into account
that a gas phase noves relative to a liquid phase in nultiphase flows.
Eur opean patent A 0684458 relates to a nmethod and a device for measuring
flow rate of multiphase fluids. The device conprises two 25 sections
situated at a distance one fromthe other along a duct. The



sections are inplemented in the formof venturis. Each section includes a
passage with different cross-section areas provided with neans fob APR 2004

i nduci nqvgog, pge of speed therein and a variation of dyn@_m C pressure
correspondi ngl'y. Besides the device i,ncludes 30 appropri e HEEHO1§0,,
measuring the resulting pressure differences. Two pressure difference

si gnal seDhtictitaed tApidErdl dobasPECLA e ma%etk i ANS sakBasulit Able ok of
cross-correlation to produce a third si Pnal representative of "a total

vol une FFOF PRCEIOM TS §Y BBt et ifuie PRas$ | dwiedpestof ohimased sanot her

pr essur et frfiee@nbs heaRrFRABHESEgd NtidheV @t B+, dRE 1T LOYs SEALiIQR ard the
signal that_is a function of the total mass flowrate Q and density p of
a mi xt urR® i 5% BPal R (1PRSTe PABE eC br & pi®edine eredemei Lo aratesd cEntheie

sectsi onpidsesa aTgr adt ormEtaking Yo E@c%uﬁ@cﬁﬂég:airw%sdéﬁp@&éa ilbB1&8ne
portion of a - | PR W) Q1/067051 PCT/NLO1/00180 vertical duct that has
const antrFOSECSERR| OFFURIES Prnthe Haieherengas miiser ehethatflor - pressure

di fference regy gaenbsed msild hakr esauf & dighbet epeeadataksoRr oA izenal
to a first approximation, to the density p of the mxture. In addition,

the 5 deift & EAEPGHEELY MSEGI 8nLY thMat3dd INSCTRE it floNarepinei Besidme or

nor e i ngli ot S el STIHQSIH HOBp&Es1die oFUkbhphast f bukfd: + | faiheh o wor ds,
determ nes vgl ynme or mas concentrations of conponents constituting the
flard. FPFEEesBoFrtaMa s the mass flow rate Q via parallel paths

dependi ng orgPamtennt 60867 WIAN deBergnss GoNt@phratusd FJPdRABL Ky (1820 a
first prqcessing.way i s used on the g}aﬁsis of a signal proportional to the

expr esSTOF SR aRd® LE9tl tg?’ép‘?fé% HEGe2 D (HHEVIBASE Yy Theof t he
m xt ur enedsizdagndept O£ 6ssilngesvay basedtad sesdgRabrrepg&santiatinvg of the
total volu flowrate and_a slj1 nag reprﬁsentative of the density E of

12 %a% & ic

the mixtHe s uded A5 R&ER2Enh R85t SRR T INEGhmey BrOHude gopds

nedéssaryartstucetrs thatledeviced wbtduatdrtityi (dypesieeiv-opg) Hhawera.snall
imied ran of flowrate

meacur s SenBEE, RN o SpRE difoe T buchSRRC RSB 1 cant |y
dependsnersugad pbynticel phraperhf | e eeddnmt Aowithgneasde ep@rdivaccur acy. I n
the desé!dé%?ﬁgd$¥i&£é§f“BuQ%ﬁtCQTEE%Esié%e processed in a circuit and are
cross-correlated. Since a distance between the sensors is known a
20 calculation of the flow speed is made.
However the authors of the patent don’t take into account that
a gas phase moves relative to a liquid phase in multiphase flows.
European patent A 0684458 relates to a method and a device for
measuring flow rate of multiphase fluids. The device comprises two
25 sections situated at a distance one from the other along a duct. The
sections are implemented in the form of venturis. Each section
includes a passage with different cross-section areas provided with
means for inducing a change of speed therein and a variation of
dynamic pressure correspondingly. Besides the device includes
30 appropriate means for measuring the resulting pressure differences.
Two pressure difference signals obtained in the said respective
sections are suitable for cross-correlation to produce a third
signal representative of a total volume flow rate. In order to
determine the flow rates of phases another pressure difference is
35 measured in a venturi type flow section and the signal that is a
function of the total mass flow rate Q and density p of a mixture is
obtained. One more pressure difference is measured in the section of

a “gradiomanometer” type. This section is disposed in a portion of a



cal cul ated but not neasured that al so decreases the neasurenent accuracy.
Using the device for nmeasuring the flowrate of oilwell effluents] APR i

cont ai Nniwi@eféteq oil may lead to clogging of its pressurq,cﬁﬂlr?q@f)fsg. 25
SUMVARY COF THE I NVENTI ON The presentsinvention provides a nethod and a

device for determ nation volune flow rates of nultiphase m xture
conponertsical ghgrta thekt han amsiapt pefasre secthout aypra.olnsepar ati on of gas.

30 the BRESENlo 1Y GILLED PLOVIARS MBAMUI0OLUIE. CONEBILLA. S _of the
nmul ti phase mXture conponents al on e portion of "t he o] perfl ne. The
i nvent istatat gorgmsoviedds £ fe nstdeodthahdi® pewioceiboal neasar £agst t he

above-nentioned characteristics of a |.ti phase nediumwith 35 different
Tyes. GPPFPERIA RS T0CER? Il B D MAGLTE! 1 b PESE B ol Mfeasur i ng
chapaciderisé | Osclafdeal bl et Withatéd fiof @Me suzes ®Hat0pasobDEdIT@NS:r 4 - |

APR 2004 Besi des the inyention secure onpactness of _the device and its
si mpl e 96Ft & llqattgzl.c’n?hgfaﬁwsﬁ'éﬁf’?o‘?]ftsedﬁ}eg%ﬂ"i%égh%ﬁee Aepfeviy Ottﬁ‘re&ugh t he

met hod wok@g, dedwyrinaki 001w WienkkoWwdrleet ratibhguwid oappRaed s and gas
in 5 the multiphase m xture flow ng al on 3 Ei el.ine according to _which
a neasPPAG T oW TSt e @TPRESS Y (HPEMTAEST ndtud@s St %O"bir%élei Re
secti ORSa patdlekdipaitis0a8spditinkhe oflegy idunitental ®igen ltheated dohts@iti €8 i n
the flow direction and having different flow section areas: F2 = k F1
(dit3nefefeppte 5 £5%) R H ISt WREACRSHAD "BYcREANYFPR B thBRePFbivadeédti on
area i 1.gniti angi if 21, qui h | ocity and
corresggHggﬁﬁﬂggqgkkggﬂg géz;‘ls:12 g’%gggs%ecingg {@L%n%! tghg§ ncllz;isauri ng pipeline
di vi si qepreferitat iwe2 phtWhhé edafrangi poOfthe mekative A eleachdl ypsafcegasng
i ncl usi ons ancgl of a real_ volune gas concentration cp in th? mxture is
¢ RESETve, 4

i nsi gni*PYcEAtee &l GuPaPTPdh HFESyE *Phir 8°FHoWBHEl THYS TS %al | oved

to derigna a8 5l epREsdRt SNk Ofk A1dnsq! gdp PhA sV Ak WPBre filsOWskat e for
the nul ti phase fl ow passing through the calibrated pipeline divisions:

15 when the gas content is high (> 65%).

It is necessary to note that devices with venturi type sections
have a small dynamic range and hence may be used in a limited range
of flow rate measurements. Besides, a flow rate factor of such
devices significantly depends on gas content that influences on the

20 measurement accuracy. In the described device the gas content is
calculated but not measured that also decreases the measurement
accuracy. Using the device for measuring the flow rate of ocilwell
effluents containing crude oil may lead to clogging of its pressure
takeoffs.

25

SUMMARY OF THE INVENTION

The present invention provides a method and a device for
determination volume flow rates of multiphase mixture components
along a portion of a pipeline without prior separation of gas.

30 The present invention provides measuring volume concentrations
of the multiphase mixture components along the portion of the
pipeline.

The invention also provides a method and a device for measuring
the above-mentioned characteristics of a multiphase medium with

35 different types of flow.

The invention ensures obtaining reliable data of measuring

characteristics of effluents with different sizes of gas inclusions.



Q k/(1-k)y F11 t'"a.= (1 - cp=) -- w.1 (1 - (pl} } . 20Agas vol unme
flowrate is determ ned by the foll ow ng forrrula Q@ = F1 Ws. '-QPAPRZZDﬁZ
W/. 2, q): 25 The real velocities of das phase wy, the vol une
concentrations of gas 9, the volunme concentrations of |iquid conponents,
such as r .\Wand, oil in the calibrated pipeline divisions are
det er m ned a? StE5RstHE P ?%&ﬁﬂ CeSUREPnGORRAPI 1aTF Pl thesdefichhand its
mul ti pgaﬁglélpg\kwﬁﬂﬁ-_}set of transducers arranged within the 30 nmeasuring
pi peline divisions along a radius of a flow section. These transducers
serve as enitep§oifonerbbPrRd Cegtugesuste cashignalds throusanphé ng tholdunes.
ot ai n Y I r.a i t.he | ti phase flo are, then
¢drvabtesmniad @Gl ARAAEL 8 f§¢%§ ﬁi&@&?ﬁﬂu

averaged over cross-section areas o dients 288 98%i &t ons.
Medsur khg mﬁltiwlarmlmlgaslr\eelfmowiiyg i aslcﬁ)gewtpagemyngrg)@@grﬁq,r r ebali 98n of

sensor_sign Rpler.s -1 APR 200A I\/Easurl ng of the
vol umemgo%%en (%1 g&gs%lgeéc’d%‘éﬂ a tpr"rPS&QHel R udesotwer PaRBLLRE C

conduc bectidn, alzf divhi%nﬁﬂﬂip lidsErptiviDAIS4 BSited B seridd & HBIWFbcibl Ia @SR ¢ Measuring
of the volunme concentration of I|qU|d 5 phase conponents |s based on

det er nﬁhﬁ#%ﬁn‘bff%qul&@oagea% rul=s dsFpalsk amhtenghy +g¥sgmm ¥ng.vol ume
since it wag, oup(d t@a% i,na, fluid guch as water/oil mxture the tinme of
si gnal pass Gshefids %p a%lf“’fri%ﬁnlgyolflﬁ ar F{P0 P eE3r8paFeR cirdcashe vol une

cdricensighi fisamf cHamgegCoIPanENgsid qdasd 883c8IW SR do¥RespdRal;
rrentlon d featfres are al so grow ded hy the apparatus for determ natlon

vol ume®F | BuWFrat B RPa76 (e OEoRE ehit rats SEESEF 19 RARE LidengéMénienand gas
of a liGli g-95s 2r§ulgﬂﬂr&a%a%ﬁ;ﬁlr§ffa{ Qg 3k 0091‘39111%‘6 RE iAg inc

measur i ng low’cCel I being instafled in a pi pel i ne me &85 f‘ﬂg 'f’gow cell
conpri aed ¢Hoa piged IWUmEVUBBOQGnCéIﬁ:Id!tSMS@dlm rtrsserzrlle&uta asflow

d| rect i gf{%ﬁl_hpg Iy rent. flo sectl on areas f% Ft (d| aneter D
%] iﬂ ngldr%g CE)J agg%?oéwas r?faPeﬂl’(%% oW 5‘°§? i PRfices
allowed to derive a formula for determlnatlon a2 liquid phase volume

flow rate for the multiphase flow passing through the calibrated

pipeline divisions:

b =Kk /(1 - k) P L oo (1 - 92) - wes (1 - 91)].

20
A gas volume flow rate is determined by the following formula:
Q =F wWg, 1 @ = F; wga- .
25 The real velocities of gas phase w, , the volume concentrations

of gas 6, the volume concentrations of liquid components, such as
water W and oil (1-W) in the calibrated pipeline divisions are
determined by means of ultrasonic sensing sampling volumes of the
multiphase flow with a set of transducers arranged within the
30 measuring pipeline divisions along a radius of a flow section. These
transducers serve as emitters and receivers of acoustic signals in
sampling volumes.
Obtained values of local characteristics of the multiphase flow
are then averaged over cross-section areas of the measuring pipeline
35 divisions.

Measuring of the real gas velocity is executed by cross-
cerrelation of sensor signals or by Doppler’s method.



significant changing of a liquid phase velocity and a real gas velocity in
the neasuring pipeline divisions ( wf, < w9,;) while 20 changi ng;of A
relative velocity of gas inclusions and of a real volunme gas conceﬂn § T (%n
cp ina mxture is insignificant. A volume flowrate of a liquid phase is
det er ni nedSFFuazinps pér e evofunegrastgens rofidheof apds gas epbasesyel ocity wo
by a fs Lnhel | i,on _occupied hy a |liquid phase (1 -(p) in the
£ orhEbhafl ’Eé%‘glcdorpng’fn{}g%&rsggﬁ BP’E)‘E‘P%’e"%ini%fi She: sexpiing vlpnes) F3
j wgoZ the-me@iym. w4, ~ Gas volune flowrate is determned by the

fol |l ow ng rmul a. 30 = F1 o - (pl = F2 W, 2 - (p2 . The real

vel oci ti es{h%raégglﬁhﬁggwnq rf\ékﬁ\F&euNE(—LEBﬁc%‘Pﬁ‘F%IﬁJEﬁfSiOprfgééqopd t he

\Bo| upbasencenmporénonsi Dibdseduiod aeTPAREM S oS ¥EN tafe 3B WAL {Is W and oi |
(1-\4\% 'hn the_cal ibrated pipeline divisjons of the pipeline are determ ned
by nE3AE®3f PRFE r BROME éﬁ‘ﬁsiSﬁg’P#beal VQHIMmESnCE APRW2808ouiD 0HEt0G 7051

PCT1H101408180 &s ofatdrey onul iRhase Eﬁ@vvcmt%fasﬁsﬁqagf Lransducers arranged
Wi t hin th&Engasuri ng pi pel i ne divisions along a-radi e section.

The BFPRE B LRRATY O &f PaoPeEhiogart \Eheovblymaetencestromised @f

det erwbBat tefipn&h©S Sréfidfledll eRul UNGhi QR of an amplitude 5 of a signal
of an acoustic conductiVvi té t ransducer. e two transducers are placed at

P fixed dilaneaténpedpierargs tane aller providéw: By mbhedisppatbens Tbe

acouge& rink ABELYS 0o GANSI Al 2688 SHA [{OlumeaRd, a recel ver of ul.trasonic
pul ses providi ng acousti ¢ i1 um'tngt ?‘gah $%}TUI1 é@%’s‘gr‘?ﬁ‘ffﬁgl‘?}bﬁ Lﬁ‘fE.L!llﬁJIJé'd

t ranSOUEERERRY BRd BRY o sl ianifrers amel tidha seevdkvete of 1 il e aiiethg

si gnal pipB1the §6e1$eiRN 4 FeeRbi-9n: e AN pRh RSt £ @ acppsti £ channel  of
the neter ,operates in the follow trglgf(l)\/\é/a};;;:':Evlé:I tbgég pﬁng%P#‘?%rﬁfé %ul se
genePaPELiBBneTh® TeRSUEHY fdovnwreld commrises coovpipedlinetdivd dicasoni
Il s@Ssphkkar inPassidd throughut Re é@{f%’éni; I t are received by

t he 15 receiver,. converlt ed i ntg thg VO taggid\[;&laggg? Q%F?ﬁnetd tglr?d' are sent
to aS§EAROBeREERDF Fmputk Rhi clameteonds ol hddk)byk st rlabe pul ses. The strobe
pul ses det&{mgq«%gaotfi rg_ef'hnt erval, during which a signal

ow sectlon area (when k = 0,5) induces
significant changing of a liquid phase velocity and a real gas
velocity in the measuring pipeline divisions { ;@J < ;@2 ) while

20 changing of a relative velocity of gas inclusions and of a real
volgme gas concentration 6 in a mixture is insignificant. A volume
flow rate of a liquid phase is determined by a difference of
products of the real gas phase velocity Wy, by a part of a pipeline
section occupied by a liguid phase (1 - 5) in the first and the

25 second measuring pipeline divisions:

Q =Xk /(1 - %) Fy [ Wez (1 =92} - w1 (1 —ou)].

Gas volume flow rate is determined by the following formula:
30

Q =F W, -0 = F Wq.a'a:-

The real velocities of gas phase:;@, the velume concentrations
of gas ¢, the volume concentrations of liquid components, such as
35 water W and o0il (1-W) in the calibrated pipeline divisions of the

pipeline are determined by means of ultrasonic sensing local volumes



reception is expected. A voltage at the input of the peak detector is
proportional to an anplitude of a received signal and is 20 determ ned ba/’
acoustic energy | osses in a sensor sanpling volume. Qutput signals! &R 2004
peak detveowoosrosione to a cal cul ator which determ nes a Cp@EENLEQTIK ati on
or an autocorrelation function (in ase of one transducer).and cal cul ates
the real local velocity of gas phase or liquid phase w thout gas. 25

Besi de® % r&eenrpbiirhadepfinti plied BoFsterf stranddugetor armamiad mgthimethgas

phase |Gl ryglogi ot sHRr Q¥ehs SENSIAGnE FeAldMP¥ ULt EARP UL 1BY! S€S
directed upstréeamthe flow may be used. In this variant emtter and

recei vers ar@€aP$éngiBbosdd opRsaHECR I PedSGrl raps piegering WtAiiens. 30

The prigaziedl 8nOfie ONG:ARE 980 OF &o‘@%@?‘ér%&tf&?ﬁ%ﬂ&%ﬁ%ﬁl MR{ Ghp1iSudased
on indication of acoustic conductivity of a sanpling volune. A si gnal

fr ofn a Afolat 8§enphl e sFeABPBFbiC jOTSUSt LY B urkragafiucer - ddissita®i ng of a

transnidda@kqaBdrd WY eaHEE8: a4 i xcB0BY §F £ N oREOUSEL S M1 38S oEREE N f he
sanpling vol unme through the 35 wavegui de, pass through the vol une an

t hr oughhg féesi §iFRFhidtegliheeacimtd ¢t bramedugeansansiers Wierma enbyter e

transf aied FotoideN st a8erasofitalpuilat Afdelaiagprhibisatd an 16RIES i @
peak detector. A strobe_ pulse forner opens the peak detector for a tine
whi | e e t8pgharPLingaApRIPRe | OB RGO EAHETD IR YPET| WETH /300 B0 epiteemiafy i s

expect @d rekkope t her &%_%liegﬁéc_@@ﬂ_{na@@ oHt e sdp@R38E on PFORYHilARako4. an
anplitude of the received signal comes to a conparator which conpares the

out put si gndi® &feFRECTRSAUSHCechdRNehiath thedraksy wPsaREeR iRVdIe set by a

former rof11divsRg i W NAtIORabE VR LseT ARoRUS PB1sY §BALrOfod NOeORBAER OF Ccones
to a calculator which determ nes the volune gas content in a nediumas a

rati o GMIEERE BIeryiPeBhate FHUSEHEE 1R HEl teaspri AP wdiasme A6t he ful |

time obalshenyg MERSIURITRRAE . sdMEL g REILRhE BeReeatbodi iy Wyt kASONIi C nMeter
of _volume 10 concentrations of |iquid conponents is based on determ nation
tihe OISy LBIEEERat B suVeeEa9hRItGIPsa 3ERpl iR PoduAEe ofens

mul ti phase bbaw &dteetolrt i Mest faurRE tBatontrdl1edi By Phesshe $3BedS The

strobe pulses determine a time interval during which a signal
reception is expected. A voltage at the input of the peak detector
is proportiocnal to an amplitude of a received signal and is

20 determined by acoustic energy losses in a sensor sampling volume.
Output signals of peak detectors come to a calculator which
determines a cross-correlation or an autocorrelation Ffunction {in
case of one transducer) and calculates the real local velocity of
gas phase or liquid phase without gas.

25 Besides the expounded principle Doppler’s method for measuring
the gas phase local velocity through sensing a medium by ultrasonic
pulses directed upstream the flow may be used. In this wvariant
emitter and receivers are also disposed inside the measuring
pipeline divisions.

30 The principle of operation of a volume gas concentration meter
is based on indication of acoustic conductivity of a sampling
volume. A signal from a voltage pulse generator is sent to an
emitter consisting of a transmitter and a waveguide. After
conversion acoustic pulses reach the sampling volume through the

35 waveguide, pass through the volume and through a receiving waveguide
come to the transmitter where they are transformed into a veoltage
signal that after amplification comes to a peak detector. A strobe

pulse former opens the peak detector for a time while the signal



water/oil mxture the tinme of passage of ultrasonic signal practically

|l i nearly depends on rel ationship of volune 15 concentrations of | i~quARR 7104
conmponerg@ of/e@asdl ess enul sion type. A distance between @ikt g0
receiver is chosen so that penetratien of large gas inclusions wth sizes
nore than 1 mmis prevented. Voltage pulses froma generator are sent to
t he ultqqméaﬁiéseﬁ$mQQ#ed\Mﬂmeh thoy meadcdesedopansestpihesigmelsti c pul ses
pass thyough gglsggn% r i ygr and are
transfg{r 0 t?ﬁto a vo tag g#%‘é\% O%ﬁghgg%ﬁﬁe%l g%(PB%f t%h\eég5 sent to a
conpar s@cgpaelny wrighewmpes corpauaror @munﬂi b@rthhepeakn§EWhpt@r t he
receptiaioh bhecslgnalcion bek PRG 8de Dnd RS e se
former that ensures ﬁ%oﬁhterggfﬁﬁbeglnnuh%%y o? dﬁgcifﬁ?EQEEBQ refdd.

Si mal t decusPytwiitndlorafi hget AeEARATEENGOPRE Ses 2acethehatdrorhialy a pul se
durat i %t'e§m§ﬁésva&ee%lmbsg%me'n% $hopngdRy, the,sianal o COmO% A rom
the conparator output. So the duration of the output signal is equal to
the tirg@sobhepe presenssniio shgnEmpddsy vebine He temi fuby timet hé theei ver.
Then the RuksSgehs. transformed into an 30 anplitude signal and cones into
cal cul ator which determ nes volune concentration of |iquid phase
conponent s. TReppgdasipte fehGPesAr heP it dldrageRtC Jemteyr o§r evsimeont r ol s
opgpat '&%c@ﬁtEQ@lé@ & lQEuLQC@AmﬂoIn@WtQa{§r@ﬂds oﬂgdé‘tem&tlgh Ze {s, W
aver ages these paraneters ‘over the cross-sections of neasurlng 35 pipeline
di vi si &fs PaRdagal ¢l ‘HiteeseBl tn feswthaPesh 6f Samghing pradsee e mﬁonents and
gas. ~ rhyABBr2004:1 HD O1CA6705 LEHLIHOLAOOLED 18 oBRL B FFSCBLEN| LN OF

FI GURES AND DRAW NGS Fl%gre a, . Configuration of tie multiphase flow
rate détes/opt opbsetranthri H”’E‘?\é’ﬁ‘ PAFEABE koo lithaspres ehtInadvent i on.

Fi gurep?racﬁkeghyuasg{@mgf d&p@ncgsa%npBaﬁsti&fsfﬂlpvgkosbwnermt er oS for the
variant of sequential |oCation of transducers. Figure 3. Voltage diagram
of 1Phe SMGRAF L PERIES L LLALEALCHIRGERN 8 BRFHALSEES BRREIE 9 tEPGurk 2.

Fi gure dh.stINBL Cod tfdrNeai tBe £ A55 1eREE 8L AL PRt EON A peRBE PARisH gnal s

of peak detectors.
of large gas inclusions with sizes more than 1 mm is prevented.

Voltage pulses from a generator are sent to the ultrasonic emitter
which forms acoustic pulses. The acoustic pulses pass through a

20 sampling volume, are received by the receiver and are transformed
into a voltage signal which is amplified and then sent to a
comparator being strobed. The comparator copens for the time while
the reception of the signal is being expected by means of the strobe
pulse former that ensures high interference immunity of the scheme.

25 Simultaneously with forming the emitting pulses a scheme forming a
pulse duration is activated. This scheme is stopped by the signal
coming from the comparator output. So the duration of the output
signal is equal to the time of the ultrasonic signal pass from the
emitter to the receiver. Then the pulse is transformed into an

30 amplitude signal and comes into calculator which determines volume
concentration of ligquid phase components.

A processor functioning according to set programs controls

operation of the meters of lccal flow parameters wy,i, Wg,2r P1, @2, W,
averages these parameters over the cross-sections of measuring

35 pipeline divisions and calculates volume flow rates of liquid phase

components and gas.



10 Figure 5. Block diagramof the |ocal gas phase velocity neter for the
variant of transducers |ocated in series ("'em ssion- reception” m)ge/_gf
Figure 6. Voltage diagram of the signal processed in the block diagr h 2004
present eWOW/0p70§Lre 5. 15 Figure 7. Block di agram of the PoOTALogemsphase
velocity nmeter while working of a pdir of transducers in the node of

autocorrel ati u i 1.00 L qur . Typical formof an

aut ocorrel at |BOEE%UQ§%¢]§#1{I§F‘J%EUF{)€¢% §H§| g I%;éak detectors. 20 Figure
9. Block di agiianref14haH.ocahfggsrohiase ofetosidul tiphete Mok & awar Kk fgcof
one transducer .in the "em ssion-receptjon" node.  Figure 10. Voltage

di agramp(%TOp?ﬁeeds‘flg " BESCEE%?Y’CF% Pﬁehb‘f‘ FHEGP g AR Prié¥ent ed in the
Figure 9. Fi qugerdl2. Alicasorlabathart fthiecthonpiaiemetal hee icitthemot put

25 sign (o] he peak detector .i.n.the variant of using one transducer.

Fi gu%e %Jf.r EP%)C aallaélg'rg SFTEFR- rlﬁgﬁﬁjr%n SSpSFaPB‘%u Sr of the gas
phase | ocal W¥éboréty. Veilgage dBagdympiofakhéosigmafl prepassSed nid keebboski

di agr am _of trasoni c .Doppler's ter of velocity presented in the Figure
12. 30 F‘Sﬁ%’é %3¢ é:c?gn%igv 9 Ht ggf the bl ock diagram of the ultrasonic
Doppl er' s netréguters mEgpicangfofmtdie agasophase deQadbon Veloediton. £5kgure 15.
Vol t age _di am of .a si.gnal., prqcessed in the block diagrampresented in
Fi gure fgltggg Fi nuarles Tg.pPB?]f)c E%(ﬁcggorrgm of the gas content neter in a

mul 1@ phase nifigure 5s Fivekediagrakicfutee1¥ocd) a@saphofe avsig@nal neogessed
APl 2004, WD 01/ 067051

in the Qlaoc iagr.am. o he gas _content ter. -1

PCT/ NLO%T%O%%% 2§ 1%r.arljg§“gcre§ﬁ1 g)?cad%er%&f‘pﬁ?r’sﬁ;n(é‘lemd‘ﬁstlﬂré“' peak

det ect oreceptgun'e nb8e) Bl ock di agram of the ultrasonic neter of vol une

e cobialte 8 (olsRORTAT R oF' BHE % fhia B0 2855 8 AN R %1 e
diagram presented in Figure 5.

15 Figure 7. Block diagram of the local gas phase velocity meter
while working of a pair of transducers in the mode of
autocorrelation function forming.

Figure 8. Typical form of an autocorrelation function for
output signals of peak detectors.

20 Figure 9. Block diagram of the local gas phase velocity meter
while working of one transducer in the “emission-reception” mode.

Figure 10. Voltage diagram of the signal processed in the block
diagram presented in the Figure 9.
Figure 11. Autocorrelation function form of the of the ocutput

25 signal of the peak detector in the variant of using one transducer.

Figure 12. Block diagram of the ultrasonic Doppler’s meter of
the gas phase local wvelocity.

Figure 13. Typical form of signals in the block diagram of
ultrasonic Doppler’s meter of velocity presented in the Figure 12.

30 Figure 14. Second variant of the block diagram of the
ultrasonic Deppler’s meter for measuring of the gas phase local
velocity.

Figure 15. Voltage diagram of a signal processed in the block
diagram presented in Figure 14.

35 Figure 16. Block diagram of the gas content meter in a
multiphase mixture is presented.

Figure 17. Diagram of a signal processed in the block diagram

of the gas content meter.



5 diagram for neasuring liquid phase volunme concentrations. Figure 21.
Second variant of the block diagramof the wultrasonic neter of wdl BPRe004

concent a4 o kSoAf 1 quid conponents. Figure 22. Vol tage pgirailoddodh @
signal for the second variant of thegbl ock diagram of the volune

concentration neter of liquid 10 conponents. VARIANTS OF THE | NVENTI ON

REALI SATI ON sGonfrie0us at by r8h & "Bagttond Eieveceld tat pdex appacabys for
determ nation volunme flow rates of |iquid conmponents and gas ina 15

mul ti phase MilgtgPelPs FlQskedeMEaN i9f FPGUPETIZSARG PPERF 1 HOLTRE.

measur i@ cbhepa£8bhs ok h1Rghad |@ehpbRtAtd, pi peline by neans of flange
connections. The flow cell conprises two neasuring pipeline divisions 1

and 2 di spodd@urg 38r i ExlbageadiaeRamiofedt FoRlaRFoRassed i £her BAPCK| ow
secti onyjaLean: £62 nred%u'vz:-}nﬁdlﬁﬁﬁtdebh@ge2@0%ekl:oncgﬁfraﬁ'ﬂ1%“se 1 k <1 holds.

Changi ng of a fl ow_ section area induces significant hangl ng of a liquid

phase vel ociftigugRd2a- rigfongasapraite VelFBEi PioTh diggra Utieng pi pel i ne

di vi si N rWsbA; £ Nee 0% 5@%@%@&@@@:5&1 o213 qlil Fod@bnéQrensure.
m ni mum hydr odynami ¢ di sturbance of the flow a 25 l%Iran5| tion froma first

di vi si on t o FA98&E80Rd- dVaAiteuendiadr #acE fosigmel ifeirt the T9Es ¥aeipbh area

F1 of thetpbpsiioge dlsagrraal bZ6Gel RLOUAE cdAaRRirhk 090 RiRQIH Be diyisd ons 3
and 4. Each sensor 5 and of areal velocity neter and a gas content

ms@%r iGe8PaEesta- set of transducers pl aced inside the neasuring pipeline
divisions along radii of the 30 sections. A sensor 7 of the volune

concentration neter of liquid onents compri ses a set of transducers
| ocat ed i n &PEAPNEY ©F ?%IWW@ r;gﬁ&émﬁé'fiﬁ i sions. To accelerate the

process of ‘Ucﬁlcfci;éﬁram% aNROOe: Midghis olyh8e 1T YIS AUE ChpSar@ludmesrand for
removal of araffin deposits the sensors are equi pped wth nechani cal

cl eani ﬁgtssmaﬁﬁhﬁyemip@%?l@ getepcoheht®tid CPHRORYHSORE 8RS Hstdl I ed in

sugh Ry phhad iﬁ@éﬁr%aﬁsb&ﬁ&@%ﬁ%@dfiﬁnﬁﬁdﬁenﬁés&ﬁd g gRiceelh ne
di vi si ons, ?or exanpl e, for execution of technical naintenance or

subst it uti ofhe I‘eAPerllfl\?\E ealbemspstelled into a pipeline by means
of flange connections., The flow cell comprises two measuring

pipeline divisions 1 and 2 disposed in series in a flow direction

and having different flow section areas: F; = k F; (diameter D; =

20 DVk). For Figure 1 k < 1 holds.
Changing of a flow section area induces significant changing of

a liguid phase velocity and a real gas phase velocity in the
measuring pipeline divisions with the cross-section areas F, and F,.
In order to ensure minimum hydrodynamic disturbance of the flow a

25 transition from a first division to a second division and back to
the initial cross-section area ¥, of the pipeline is realized through
transition pipeline divisions 3 and 4. Each semsor 5 and 6 of a real
velocity meter and a gas content meter includes a set of transducers
placed inside the measuring pipeline divisions along radii of the

30 sections. A sensor 7 of the volume concentration meter of liquid
components comprises a set of transducers located in a cavity of the
first pipeline divisions. To accelerate the process of viscous
medium change within the transducer’s volumes and for removal of
paraffin deposits the sensors are equipped with mechanical cleaning

35 arrangements or electric heaters. The sensors are installed in such
a way that they can be removed from the measuring pipeline
divisions, for example, for execution of technical maintenance or

substitution.



PCT/ NLO1 /00180 Let us consider separately the neters of nultiphase flow
paranmeters being a part of the device and a cal cul ati on nodel of the APR 2004
mul ti phase m xture fl ow used for determ nation of volunme flow rates

m xture YEhHOMMERLs. 5 A calcul ation nodel of a |iquid/ gas Pﬁirmuﬂﬂ!@ﬂl&here
gas inclusions of various size reprégent gas phase is used to determ ne
fl ow rates of phases. Averaged g éSI cal values are used in fornulas. The

real vol une d§hcift F%‘P?Jd??‘bfsepﬁ aLy ithet meters i mydsirhase ifdevwof a fl ow

is: 10 Dazalmefers bding a phi} shee Ebv-cé tdrth B gak SuBatCiRSfnoaefidOnRr ea
of thEI-tth eline divisions, 15 Fg =tpi F is a cross-section area

occupi edyighase Giyturei flogquged, fF‘F PeteWi‘é’laélFfl £ volumer §38v seatsisonal

ar ea ocwm&dtuﬁy ddn@élnént\é/e can Wi te |nstead of forrrul a(l): W, T =,
(2) 20 wg, i+ ere wg Q,i / Fi is a reduced
vel ogity of tphéabﬁ'éii)h’é%’b “}‘We@héf 2- JtW“ﬁFi}{)gPF rf@’ﬁi‘l\%’esi‘ﬂbﬁlie Yfere Qg.i is

a vol uernfcllq%csxaé & OlvatrhBugasi AasR rkBefheas?Phhst Ny PiR&ld e 4LV, %ﬁdﬁ%s

W, | Fi is a reduced velocity of the |iquid phase int
pi pennef vras?%sof whéres ¢y Ayejageq vawlf IVaeat erofugsse inj é@#@lﬁﬁase

in the I-thmbpséaxlev&lmeswaﬁéen@{aamnl oF (e ligds % 'thés:r.-atl{ eal,syel ocity

of the gas phase in the i-th pipeline divisions, where Qy,1 is a volune
flow ratsé"céﬁo‘f‘r'%f@asflﬁﬁaéé inthe i-th pipeline divisions; w,i =Q,i /
pis are %elogllpy of the liquid phase in the 35 i-th plgﬂine
dIVISIOI’lS éreQ( i$ a volume flow rate of the liquid phas
where

F; = /4 D;° is a cross-section area of the i-th pipeline
divisions,
15 Fo,i = @; ¢« Fy 1s a cross-section area occupied by gas.
Since F; = F4,: + F(,; , where F,; 1is a cross-sectional area occupied
by liquid, we can write instead of formula (1):
Wi

Q; = ! {2)
20 Wg,i+ Wit Woi /W,

where wgq,:= Qg / F¢ is a reduced velocity of the gas phase in the
i-th pipeline divisions,
where Q@ 4,: is a volume flow rate of the gas phase in the
25 i-th pipeline divisions;
Wi = Qi / Fy is a reduced velocity of the liquid phase in the
i-th pipeline divisions,
where Q,,; 1s a volume flow rate of the liquid phase in
the i-th pipeline divisions;
30 Wy,i = Qg,i / Fg,4 is a real velocity of the gas phase in the i-th
pipeline divisions,
where Q4; is a volume flow rate of the gas phase in the
i-th pipeline divisions;
wi,s = Q. / Fi,y is a real velocity of the ligquid phase in the
35 i-th pipeline divisions,
where Q. ; 1is a volume flow rate of the liquid phase in

the i-th pipeline divisions;



the i-th pipeline divisions; -1 APR 2004 and Ff,i = (1- (pi) Fi is 2%)
section area of the i-th pipeline divisions occupi ed by liquid. R 2004
besi des [ (1 - (Pi) , and wg,i = W,i + wg i
wg, irel %Oiéwggélvatl ve velocity of t gas phase in the i W%%@'fsﬁe 5
di visions, so we have: WO 01/067051 PCT/NLOL1/011180 11 wg, i (3) 10 Vg,
i+ (1 (R J Aggo r aly t l.at.i ty
of the falngWEo% gas1 E)pﬁ)leb gg %\&%iﬁ% ltf(ii gggﬁpfmtem tgﬁ @l éﬁq&g{el ﬁg%%@’%
connect ed vv|§h th rgal wyol urrvg cop(clentragt n.Ccp by the+fol . QW nIg
rel ati onshi O g‘ﬁ el LT AR G ’Plan)d g(4’) "Wet 'ovig, m V3" dver age
vel oci twy, 6f ﬁbeaimﬁa\tuduairebmmbﬂye ofl anéi dgs Lmlasbnllﬁ hignd rif-ithi pepéiine d
medi.um Real velocitie ‘I and wg, 2 in nmeasuring pipeline divisions are
20 ConrECEEIOWF t h°F %alPVE  vel ocities in the fol lowing way: W, 1 = W.1 +
W, 1Irel and rel Wy, 2 W 2 + W12 (5) Subtracting the first equality (5)
fromthe second one (5) we get 25 the followng equality: 30 wg,2 - W, |
AW ( W,2 -"®l1 1) + (wg,2rel - W.lre') , (6) which can be witten
the form‘PlArv‘g =W, 27 (L -_(PZy Wi 1/ (- 91) +wy,m gB?) - 1/ (1
%3 1 (7) Supposrf‘mg;thavr'zv\e have t he) f wh, L8 ng rel ati onshi ps F2 = kFI,
e

in
Pi

g_"‘_ I

According to experimental data relative velocity of the flow of gas
bubbles w,,;™ (group velocity of floating-up) is comnected with the

real volume concentration ¢@; by the following relationship:
15 We,i™ = wpe /(1= @) (4)

where wy,- 1s average velocity of the individual bubble floating-up
in the infinite liquid medium.
Real velocities wy,; and w;,». in measuring pipeline divisions are

20 connected with relative veloccities in the following way:
and  Wgz = Wiz + w2 . (5)

Subtracting the first equality (5) from the second one {5) we get
25 the following equality:

1 X
Wo,2 — W1 = AWg = {(we,2 — w1} + (w20 — Wga1'o ), (6]}

which can be written in the form:
30

Awy = wia /(1 =92) — Wi/ (1 — @) +wge [1/7(1 — @2} - 1/(1 —
91} ] {(7)

Supposing that we have the following relationships F, = kF;, where k
35 # 1, and taking into account that o, ; = Q. /Fi we get:
Qe 1 - 5] Wy, o 1 - By
A wy = [ - 1] + [ - 1] (8)
Fi (1 - @) k (1~ @2) 1 - 1~ @




35 :0 1, and taking into account that wt,i = Q&,i /Fi we get: X cPz W, w

-- 92

t aki ng

Il

rom

m

1--2ZPl Owg =[ - 1] + [ - 1] (8) F1 (1 - (pI) k (1 -- (p2) 1-_1cﬁ>p
-1 APR 2004 5 10 15 WD 011067051 12 since X,i = Q& It follo a
t he rel WPMEHIOBE (3) and (4) that EQ' =waq,i / (Wg,i ECWQIIOOISW,
PCT/NLO 1 /00180 (9) After executionldf appropriate transformations and
|nto accounhthat Q,i = @ weget: 1/ (P =1+ /Q@ +F W,.
Sbétltufngthe value Q = Fi (pi wg,i , where wg,i and (pi

I .

are vaI ues bei ng nmeasured we obtain: 1 + Ti (Pi Fi V\g i where fromG

111
Fi

5 fehotg frbe R}vagfﬁl#lo'%av%s| {58nate a He Hdted that in the ca

ettl?éf:ed that in the case

of statlonaryllqwd(Q: 0) it

5

10

15

20

25

30

35

Q= Woi/ (Wgi + Wiy + Wy o - (9)

After execution of appropriate transformations and taking into

account that Q,; = Q; we get:

1/ (‘Pi= 1+ Q! /Qg + Fi Wg,m /Qg . (10)

Substituting the value Qy= F; @; w,,; , where wy,; and ¢; - are values

being measured we obtain:

1 1 o Wy,
— =1 + { + b, (11}
P ©; Fy Wi Wy, i
Q! Wg, o
where from p; = 1 — - . (12)
Fy wy,i Wy, i
Consequently Qr =Fi [ wy: (1 - o) —wy, =] . (13)

It should be noted that in the case of stationary liquid (@, = 0} it
follows from the formula (13) the following relationship: wy; = Wg .«

/{1l — p;), what coincides with definition of the relative wvelocity

{4) so that in this case wy; = Wy ™
It follows from the formula ({13) that

Qu=F1 [ wg: (1 - ¢1) — wg, ] (14)
and

Q= F2 [ wyz2 (1 = @2) — 0y, ] . (15)

Having equated relationships {14} and (15} and taking into account

that F, = kF:, where kX # 1, we get:

Qe = F1 [ wgz (1 ~ @2) = wy,1 (1 — @) ] k7{1 - k) . {16)

So the volume flow rate of ligquid phase in the calibrated

pipeline divisions is determined according to the relationship (16)



25 follows fromthe fornula (13) the followng relationship: wy,i = g,
(1 - (pi), what coincides with definition of the relative veIOC|ty1 Aﬂ@ %

t hat It foll f the f hat
LR OmRE 0 Y ) s and 35 of = P2 1 wgra ot

ao | (15) Having equated relationships (14) and (15) and taking into

accounts,qhah E%Eagﬁied‘M@%ﬁevglé%fk1e@ea9§tvofghe cggcénﬂ¥btioﬁg of ¢&2) -
W, 1 (1 - PPl) 1 (16) So the volune flow rate of |iquld phase

in the Ri’élslebllat‘é%le e |ar1?é ahen%eicaﬁé Paa et idydripiedl iee sidiagore- tHe F:

rel ati angfisk, () exhbrABRi 2904 6)VW0e044H6.7051 13 PCT/N LO | /00180 fromthe
measured real velocities and Vol ume concentrations of gas phase in the

first and the second neasurlng plpellne divisions. If F2 0, 5F1 the

expressi on Q}Gi pecony Wg &% 3292) - Wi (1 1 FI)

(17) Besi des™'i t shogld’be not%a thai 0 velocity fefers shal
fix acoustic |nhoanene|ty of liquid phase and correspondingly velocities

wf, |l and mﬂ So the reI onshl transforns into the 10 fornula CI
M e e R B SR RoPrd S A2 BehPp=t AKER ARG O =

Vol une §HaQW £ ak eéc&is'd:ﬂcﬂlihﬁoﬂ lctgrraenﬁﬂs@cﬁrpaad@t@f&dnd&debyonahﬁ;ly
formulas: 15 Qoii = Q' (1 and (18) where Wis the
vol ume ERCeht Rt Yion 38R b(atersou ADE e |°§FBhP ”JBI e ForPs dtéCof e he

gag gphaggm 3248t & W, “e%,ly dhe .lffolpl Q%gng 1 egliat EQPﬂHo@rshlp takes the
form Q, = 0.
Volume flow rates of liquid phase components are determined by

the formulas:

15 Qoiz = Qr (1 — W) and Qe =0 - W, (18)

where W is the volume concentration of water in the emulsion.
Volume flow rate of the gas phase is determined by the following
relationship:

20

Q= Wy, 1" F1 -1 = Wg,z'Fz';(_)z- {19)

Figure 2 shows a block diagram of an ultrasonic meter of local

gas velocity wy; of a multiphase mixture. A circuit of the meter

25 includes: a generator of voltage pulses 8, a first transducer 9
connected in series with the generator 8 and comprising an emitter
10 and a receiver 11 (a gap between them forms a first sampling
volume 12}, a first amplifier 13 and a first peak detector 14 being
strobed. The following elements are connected in series to the

30 generator B: a second transducer 15 comprising an emitter 16 and a
receiver 17 (a gap between them forms the second sampling volume
18), the second amplifier 19 and also the second peak detector 20
being strobed. Besides, former 21 of delayed strcohe pulses and the
first and the second peak detectors 14 and 20 are connected to

35 generator 8. The latter peak detectors are connected to a calculator
24 and a display 25 respectively through a first and a second

analogue-to-digital converter (ADC) 22 and 23.
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detectors 14 and 20 being strobed. Simultaneously with transmitting
of the ultrasonic pulses the passage time of which is determined by
a distance between the emitter and the receiver by the fixed pulse

20 frequency the strobe pulses come to strobe inputs of the peak
detectors 14 and 20. The strobe pulses switches the peak detectors
into an active state. As a result voltage levels proportional to
amplitudes of the received acoustic signals are formed at outputs of
the peak detectors (see the voltage diagram shown in Figure 3).

25 After analogue-to-digital conversion in the ADC 22 and the ADC 23
the voltage signals are transmitted to the calculator 24 that
calculates a cross-correlation function (CCF) for the received
acoustic signals and presents it on the display 25.

Because of discrete structure the multiphase mixture is an

30 acoustically inhomogeneous medium. Hence an amplitude of received
signals will fluctuate. Acoustic diffusers (the major part of them
are gas inclusions, making the main contribution to diffusion of
ultresonic pulses) induce fluctuﬁtion at first when they pass
through the second sampling volume. As a result an amplitude of an

35 output signal at the second peak detector 20 changes and then with

some delay equal to time of an acoustic diffuser pass from the

second sampling volume tp the first sampling volume 1, an amplitude

of an output signal atthe First detector 14 also changes. Statistical data .

-
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Figure 4. Anot her variant of acoustic sensing nultiphase m xture b
In this wariant the velocity meter consists of two identica

electro—-acoustic channels, each one contains the following connected
in series elements: an acoustic sensor 26, an amplifier 13, a peak
detector 14 being strobed, an analogue-to-digital converter (ADC)

20 22 and also an electric pulse generator B8 connected to the sensor 26
through a sampling volume resistor 27 and a former of delayed strobe
pulses 21. The former 21 is connected to a strobe input of the peak
detector 14. Outputs of the channels are connected to a calculator
24 and then a display 25. Acoustic sensors are located inside a

25 pipeline so that a flow 28 successively passes at first through a
sampling volume of the first channel and then through a2 sampling
volume of the second channel.

The meter operates in the following way. Electric pulses from

the generator 8 are transmitted to the acoustic sensor 26 where they

30 are transformed into ultrascnic signals and emitted into the flow
28. Then a part of acoustic energy reflects from medium diffusers
and comes back to the sensor 26, is amplified by the amplifier 13
and transmitted to the peak detector 14 being strobed.
Simultaneously the delayed strobe pulse from the former 21 is

35 transmitted to the strobe input of the peak detector 14 (see voltage
diagram in Figure ©). The resistor 27 executes uncoupling of an
output of the generator 8 and an input of the amplifier 13. At the
output of the peak detector 14 the voltage level proportional to an



measuring of a local gas velocity is also possible. In this case two

| ocated in series acoustic transducers which operate in the node -1 APR 2004
"em ssion-reception” are used. The illustration of such a decision &53 i'S
present edpbmodfogure 5. In this variant the velocity neterpEoRedaingsoof two
identical electro-acoustic channel si6 each one contains the follow ng
connected in series elenents; an acoustic sensor 26, an anplifier 13, a
peak depbettade B dierage stededinadnisanéd ogide- romdi gf ttale carvpet Qi1{eADC) 20

22 and 0] l.ectric,_puls enerator 8 connected to the, sensar 26
t hr ougﬁggggaﬁ% E‘:atr'iﬁrevo utf‘rlg” rpeugis%t 8% %edleé:aftﬁgfnért”of(sagl g&/%"lfests:)obli
pul ses s2t. tdhind dmter a2dourst gaszagtetinsd f theobet tagudiOfsighel peada

det ect %é\elg" S%Jt %ut ihof thel.(%lhar‘lrn:ilﬁ1 are g}onnect ed to a calculator 24 and
then a GFspPalF25° ARDUEFTRIGHISHEer ] fé5Fed i nside a 25 pipeline so
that a fl owA28ignel esgilieiuyle passese anthit st f tireopghkadesasdd ng vol unme of

the first channel and then through a s ling,.volu of the second
channelf.ﬁ'u’?ﬁ%%‘freest EFCSpErAT e i 3“?%I$€\%cﬁ§gﬁé§. dJE#%csterrisc *Bufses from

t he gesemplimg &cAueet r aivsee tihed diditheracaustiret SeasoOrcdoushetge t hey 30
are transfornmed i.nto ultrasonic,signals an mtied intqg.the flow 28. Then
a part SSPpgi%s%qlé’mgng oF e%r&?t SQF?%Tm itﬁﬁ{ld{jﬁﬁ}égg’r 3heaﬁam%%fb% back

to thevsénseroR6 hei seaoqd i fdrmebrbyht heaxanpir bnethd3r Gow itsr #nsmedt exbt 0 t he

peﬁé; detector 14 being strqobed. _Sinultaneously the del ayed strobe pul se
from t REUABF el 91 FRISIFERIGHE PR G ChBes3Fbbhe S ASLETBI Y hYpeak

det ect pasddgd SQeeV okt 898 diH ARG FholitHY &i8kt Joesdreticstle gdc@xecut es
uncoupling of an _output of the generator 8 and an input of the anplifier

13. At OPRe 2 GIRYAGE TS OF HE$ EHIE THERER t INLEADERe L) of (BRFE e vié| ABF ST donal
to an pyleAPRAQRKinOOHGA051 PCT/ NLOL100180 16 anplitude a of
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pul se of the generator 8 to (see Figure 6) is set taking into account
papsage ting ob yhe wltrasonic signal from the sensor to the sanpling
volume and back. 5 A Signal anplitude at the output of the peak detector

where 1 is the distance between the first and the second sensors,

For calculation the CCF signals from the outputs of the peak

detectors of the first and the second channels come through the ADC
20 to the calculator 24. Results of calculations are shown on the
display 25.

Besides the above-described variant the local gas velocity
meter can be implemented using one transducer with a pair of emitter
and receiver of acoustic signals and also located inside the

25 pipeline. The emitter and receiver are placed opposite te each other
and form a sampling volume. The distance between them is chosen so
that a mixture freely flows through the sampling veolume. By an
acoustic diffuser passage through a gap an ultrasonic signal is
damped for a time equal to the time of the diffuser passage through

30 the sampling volume. On the basis of these events an autocorrelation
function of output signals is formed and the time of the diffuser
passage through the sampling volume is determined. Illustration of
this variant of the local gas velocity meter is shown in Figure 7.
In this case the circuit contains elements connected in series:

35 electric pulses generator 8, emitter 10 acoustically connected with
receiver 11, amplifier 13, peak detector 14 being strobed, analogue-
to-digital converter (ADC) 22, calculator 24 and display 25. The

generator 8 is also connected through a former of delayed strobe
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passage through the sampling volume. Autocorrelation function
determines the average time for statistical sampling of data. A
20 typical form of the autocorrelation function is shown in Figure 8.

So the local gas velocity can be calculated by the formula:
Wg=d/T1,

25 where d is a linear size of a piezotransmitter plate in the flow
direction,
T; 13 a main lobe width of the autocorrelation function (Figure
B).
One more variant of the local gas velocity meter is also
30 possible. Its technical realization is shown in the Figure 9. In
this variant a circuit of the velocity meter includes the following
elements connected in series: an acoustic transducer 26, an
amplifier 13, a peak detector 14 being strobed, an analog-to-digital
transmitter 22, a calculatoxr 24 and a display 25 and also a
35 generator 8 connected through a resistor 27 with the transducer 26
and connected through a former of delayed strobe pulses 21 with a

strobe input of the peak detector 14. The transducer 26 is situated
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the peak detector 14 is proportional to an amplitude of the received
signal.

The time of delay of a strobe pulse t, (see Figure 10) relative
to a generator 8 pulse is set according to the time of ultrasonic

20 signal passage from the transducer 26 to the sampling volume and
back.

A signal amplitude at the output of the peak detector
fluctuates according to emergence of acoustic diffusers in the
sampling volume. To the first approximation the time of fluctuation

25 is equal to the time of diffuser pass through the sampling volume.
Under condition that the sizes of diffusers are much smaller than
the size of the sampling volume the local gas velocity can be

determine by autoccorrelation of the signals by the formula:

30 we = d/ %,

where d is a linear size of a piezotransmitter plate in the flow
direction,
7 is a main lobe width of the autocorrelation function (Figure
35 1.
Besides the above described variants another implementation of
the ultrasonic local gas velocity meter using Doppler’s method of

velocity determination is also possible. In this case the emitter



I nside a pipeline so that nultiphase flow 28 crosses an acoustic field of
the transducer 26 perpendicularly to the flow direction. The meter -1 APR 2004
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propertional to a velocity of acoustlc diffusers approach to a

transducer is determined and then a local gas velocity is
calculated. Results of processing are sent to the display 9. Signal

20 processing in the circuit is shown in Figure 13.

Another wvariant of technical implementation of the ultrasconic

Doppler’s local gas velocity meter is demonstrated in Figure 14,
Emitter and receiver with linear sizes up to 3 mm are also disposed
inside calibrated pipeline divisions at a fixed angle relative to

25 each other. Measuring circuit of the meter contains a voltage pulses
generator 8 connected to an emitter 10. A receiver 11 is joined
through an amplifier 13 to a phase detector-multiplier 29, its
output is connected to a “sampling-storage” block 30. The second
input of the phase detector 29 is linked to the generator 8. An

30 input of the “sampling-storage” block 30 is connected to generator 8§
through the former of delayed strobe pulses 21. An ocutput of the
block 30 is connected to the calculator 32 and then the display 25.

The meter operates in the following way. Veoltage pulses from

the generator 8 are transmitted to the emitter 10 and induce

35 acoustic pulses propagating opposite flow direction. Pulses
reflected from acoustic diffusers mainly from gas bubbles come Lo
the receiver 11 and through the amplifier 13 are transmitted to the

first input of the phase detector-multiplier 29. A high-frequency
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i nsi de cali b%ttreaﬁqmlgeganecmmm oasent (zed iKauranyble geeitatnveatw 2Hgeach
other. MPASW LRACCLEGH!d QhobBecdel£edi0LaL0% R HalLage pulaRe, ggnerator
ecte

8 conn an emtter A receiver 11 1s jolne
arrpl i f i epousticgliyphirkedidioeet seceinay rillrreanzgnpliltfseroaﬁ putd S p@ehnect ed

Lo T, PASRLAg suopagty ARKaI0mINBReaond o NPl 8] bhge AP fodg o0t of

t he geherator 8 input of th npl 1 ng- storage
bl ock 3ott@3ecenneéte€| the geakr debect®r Sdr ehghuqfh@ fforrmer of ddlagpdd st robe

pul ses 2o AN ouLRUE 3 9f dmutbtec&é%eﬁ agegefsﬁqst (iftfllsgdctac! qulatar, 3

and then the display . The neter operates In oW ng way. Fta e
pul ses inRip of a flrst comparator 36, to an inverse input of a second

comparator 37 and to a calculator 24. Outputs of comparaters 36 and
20 37 are also connected to the calculator 24 and then to a display 25.
An inverse input of the first peak detector and a direct input of
the second peak detector are connected to a first voltage setting
device 38 and a second voltage setting device 39 respectively. The
emitter and the receiver 10 and 11 are fixed one against the other
25 forming a sampling wvolume 40.
The meter operates in the following way. Rectangular voltage
pulses produced by the generator 8 are transformed by the emitter 10
into ultrasonic pulses which are emitted into the sampling volume
40, reach the receiver 11, are transformed into voltage pulses and
30 tramsmitted trough the amplifier 33 to the peak detector 34. A
diagram of the signal processing in the elements of a meter
measuring circuit is presented in the Figure 17. At the output of
the peak detector 34 a level proportional to the amplitude of a
signal being received at the moment of coming of a delayed strobe
35 pulse is formed.
The amplitude of the signal being received is determined by the
gas volume concentration in the sampling volume 40. When the

sampling volume is filled with liquid without gas inclusions the



the generator 8 are transnmtted to the emtter 10 and induce 35 acoustic
pul ses propagating opposite flow direction. Pulses reflected froml APR 2004
acoust i gu@ofbdsgers mainly fromgas bubbles come to the rgseiVslvolsh and
t hr ough tﬁe amplifier 13 are transmijjted to the first input o #eﬂ phase
detector--multiplier 29. A high-frequency APR 2004 WD 01/067051

PCT/ NLGuiif 0t 8@ e20 £ shgnsa:lgrfarlomseﬁ.he gamdvatior s 8at snasenimt and hehes @odndge nput

of the etector 2" fre ] I romthe et ect or |s sent
to the éjsarrptl ﬁlglesf%‘?% eq\{% ockgﬁgg%ﬁilrgﬁar é%l Si ttg‘ ghené’IO%' 9 ?
i nput athd leetimingntisvdde t381e(Udet eTmameddoges hectuamaoposft tlon amﬁnptalnetSr

del ayed tro pul.se fromt.h forrre 21. S ectr cess of the S|gnal
fromtheé séﬁ%lolnﬁlgl;ngto aagfie"l 1V1 %{) losglexe aitIF")l lt%ﬁeou%%%c For

wher®e t hegiBopploerlsis rseueney tpeo«pmldul@rtalr Eé) aﬂn:e lsappnsadélracblb@cmhy of
acoustic dlffuser?glto the transmtter is isolated and a | ocal %

vel oci t PYIEEPEUFAL BY. 2 FESIPELOB Y i PG BeLIMRy SaNEeLhbAh Yh 4 Fe Odi spl ay

25. Signsde FiQeeesing. i At ofCHAS UinciuSi8AOWN i ) felaQUing] dBohddet Fasani ¢
gas content neter (see Fi ure 16% contains a voltag pul ses generat or 8

connect ¥tf [ LEFRPRE 237 7 ﬁiet Parh ke ss\APEnIFRa e i 8aP15F 9TKEd to a
recei vesampllingnvalhé fA®r whanaBBe asPRAK oE5baieh BES U %ésbﬁl\m;gs sikicebad. The
gene ator 8.s aI so connected to_a robe input, of the geﬁg detector 34
t hriought% fdéfePfofReet ngs?%%eﬁ'&i s BEORBIAHAD L 5Pt W G5EQR et ect or

i's |inkeshdes asdtbeslly ivipdkeal, Bhé Ia(r@tl.lﬂ?:QHEadSﬁtthe %@gnhD wdlirighver se i nput
of a second arator 37 and to,a cgil cul at or ?]gf conparat ors

36 and E?Fesl'?’eﬁlr TIRHSRGhTE: Ce B B Th &b SR e Y 24 3Eﬁ) TG4 di spl ay
25. Anand\éersethfpulewil tdte thier Sﬁtppfcak:fdeh@qb@ik akdeatdrrectis aped of

t he second peak detector are_copnecte rst vol.tage,setli devi ce
58 and BLBERE ATt £ AUEL Wb et FROCHE i e 58 Peehiid e FheUAn Lher and
t he s eceiercat@ and ddmlﬁxatfdrxed atenzagal AsH pfte:m:telsean Phdfvdradang a
sanpling vol une 4 ter rates in_the % oW n Rec ngul ar
Vol | agetodidi SEnAF SRR he ERncracoi=ba +f (Hans POF HEL B, Sk B ¢t er
10 i nt@agjlvtorl@ﬁgnbgn@éﬂt%&lM| gh=are emtted into the sanpli ng voI une
When the sizes of the gas bubbles are smaller than the size of
the sampling volume 40 an output signal amplitude of the of peak
20 detector 34 ranges from Ul to U2 (see Figure 18) and is described by

the following relationship:
U=0m™ exp (~k - ng * dp?) , (20)

25 where
U** is an amplitude of the signal when the liquid phase fills
the controlled volume, '
k is a proportiénality factor determined by geometric sizes of
the sensor, by the ultrasonic frequency and so on,
30 n, is concentration of gas bubbles,

dy, is diameter of gas bubbles.

Taking into account that the concentration of bubbles changes
continuously in the sampling volume owing to the mixture flowing the

35 signal amplitude also fluctuates. Number of bubbles in the sampling
volume is determined by Puasson’s law. So through the measurement of
an average value of the received signal and of its dispersion values

n, and dp are calculated using a known mathematical model by the



40, reach the receiver 11, are transformed into voltage pul ses and 30
transmtted trough the anplifier 33 to the peak detector 34. A di?Q@ﬁ@MEf
the signal processing in the elenents of a neter nmeasuring circuit IS
present eWQ WA gure 17. At the output of the peak detP&Ed{NJ01489184 | oy
proportional to the anplitude of a é?gnal bei ng received at the nonment of

com ng qQfy12.delayed Sirh@bgo dRe P S&ohechOr 1B+ E0ai AER! A4 aE therne

signal being received is determned by the gas volune concentration in

t he sanplarAgléol ume 40. ‘Wen the sanpling volune is filled with liquid

Wi t hout gas inclusions the -1 APR 2004 WD 01/067051 PCT/ NLO1/ 00184 21
anplitude of the signal being received is at maxi nrum and the voltage

| evel at the input of mpddk detéctor 34 is higher than the voltage of the
settbng devi g¢ 3B N(Ul}—Fhat i-rduges actuation of the conparatorzi)36 and
form ng of an individua |ogicvsignal at its output. The 5 logic signal is
sent to the calculator 24 and is considered by the calculator 24 as a

situation with gas volunme concentration cp = 0 (see Figure 18). Sizes of
gas incPE?FSngvi%Fe#ﬁ?e&ﬁmﬁgﬁ??ﬁﬁﬁégmﬁlOM/ are different and can be both

| ess and greatgr=thanvaisi Zemfbdrher sedhiblg e¥okimehedl Gampheng tl diezes of
bubbl es or gas plugs exceed 10 the size of the sanpling volune the
proﬁﬁgation of the ultrasonic pulses is totally blocked, the anplitude of
the signal bahaggakesgiseddidEntirabesn ti aamiend v teleentaesb it ianl evel

of noises, and. a voltage,l evel at the qutput, of the peak .detector 34 is
2l 5o i oenin aHiE TS I5BRoRP At U5 £ L Lof SEHETRRE: RY GBS KR S50EAIE T I n 15
this case the conmparator 37 actuates and produces an individual |ogic
signal considered by the calculator 24 as a situation with a gas vol une
concentration cpt="1¥t\Whém the sizes of the gas bubbles are smaller than
thelsi ze of ¢t ke—sanpting vol ume 40 an out put signal anplitude @2)the of
peak 20 detector 34Tranges fromUL to U2 (see Figure 18) and is described

3%er;he fo"QML”91&9k9HiQﬂsﬁkpiiHe=o£JJGB&AE&Bg('w%er@b db 2) , (20) 25
t, is a period of time when the gas inclusions are absent in
the sampling volume,

20 t, is a period of time when the gas inclusions presented by the
bubbles of big diameter and also the gas plugs are present in the
sampling volume,

t; is a period of time when small bubbles are present in the
sampling volume.

25 - The size of the sampling volume is chosen according to
conditions of either technical implementation or application of the
sensor, as a rule the size is smaller than 1 mm’ .

" Block diagram of the ultrasonic meter of volume concentrations
xof liquid components is showﬁ in the Figure 19. A measuring circuit

30 of the meter comprises a generator of voltage pulses 8 and the
following elements connected to it in series: an emittér'lo

-acoustically linked to a receiver 11, an amplifier 41, a first
comparator 42, a first element 2& 43, a first RS-trigger 44, a
.second‘élement 2& .45, a second RS-trigger 46 and a “duration-

35 amplitude” converter 47. The generator 8 is also connected to a
former of delayed strobe pulses 48 and to the second inputs of the
RS-triggers 44 and 46. The second input of the first comparator 42
is linked to a voltage setting device 49. An output of the amplifier

41 is connected to a second comparator 50, its output is linked to



Tmax is an anplitude of the signal when the liquid phase fills the
controlled volune, k is a proportionality factor determ ned by geom?tl{Fch?Om

si zes Okyg bilGs76Qnsor, by the ultrasonic frequency and so g &Q E
concentration of gas bubbles, db isydianeter of gas bubbles. Ing into

account that the concentration of bubbles changes continuously in the
sanpl i mgevadacnsmi dwipng b6 the sHocdndr elémeowi 2g the Bb wsitgnal oanyid t ude aI so

fl f .bupbl h d
St U9 R YRR 8 A AN GHIP Mokl VP b SERELT DRECDY

Puasson s measur enen

recei ved shgnéﬂranélementszdltsaoer5| on val ues nb and db are cal cul ated
using a kno% nathe@al;t |a% rrggel by tehmo /0670§ 1b§f 004 PCT/ N
LO1 /00180 Tt ?ator ZI°°The Vo 1éas donfle 'f’°+ é'zt m R&d

acchr diopgos bt¢ hehe fodlhm:ll ’ahu.=9 8 ming &OSa(rrﬁal;nbl Bo Minje (521) where Vis the

sapl | g volye, N 5,008 Vi 3,2 BUTSL, gl 116, ubbbes | h 4 1S saupl i g

vol unme. The gas dase vari abre compositron of
t he gaiornméumramh eleaeidd o |t$1edeam.‘mnge&obylne He2 .rel ati onship: t 2. 1+t

3(3 15 cp ~The ufgrasonlc me%er 3? lume co%cén%ratlgxeéggkég%s @Qe£he
following way.

10 Rectangular voltage pulses produced by the generator B are
transformed into ultrasonic pulses by the emitter 10. After passing
through the sampling volume 52 they reach the receiver 11 and are
transformed into electric pulses. Then the signal through the
amplifier 41 comes to the direct input of the first comparator 42.

15 Simultaneously with sending the voltage pulse the first RS-
trigger 44 is switched into a state “zero” and the second RS-trigger
46 - into a state “one”.

Since an inverse input of the comparator 42 1s connected to the
voltage setting device 49, actuation of the comparator 42 occurs

20 when the amplitude of the received signal excesses a set voltage.
Pulses from an output of the comparator 42 are transmitted to an 3S-
input of the first RS-trigger 44 through the first element 2& 43
being strobed by pulses from the output of the former of delayed
strobe pulses 48 and switch it into the state “one” (see the diagram

é5 of voltages in Figure 20). A time lag is determined the by time of
the ultrasonic pulses propagation from the emitter 10 to the
receiver 11. Using a delay element excludes false actuations of the
meter stipulated by electric and acoustic nolses.

Since one of the inputs of the second comparator.SO is

30 connected to the ground wire it produces voltage pulses every time
when the amplitude of the received signal crosses a “zero” mark so
fixing even a weak signal (see Figure 20). An output signal of the
comparator doesn’t depend on the amplitude of the received signal.

A signal from an output of the first RS-trigger 44 transmitting

35 to one of the inputs of the second element 2& 45 permits a passage
through it of the signal from the second comparator 50 which
indicate that the received signal crossed a “zero” mark. The first

“zero” mark crossing induces actuation of the second RS-trigger 46



ti is a period of tinme when the gas inclusions are absent in the sanpling
volunme, 20 t2 is a period of time when the gas inclusions present Qq MTUUF
bubbl es of big dianeter and al so the gas plugs are present in the

sanpl i n"OOL/MGY851 t 3 is a period of tine when small bubbl esCENEOOESENt N
the sanpling volume. 25 The size of24 he sanpling volunme is chosen
according to _conditions of either technical inplenentation or application
of the tEnsyitching %IlétPhez%‘f%esit§t§na'?1}eerv°g?elaﬂe 1PWhEE BITGCRedi 3Yr am of
the ul tKA&0RLEaPESRY Plopwet UsBa Lo pakEaGé Olisne 6F Lh&Uh Tk IHPABEPh Bsd S
shown in the Figure 19. A neasuring circuit 30 of the nmeter conprises a
gener at ot thgofThigeepdlsEs Bhanmrdstder ol Ach§oBl EndtReE Sfnected to it

in serigSiradBnehl i NeslAmpacouedd Calnky thakedui@ed Le€6tVAstbimedNin
anplifier 41, a first  conparator_ 42, a first elenment 2& 43, a first

RS- fri g #Bvertesdihidtal aieHtPUEUAs, sLInadc BRAPREL 1 P1Yye® 46%4Rd a
"duratiQrat3oagPhhidda’s ¢onNehiefedt fo The @anRNater &nd st sengeppected to
a forner of del ayed strobe pulses 48 and to the second i nputs of the

RS-triggers' IMAhgngeasnd THE ig8toRd Frp it FoRSPRES MSTEE SonBatHor 42 s

l'i nked ¢shc@nteht 8ges sAt 11801 devbhie 9t sAls @UtHghiref 21 hes arqldalgeer 41 is
connected to a second conparator 50, its output is linked to --1 APR 2004
WO 01/ OWPgPé?ﬂ\E@l]f%GTQée?gnt?%é‘sséCBﬁﬂkicﬁaﬁﬁCtaf thePe DG raPetent 2&

45310An PP gt hE | fresMBRpef Oelyadcséd ahe tpul se6pd8 45 thennected to
the second input _of the first elenment 2& 43. The emtter_and receiver are
mount ecPTRid1€80f L bGHy IFPPBNENPYE dpddnked e tHenartRRLCF fE FgTReT

sanmpl i nge UleUBB]1 Bed HIE cb@ObuDOEY Bl ang efUIRRd BY endeddiad de3eatsran
el ement 54 for mechanical cleaning of the sanpli ng vol ume 52.6%he
0 :

ul t r asor ¢ SmEeBReEFed doufrBecBRERM rBPPEnObpdttatié S SEnCP AT H Y 8% ng way.

10 Rectandiar avobiadaR Rulsesrpse@duced by the generator 8 are transformed

into ultrasonic pulses by the emtter 10. After passi n% ,
15 The voltage sétting device operates in the following way. A

voltage signal from the amplifier 41 is transmitted to the peak
detector 55. Simultanecusly with a time lag determined by the
passage time of the ultrasonic pulses from the emitter 10 to the
receiver 11 the signal from the former of the delayed strobe pulses
20 48 comes to its strobe input (see Figure 22). As a result a voltage
potential equal to a maximum value of the signal amplitude is formed
at the output of the peak detector 35. The voltage signal passed
through the divider 56 is damped so that secure actuation of the
first comparator 42 is guaranteed at the selected half-wave of the
25 signal by its variations due to changes of the controlled medium
properties and temperature and owing to aging of measuring circuit
elements an 50 on.
The use of such voltage setting device permits to support
automatically the level of the comparator actuation by significant
30 (10-fold) changes of signal attenuation in the medium stipulated,
for example, by emergence of gas bubbles within the sampling volume,
by change of dispersion of components and by other reasons.
The operation of the meters of local values wgi, Wgz2, @1, ¢ and
W is controlled according to a set program by processor. Time
35 averaging and cross-section averaging of the calibrated pipeline
divisions of the above indicated values are also executed by means
of the processor. The volume flow rates of the multiphase flow

components such as liquid, oil, water and gas Q,, Qs Qus Qg are



t hrough the sanpling volume 52 they reach the receiver 11 and are
transformed into electric pul ses. Then the signal through the anplli AfRetl:
41 comegyd Pidchgsdi rect input of the first conparator 42. P],_!‘},,l,,?]i_d“ﬂ‘bb;saneousI y
wi th sending the voltage pul se the fysrst RS- trigger 44 is swtched into a
state "zero" and the second RS-trigger 46 - into a state "one". Since an
i nver sSgokapEdr Qfetlhti fOMNRIARIAL N2t b StIOMmeRLeds t @ d,hes, vabl age taf ting
device 49, actuation of the conparator 42 occurs 20 when the anplitude of
the reP&PYeHSignal excesses a set voltage. Pulses froman output of the
conpar at or 4Roafle tHansweht esh tdd R iBedi NPUardh ctiber f fdistuddSwiithgger 44

through the first el enment 2& 43 _beiqg st robed by(ful es fromthe oﬂyput
of the®tdr Bt gl 99 et Ehe LHulees B BARESWRIE AL “AEoPTHE W4t e

"ong" (¥eent hinwliragdioam 25 &fr vekrtages ine Ripgunge@Mlaihsti 48 bpglicable
determned the by tinme of  the ultrasonic pul ses propagation fromthe

em tt efPFoORSR FE-XtPERB| ¥61°11. Using a del ay el enent excl udes fal se
actuations elirther, nBicRghsthpuaingd ebyrerepidd ¢ andwacausdidemeifses. Since
one of the_ |nputs of the second conparator 50 is. 30 connected to H@e

gr ound PWPELIRE HroFdOBE W%ﬁqzﬂﬁgrﬁﬁgg%% RSy SEFHECT TR 5t RESAnpt i tifde of

t he regebvedi 8é@iain ahoSEESsiae’ 2eHOT SR 0 inki Ximg dver ianveakhst grsal
(see Figure, 20). An output signal of the conparator, doesn't depend on the
anbl | t BRE O ATHRA OGP YRT STAMAPT ATSPYRACH ABTan T Ge SFEERY (195t
RS-tri ggensdd. transmtting 35 to one of the inputs of the second el enent
2& 45 permts a passage through it of the signal fromthe second
conparator 50 which indicate that the received signal crossed a "zero"
mark. The first "zero" mark crossing induces actuation of the second
RS-trigger 46 -1 APR 2004 WD 01/ 067051 PCT/NLO | OO1L80 24 thus swi tching
it into "zero" state. The voltage pul ses fornmed so have durations
proportional to passage tinme of the ultrasonic pulses fromthe emtter 10
to the receiver 11 and don't depend on wultrasonic pul ses anplitudes. Then
t hese pul ses are transfornmed in 5 the converter 47 into an anplitude
signal proportional to their



durations which is transmtted to the calculator and the nonitor. In the
second variant of the ultrasonic neter of volunme concentrations of |iquid
conponents (see Figure 21) a voltage setting device is inplenented ABR A
peak detector 55 being strobed 10 (see Figure 21). Its input is connected
to the output of the anplifier 41, a strobe input is linked to the output
of the former of the delayed strobe pulsps.48 and an out put of the peak
detector 55 is connected to the second input of the first conparator 42

t hrough a voltage divider 56. 15 The voltage setting device operates in
the followng way. A voltage signalefy @zt geganplifier 41 is transmtted
to the peak detector 55. SinmultaneousTy wth a tinme |ag determ ned by the
passage tinme of the ultrasonic pulses fromthe emtter 10 to the receiver
11 the silgnal Mertbout fier fdstemiehinghel el aved $lkr 48 _conmes.to
its stro@gohnggta(ﬁﬁyi.Fi ure 22 _bAs a resu|g%g Q%Ft%g%§ﬁ%%%ghpﬁﬁFeﬁqﬂéua
to a maxi-mum val e 5§i BhauEinAlongde pip¢bineed comprihingutptstadpst he
peak %let edtor 55. The vol tage signal passed through the divider 56 is
danped sQ tg t _secure actgation of the first conparator 42 is guaranteed
at the séreCteg hdld WdFeloFelfeits wiofnat bgast oneaphateoss the mikture
changes ah theecoidn olll)edsmedé UMpddiQrerties and tenperature and owing to
aging of .measuring circuit elements an so on. The use of such voltage
setting Geviigas £8 fG8Bbhortondngtsmty cof Ithet méxtevel imfthdigipel ine
conpar at eecatématijgn by significant 30 (10-fold) changes of signa
attenuation _in the nediumstipul ated, for exanple, by enmergence of gas
bubbi®s @t AFFEINS 84| YAl | aansentbatitangs off di §persiade Qe ca@ponent s
and by ohbgfuf€asPRhe phge ' f e ers _of |ocal val ues .

wa. ', (P.1, %j;cand ngsﬁc_:o{n)ﬁ gﬁcﬁgﬁcé%rd‘f‘% eogﬁséﬁt"f)rtcﬂﬁ' Hipaspre

pr ocessof SOHT I SPPYUSEARL kY ehdher mixtseet iion theepage Nheofsddia ogal(h hs at ed
pi pel i ned. dist&imimsngfl vbhenabows, ad values are al so executed b
means of the pr ocesgor. The v\ﬁqurﬁgg%%%f%a eegggfp ﬁséeﬁéﬁ't i sd FFB#
conponen®ld sIRFPNES componentoidL, @At of eme YaniQ phiPiig, o1 @LA urel B§PR
200 15

using values of said real velocity w and said volume concentration;
characterized by,

with said pipeline section being a first pipeline section (1):
e. providing a second pipeline section {2} in series with the first

pipeline section (1), the first and second pipeline sections (1, 2)

20 having different cross sections, such that a change in flow velocity

of the mixture occurs at the junction of the two sections (1, 2);

f. measuring the real velocity in the second pipeline section (2);

g. measuring the acoustic conductivity in the second pPipeline section
(2);

25 h. detemmining the volume concentration ¢ of the gas phase in the
second pipeline section (2) on the basis of the measured acoustic
conductivity of the mixture in the second pipeline section (2);

i. determining a volume concentration W of different liquid phase
components of the mixture on the basis of the measured acoustic

30 conductivity of the mixture in at least one pipeline section;

j. determining the volume flow rates Qg, Q, Q1, Q2 by using values

©of the real velocity w and the volume concentrations obtained for the

first and second pipeline sections (1, 2) in combination.



WO 01/067051 25 PCT/N LO /00180 noreover determ ned according to the
formulas (16, 18, 19) by the processor. r%;ghough the i nvention des_c]riApfﬂmln
particular for use with an oil, water arfd gas m xture, it nust be
understood that the principle 5 of the invention, as set forth in the
appended clains, is applicable for other m xtures also. Further, though
the exanple of Figure 1 shows an order of pipeline divisions with
decreasi ng cross-section areas seen in the flow direction an opposite
order of pipel Mathed necatindisigons, cidat 1i iLh. increasing cross-section
ar eas see%i,ﬂ_‘et e JJlow d'%r. ection, can lbghéggﬁéflﬁeiﬁ %Bg themreac AF: K
| MS 1. Kethod Tor d&E&FAfRi My eowirat esimdligas santbnl i qujg mﬁ%%ogrg{n
fl ow of athellddgzhageyndKtieL g i peline, conprising the steps of :
a. msasuriing a real vel oci tyci/i'vlogg Ségcﬁedglst‘jfoﬁépﬁ%b%%'ﬁf’“ftﬂf@)bﬁlieﬁke ina
section (1¥ 8Petrﬁekpfpjei ine; b. nmeasuring an acoustic conductivity of the
m xture in the pipeline section (1); 10 c. determning a vol une
concentration r§J(p) of a gas phase of the mixture in the pipeline section
(1) on thg basV&*id @ssordinar ea cladaust | enspREluGliwht ¥, 0f, Jhe M xtyre in
the pipel ing sk 9816d) or £ uo:l%t eém' ning vol ume flow rates of thd °gage
phase Qy, and of first and setondPédiporerfiedeanined ¥ tHee fornuid: phase Q
of the m xtureQby k1blusi ng waliues (9f - sgjyd_rgal ,vel oc]i y w and said vol une
concentration; characterized by, with said pi e(l i neP&ecti on bei ng a first
pi pel i ne section (ﬁ): e. providing a second pipeline section (2) in
series wwth the first pipeline section (1), the first and second pi peline
sections (1, 2) 20 having different cross sections, such that a change in
flow velocity of the m xture occurs at the junction of the two sections
(1,.2);



f. nmeasuring the real velocity in the second pipeline section (2); g.
measuring the acoustic conductivity in the second pipeline section %ﬁh%i
25 h. determnmining the volune concentration 9 of the gas phase in Th@
second pipeline section (2) on the basis of the neasured acoustic
conductivity of the mxture in the second pipeline section (2); i.

det er ni ni ngha VYol iir@Nc GNESATE atgdn VRLlotity féergant phagei th ptleseiresnponent s

of the.m xture .t he basi f e r oustiG: 30 C uctivity of
The mBboiaten SPiscr POhasl she s Rt FIBSERE T oy, MRS The Vol une
flow ratspec@vely, Q, @ by using values of the real velocity w and the
vol unme concentrations obtained for the first and second pipeline sections

(1, 2) in OnbPnats GF 2Y6r29e APRD YL UPe RS eRNEIEsPting i Waim 1
char agf.enized:i.n : Lea:nk Flnof t C Sgi i i rst
pi gel F&ri'gt?é%t ilgntl%éi?hd#%g?g%?%%n l?\éﬁgpar egg.)tléfgé %l?est%gé:ograoggs'gésgc %on of
pi pel ii¥f6tiect | dA) (P§shsciEXelN:F1, where k * 1. 3. Method according to

claim2, c rized.i t o) il rate_val.ue of |iquid phase
is determ @cfa ﬁ{?ﬁt"h‘é %lrjgru%%@é °§ %Egkbf/’wﬁ 1s %Veytﬁf“‘ﬂ}\&g(‘iy: 92) - wi
where 27 wQ =@gw,ips. adravepagewseeal velocity of gas phase in the pipeline
section ; (1) and the second pipeline , section (2) respectively, -1 APR
2006 first T WAPIMeEs fARVaTRG R B8l TV uRPMpLaessneEm¥Bihphrget hg 5

M ¥t Urfeddintibedf byst pipeline section (1) and the second pipeline section
(2) respectively; the volune flow rate of gas phase is determ ned by:

Qy=FI wxcpl &~ #OQF2w2cp2 the volunme flow rate of the first conponent of

l'iquid phasgnd sthelQodeher I OEd % oflendVfddond component of liquid

phase is determined by:
Q= (1 -W) Q.
15

4. Method according to one of the preceding claims, characterized
in that the velocity Aw¥ of gas phase is measured at different
radial locations in each of said cross-sections of the first and
second pipeline ;emkms {1, 2), and measured local velocity values

20 for each cross-section are averaged to provide az value for use as

velocity value in calculations.

5. Method according toc one of the preceding claims, charactexized
in that the concentration of gas phase 1eY is measured at different
25 radial locations in each of said cross-sections of the first and the
second pipeline [sections: - {1, 2), and measured volume concentration
values for each créss;section are averaged to provide a value for

use as concentration value in calculations.

30 6. Method according to one of the preceding claims, characterized
in that measurements are carried out by the use of ultrasonic

transducers.

7. Method according to a preceding claim, characterized in that
35 volume concentrations of liquid phase components iWY of the mixture
are determined by using ultrasonic transducers in at least one

cross—section in at least one of the pipeline sections | {1, 2) and



and the volune flow rate of the second conponent of liquid phase is
determined by: @ = (1 - W QL 15 4. Method according to one of tHeAPR 2004
preceding claims, characterized in th&8 the velocity Kwy of gas phase is
measured at different radial |ocations in each of said cross-sections of
t he fi%st and secor}g‘}epi peline sections (1, 2), and neasured | ocal

vel oci Y DaPTREHD Tite LdcPasrpes - Qedilitgnsanic aneksagedhirouph ovhede a val ue

for usfigsur¥etas tohe/ alsaicepbcul ations. 5. Method according to one of
the preceding clains, characterized in that the concentration of gas

phase /cpY is neasured at different 25 radial |ocations in each of said

Cross-gecti I and the gcond pipeline /sections (1, 2), and
measurgd voﬁ%%Béo%gg%{:é%ﬁ o SVEFGESIHRS %ﬁéﬁ“cf“ﬁ%a@a”t‘iz@ﬁ‘ anethatr aged

to Provbdeme ¥ehdkhd:Htibsd 83 §RHCHUIAL Iy gal culations. 30 6.
Met hod accor di n‘g to one of thegpr eceﬁeﬁgogpgﬁ%hs?%fhg? g%t gH?z’Bﬂxt‘?rrF tH&
neasur 8RERFBiRR® arydisd sitrdyonhe wemsdiicaks rasat Qeakt aB5E USRS Ss— 7.

Met hod i . cedin | ai haracterized in that 35 volune
concen??g‘tg?%ﬂs‘g%f&ﬁ guﬁ%%p%ggeg%%n%ocrngenﬁf?lwfb‘?et RECURPSt ur &l ar® Rt ned
by usingasihring ewirdl ittuales dicel srasomic lp@astsOopessad ARToEERT 190 hikdlrd east

one of J i.ne sections (1, 2) and 28 by neasuring tinme of passage of
uItraS(f)rEl'Flrg gl{lf?géells eandﬁ“é%'%ﬁ't he m xture fromthe transducers. -1 APR 2004

B.1Ovet hod according to a preceding claim characterized in that 5 vol une

concengrat i e .conpgnents. spy .of the m xture are determ ned
by usi %g. u tg ?ggén?‘gé??é;lﬁi%l}@e spfﬁc%c?lrf‘gﬁflﬁnec\?ﬂﬁ%m%&&ﬁi &R Bhathe

first ealiotheisecont g peki nexsesd ifNaseslard) caiidhfinedBsEing anmpl i tude
of uItrg oni ¢ ful sessgl%ssed through the mxture fromthe transducers. 10

9. Met ot A2 Wi G S VS P etR i hg SC5ki RS cRERSRISSCtE0E Ph Whmtfirst
vel oci éndstbeVseforichpipeltineesqehanes are, def eddd N8A RY¥sHSEQrelation or

15 autocorrelation methods.

10. Method according to a preceding claim, characterized in that

velocities 4wy of the mixture phases are determined by using

ultrasonic transducers in at least one cross-section of the first
20 and the second pipeline sections: {l, 2) and by measuring Doppler

freguency of ultrasonic pulses from the transducers.

11. Method according to claims 1, 2, 3, 4, 5, characterized in that

measurements are carried out by the use of electrical conductivity
25 transducers.

12. Method according to claims 1, 2, 3, 4, 5, characterized in that
measurements:are carried out by the use of electrical capacity

transducers.
30
13. Method according to claims 1, 2, 3, 4, 5, characterized in that

measurements are carried out by the use of optical sensors.

14. Method according to claim 8, characterized in that the liquid

35 phase components of the mixture are water and oil.



ultrasonic transducers in at |east one cross-section of the first- and the
second pipeline sections (1, 2) and by cross-correlation or 15 -1 APR 2004
autocorrel ati on nethods. 10. Method according to a preceding claim
characterized in that velocities .two of the m xture phases are

determ ned by using ultrasonic transdugggs_in at |east one cross-section
of the first 20 and the second pipeline sections (1, 2) and by neasuring
Doppl er frequency of ultrasonic pulses. fromthe transducers. 11. Method
according to clainms 1, 2, 3, 4, 5, characterized in that neasurenents are
carried t by the use of_electrical conductivity 25 transducers. 12.

Met hod dccor dity tTEH mOT1 9eserninipg ofloghspaed eof zemb iandt Ratuid phases
neasur eretas fabe 686 &i @6l PiEhARe CLEL capacitv. . .
transducers. 30 13. thhd%ﬂgccorgﬁﬁéu?g %Pgﬁag'%}bé?kgf'AEOWQEQSIHg‘

char act & fedStACLR¥t SeMRRG urBmhishat @ @wraticed dut a byedtioris@ jobrophecal

sensyrs.pibélilet bed RSLAH NG IPethim B ~charact eri zed in that the |iquid
35 phase %%nponents of the nixtu?g géglﬁg.éggaéﬁéyoF?F MEEABRPS0§4T884  15.

15. Devi'E&OFoFYdet @F mhitRET GWer abese off gae andthiguinl pphagdpelghea flow
of a nulseicphase (m xture along a pipeline, conprising: a. a velocity sensor
(5) mhigp is arranged in a section (1) of the 5 pipeline and which is
connect €d £8 8FPERt1% CIHuGaadtYi AgRSOY ell) whékbcei s yanvaofgeat ihearé one
phase opipbeiAbxtseeidd (e aRlaPehiBE 5 i )pe Do an acoustic

conﬁ ctiv?t sensor (6) mgich is %?féﬁ%gﬁ%P%@F%é t%i%ﬁﬁﬁ%igrgegPFon (1) and
whi i TEEGNRLRY AP tTFVUFEE COPIREE IVt Yrevefs Ghengi svue dustthe popdushe vity

of the gj : t i i i 0 and for determ ning a_vol une
concent rglaeﬁ:gﬁg( z% %?j It%ﬁgehgeggnaﬁggﬁed OEP ‘{oa‘u%mﬁi RPUFE TR YRS pi‘ﬁgl Phethe

sect i on9g%) Paase el bdE suigturehén mess yripe laneussdei ronduchbhVihy Wisihies

m xXture¢hd & Lhel d Cti N D £C. o @ PFOCESSQr . 24 1. 34)
which is conﬁﬁ%ﬁ%wtéod%asitg%citzk)gg‘il%é%/v’ft r Ofdgf'%r'ﬁ’t’f'lfi‘}f& val %ﬁ% PIRRY 3% es of
t he gas$pRR¥" QB! 7and of first and

i5 c. a processor (p. 24 i. 34) which is connected to said circuitry for
determining volume flow rates of the gas phase Qg, and of first and
second components Ql, Q2 of the liquid phase Q, of the mixture by

using values of said real velocity w and said volume concentration;
characterized by,

20 with said pipeline section being a first pipeline section {1):
d. a second pipeline section {2) which is arranged in series .with the
first pipeline section (1), the first (1) and second (2) pipeline
sections having different cross sections, such that a change in flow
velocity of the mixture occurs at the junction of the two sections

25 (1, 2);
e. a further velocity sensor (5) which is arranged in the second
pipeline section (2) and which is connected to circuitry for
measuring a real velocity w of at least one phase of the mixture in
the second pipeline section (2);

30 f. a2 further acgustic conductivity sensor {6) which is arranged in
the second pipeline section (2) and which is connected to circuitry

for measuring an acoustic conductivity of the mixture in the second

pipeline section (2) and for determining a volume concentration ¢ of

the gas phase of the mixture in the second pipeline section (2) on



second conmponents QL, @ of the Ii(:]ui d phase Q of the m xture by using
~values of said real velocity w and said volunme concentration;
characterized by, 20 with said pipeline section being a first pipelli AR 2004
section (1) d. a second pipeline section (2) which is arranged in series
with the first pipeline section (1), thg first (1) and second (2)

pi peline sections having different cross sections, such that a change in
flow velocity of the mixture occurs at the junction of the two sections
25 (1, 2he bdsiA JUkhBChedShOEd lALRRARIC cbRIuN KRR yi BrafKANYEE it tRE the
second pipeline section (2) and which is connected to circuitry for
neasur i BECAPY RAPIENECEEFTHCBT (M7 | east one phase of the nixture in the
second pi pgl] g Con@Bnt2liid? Jendyf YRS DGR AEAUST I Y Y(1SeRgor
(6) whi gh_ IS grﬁlrla_nged i ll’-ll thle seceonnd Ipiqptjel‘i njéégglct itaor%a%@?&lg%i av/drﬁ c‘hﬁi S
connect @€ P ReldRS PECLRBPS nbhs i #gdakbacuist iapnoentedt i fyxtdfen he

M X" Ech AcliierSacandet BLRChNG SANLAR CoAc Al Aonlf! 8F ifkAG /ol UM
concentration of the gas phase of the mxture in the second pipeline
sect i on1i2yigrphapeAPRMPODENDBIPE Hdichad xsupe ethecheebead edoficthsstriemsured
conduct Lybhye f ddpauiBxbiEg &P 48 niSe6eRdiPi Nald RESEELL ctd:

| i quid concentrati orl11 senso? (7) whiméﬁ IS a%lgaér%ggdgﬁﬁ gr%%é?%é g%eCtgﬁng

pi pel i nélkect®bns (1, 2) and which is connected to further 5 circuitry for
det er mi pj) Ngh fly YR roeBS 88k I A4 Iéa?m\é(:etaddt&f@{ee%rthbg%f’ugﬁa&% CoEPeRent s

of the mxture on the basis. of the nmeasured acoustic conductivity of the
m xtUr ePFRCREIUF HFESpVBEPPROS SRS di8al( YlogHy ivh andi she tYlymecessor i s
connect généént Fift ifowist BBEaChégUidd HnaNditBe add JULEESSOFe USRS rltUessOf
the real velocity w and the volume concentrations obtained for the first
and secdhd i pal iammbdagtionsiox Het2rminipgniaatcilonef Stowletared Migng Qhe
vol une 6!19%5_3"95 Q. Qr Q, @ 29 15



- 1 APR 2004 16. Device according to claim 15, in which for each pipeline
division (a, 2) the follow ng nmeans for neasuring |ocal flow -1 APR 2004
characteristics of at |east one phas&%f the m xture are used: an
ultrasonic gas velocity nmeter for neasuring a real gas velocit-y M of t
All e m xture Abased on correlation or Doppler's nethods; an ultrasonic
vol ume gas concentration nmeter; an ultrasonic neter of volune "
concentrations of liquid 20 conponents. 25 13. Device according to claim
15, in which neters with electrical capacity or electrical conductivity
transducers for measuring local flow properties of at |east one phase of
the m xture are used. 18. Device according to claim15, in which for each
pipeline division (1, 2) a gamma-neter for determ ning the vol une gas
concentration is used. 30 19... Device according to claim 15, in which for
each pipeline section (1, 2) disposed vertically an apparatus for

determ ning the volune gas concentration by neans of neasuring a static
pressure- difference is used. 35 20. Device according to clainms 15, 16,
17, in which the gas velocity neter neasures the velocity ~w-, of gas
phase at different radial |ocations in each of said cross-sections of the
first and the second pipeline sections! (1, 2), and neasured | ocal
velocity values 30 -1 APR 2004 for each cross-section are averaged to
provide a value for use as velocity value in calculations. 21. Device
according to clains 15, 16, 17, in which the volume gas 5 concentration
nmet er neasures the concentration of gas phase ,(q, at different radial
IocatidﬁsDENieacmCQﬂrdingdtorQgsimetij<imswmﬁchhéorféacn:papdlihe diedioricn

bi pel 1 18 S8 100 Sdihouhy A8, IEARTRLKOLLIE: o LONGaRLT B B0 A RS Lo
each cro$s-section are avera use as
concenpfast oheastl wne mheabcufath&nmaxthee are used.

15 ) an ultrasonic gas velocity meter for measuring a real gas
velccity #w) cof the mixture based on correlstion or Doppler’s
methods;

an ultrasonic volume gas concentration meter;

an ultrasonic meter of volume concentrations of liquid

20 components.

17. Device according to claim 15, in which meters with electrical
capacity or electrical conductivity transducers for measuring local
flow properties of at least one phase of the mixture are used.

25
18. Device according to claim 15, in which for each pipeline
division (1, 2) a gamma-meter for determining the volume gas

concentration is used.

30 18. Device according to claim 15, in which for each pipeline
| section . (1, 2} disposed vertically an apparatus for determining the
volume gas concentration by means of measuring a static pressure-

difference is used.

35 20. Device according to claims 15, 16, 17, in which the gas
velocity meter measures the velocity jwy of gas phase at different
radial locations in each of said cross-sections of the first and the

second pipeline sections . {1, 2}, and measured local velocity values



22. Device according to clains 15, 16, 17, 18, 19, 20, 21, ,in which the
area , (F1Y of the cross-section of the first pipeline section (1)1 gpmjmys
fromthe area .(F2r of the cross-sect?Bn of pipeline section (2) 42 =

F1, where k # 1. 15 23. Device according to clains 15, 16, _7, 18, 19 20,
21, ncludlng a processor calculating the volune flow rate val ue of

I |qU|cFﬂHh£§€ b9r?Fér%%ﬁ?ﬁHQraﬁ® averaged ko PIPVFQE[%WF?¥P9 fPPZYSe W (1 -
TO | 2 1vhere Yd1ud2 4 - Auekiage. real velocity of gas phase in the first
pi pel ine sécfion (1) and the second pipeline section, (2) respectively,
WP, sp2 is an average real volune gas concentration in the 25 mXxture in
the fi St | jn e C P ' (
respecjgl veﬂ%/qucagl gﬁgb¥h§h8 élel %}g tl?l o?vgra e (F;LP %hi@ﬁh%}ZeZQ{)dﬁ?xﬁ %)as

f osnul @siceQReEtndg Jm@ﬂieJQJﬁeE\%\AﬁQGZthe C@dastlrﬁwalﬂgohh@f VgZﬂSJlﬁhafsleOX\kpfa.ﬁ‘E of
the first conmponent of liquid 30 phase by the fornula: Ql= and

cal cul Hfifgenker3dl 2hel 903 a0%t dnoP2Eh ek s@dHd CEBRPDIRG RIS °Ff| ﬁﬂ?d phase

byt he fQrmana: tQZ seéand ﬁe}pe@rmé5 sedionDeVi 08 , a6 ¢Or i NGhdQutledl P51 dme 16,
17, 18, 19, 20, 22, 23, whi ch the sensed I'iqui d phase conponent s of

t he mmnqﬁﬁgétﬁpbwalﬂees w‘axrerea&hd%ws section are averaged to provide

a value for use as concentration value in calculations.

10
22. Device according to claims 15, 16, 17, 18, 19, 20, 21, in which
the area AF,¥ of the cross-section of the first pipeline gection {1)
differs from the area AF,¥ of the cross-section of pipeline section
{(2) /Fz = k¥, where k # 1.

15

23. Device accerding to claims 15, is, 17

i

[
ot

- e bl ]
5, 24, 21,

including a processor calculating the volume flow rate value of

~
c,

liquid phase by the formula:
Q=X /tk - 1) Fplw:a (1 = 2) — wy (1 - @¢1)] ,
20 wherxe
Wy, W2 1s an average real velocity of gas phase in the first
pipeline .section {1) and the second pipeliné section {2}
respectively, '
¢., 92 is an average real volume gas concentration in the
25 mixture in the first pipeline division (1) and the second pipeline
section {2) respectively;
calculating the volume flow rate of gas phase by the formulas:
Qy=F1v1¢ ox Qo=F2w29; ,
calculating the volume flow rate of the first component of liguid
30 phase by the formula:
Q=W Q; ,
and calculating the volume flow rate of the second component of
ligquid phase by the formula:
Q= (1 - W) Q
35 )
' 24. Device according to claims 15, 16, 17, 18, 18, 20, 22, 23, in
which the sensed liquid phase components of the multiphase flow are

water and oil.





