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"ANALYSI S OF MULTI - PHASE M XTURES" Thi's invention rel ates gedéy & If,s-\tgpﬁg
met hod and apparatus for anal ysing nul ti-phase mixtures to detern1ne

sel ected properties thereof. Wiilst it will be appreciated by those persons
5 skilled in the art that the nethod and apparatus of the invention are
readily-applicable to the analysis C of a wide variety of nmulti-phase

m xtures, one particul arly advantageous application relates to the analysis
of the oil mxture discharged froman 10 oil well. It will be convenient
therefore to hereinafter describe the invention with reference to that
particular application. It is often necessary to be able to nonitor and/or
determ ne the various properties of the oil/gas/ 15 water m xture being

di scharged froman oil well. The propertie.of the m xture which are
particularly inportant are the volume rate and density of each phase. It
I's the current practice when anal ysing the m xture di scharged from an oi
well to feed a 20 relativel mmgmmmntrmly-mI\SR NEXTURESOre to a "test
separator” The "test separator” separates the multi-phase mxture into

di screte phases before flow neasurenent is effected. - 2-
This invention relates generally to a method and

apparatus for analysing multiphase mixtures to deterzine

selected properties thereof.

Whilst it will be aﬁpreciated by those persons

_ 5 skilled in the art that the method and apparatus of -
ka the inventien are readily applicable to the aralysis €é

of a wide variety of multi-phase mixtures, cne |

particularly advantagéous application relates to

the analysis of the oil mixture discharged frem an

10 o0il well. It will be convenient therefore to
hereinafter describe the invention with refesrence

to that par*icular applicatioen.

ané/or determine the various prcpert‘es cf hhe o*l/gas/-
15 water mixture being discharged from an oil well.
The properties of the mixture which are particularly
important are the volume rate and density of each
~ phase. It is the current practice when analysing (_
' the mixture discharged from an oil well to feed a
20 relatively large quantity of the mikxture to a "test
separator". The "test separator" separates the
multi-phase mixture into discrete phases before

flow measurement is effected.




‘di sadvantage is that the

7

Separators of this general type are known and it i's not proposed to provide
a detai l'ed .descr.i ption here.. The mjor di'sadvant ages of separators of this
tyge are-that they are relatlvely bul ky and take up 5 consi der abl e* spacte —*
partlaularly when used on off-shorge platfornms. As a result each off-shore
platforimusual ly has only one test separatar2.and this test separator is
enpl oyed to take neasurenqgts fr?nlone well, at a tine. A further

FRATRFAr sV efy thiseaeneFal tyre aﬁrsbreewnofandqeu
present invention toim mntiepaopebeal tol proviles aidii pod é@?éﬂb‘ésid(rprhere.'

anal ysing nul ti-phas th.reference to the spec
app! ?lc:it |gon re:c elroredel:tﬂoE 2{)&10:{/§§ &Fganigtagegno%bjs&ﬂa,{%t% eQIFaFﬁlﬁnéY(He
nmore of the aforenen@fghdhat sMn@agexelA&ung:dm(p%@SQSR& ap the
I

Pl ow ng along & 11 ow o g rinEeCkpRLa paRttoltiat & aﬁa”é’.éé ?3$h? t—“srheore
m xture or of phasesplfatfwrms Xt UAS, acgggli,lls_egatéjpgftgpé?€ E tfo
determ ning the pressur d{,‘-ég eratu density and nas

t

mxture at a first poiit %in?Biya°8ﬁalt$§tter§°£§@Mng@néohbllsnttd&t
flow path;, (b) causeppmthANge empabyedatio Q%&cé:fhﬁia'ﬂé?&f’é:héﬁt @froli'lheone

det er ni 'nSWt L;&?'eﬁs"%?? T eFiner o8 dorshey a#%m#a%rfét Ehat shey
second point dotst r éxe gfe kat ivehpr expenisivied change zone; and
| It is an object of the prééent invention to
\./ C provide a relat;vely simple method_and apparatus for
analysing multi-phase mixtures and with reference
S ' to the specific application referred to above, it is
15 an object to alleviate one or more of the
aforementioned disadvantages. |
According to one aspect of the present invention a method

for contimuous analysis of a multiphase mixture flowing along

a flow path for determining selected properties of the mixture

or of phases of the mixture, comprises the steps of :

(a) first, determining the pressure, terrperature', density

and mass flow rate of the mixture at a first point upstream of

a characteristic change zone in the flow path;

(b) causi_.ng a change in at least one characteristic of the

U/ - . . mixture flow in said characteristic change zone; :

(c) thereafter detémining' the pressure, temperature,
density and mass flow rate at a second point downstream of
said characteristic change zone; and
(d) detemumng the selected properties of the mixture or of
one or more phases of the mixture on the basis of the
information collected together with known parameters using
algorithms. '

The characteristic which is changed may be, for atampie
pressure or temperature or the caomposition of the mixture
caused by at least a partial separation of the phases in the
mixture.




(d) d&%mﬁoﬁf?ﬂg the sel ected properties of the mixture or FCTHAL86/000g7€

phases of the mixture on 'the basis of the information collected together

wi th known paraneters using algorithnms. The:characteristic which is changed

ny be, for exanple pressure or tenperature or, the conposition of the \x

m xture caused by at least a partial separation of the phases in the = . .

m xture. WP 86/05586 . . =3-

PCT/AU86/00067'-'3-'EQEVC. LStk e ~chan o

addi'ng a substance.-to- f§$%€€%?é#gék&gegﬂg% %ﬁﬁé%xnruS.Q§U§EE§§%§%a2§%

may be, for exaRPiddng chesikatangechosshg mdadiinm ketween theatwiode stream

- of gas. In anoblgqh@;.r'egﬁgangmstaﬁ&emqu;@;cr@; iesbisiecRange can be initiated
by a change at- Sonme ot her .point in the flow path which thereby causes the

characteristic Eh&TJEal Hep €AWAMI 8, T826LELMUIRE differential upstream of

the two pognts 10 a nedadesErédnChbeNbakQ CaWsabHBNaer PLLYERANLNE PO Nts.

By using the nethod qf the inyention,G it is possible to detérmne the

properties of t ﬁé"e\/é"&lﬁﬁfscb?lﬁééglﬁf cf‘ﬁégﬁi_lfﬁi‘r P& UM bkt g, P¥x angh@nase

vol ume and densialty safmeeasth@ar pottkainplthee £ 10ko pietierwheht BReeeproperti es

~ .

15 it may be ngtacA, L O ERLEY QYL TR L WO BSPLLYer,
pressure differential upstream of the two points
10 may be sufficient to cause a change between the points.

By using the method of the invention, it is possible to
"determineithe prbpertieS'offtﬁe various phases of the |
mixture such~as,-f0r'example; the volume and density _K{
of each particular phase. . To:'determine these properties
15 it méY”be'necessary{to:carry out more than two density
and/or mass flow measurements or calculations and whefe
‘two or more measurements are carried out cbrresponding
flow characteristic changés~aréﬁrequired between the
adjacent measuring points. In some instances not all
- 20 _variables"mAQ'beIrequired to be determined purely -
"~ from the mass flow measurement technique. For
example, in mixtures such as the oil mixture from oil
_ welis'it-méy be convenient to assume that the
"density of the waferfphASé”and‘the oil phase remain
25 constant albng:ea¢h'préSSure;différential. From the'_-kJ
information collécted,_it' is  possible to
produce suitable algorithms from which the required
properties N : Cah bé_de£éihinéd;
_'. Thus in theiﬁérti&ﬁl#f éxﬁmble of a mixture
30 dischérged_ffqmuan bil_weil,'a'series'of equations can
' be written from which the varioué_ptbpertiés of the
phases of the mig;ure can be déterminédi |



and/ or mass flow neasurenents or cal cul'ati'ons and where two or nore .
measur e¥EN86/0%686 carried out .corresponding flow characteri POTYALISE/09067
are required between the adjacent .measuring points. In sonme instances no(:)
all 20 variables may be required to be determ ned purely fromthe nass

f | ow>rfeasur enent technique. -For exanple, in mxtures such as the oi

m xture fromoil wells it may be convenient to assune that the density of

t he wat er phase and the oil phdse remain 25 constant al ong each pressure
differential. Fromthe information collected, it is ossible to :
produce suitable al godint RmE WA WpEIMPhe ! r dfuiSede Lgsto assumgyy

be determ ned. Thysti Rh @it WAt REa8PLCafl ¥aied Wemadth di scharged
froman oil well, a series ﬁf equati ons can be mmit%&&‘fno whi ch. t he

various properti 88P§tafd RItaRe RFPERPHEBOSEN P hiettov - wo
86/ 05586 As such, it is possible to determineCEhddiHS/WHDEEs | bna

typical exanple, it is reasonable to asgupme that the density .of the_oil and
wat er remain ubéP&hﬁW$Q%§iﬁnﬂﬁ%ﬂﬁrthr ﬁbﬁguFEFh@%%@éahqgfﬁQﬁvpﬁgsgﬁgh
it i's possible tantentidmetdectel lowing proberdiess anemeasiwmedr. Using

the method of the present invention the follow ng properties are neasured:
(a) The density of the mxture at points 1 and 2

(a) The density of the mixture at points 1 and 2
(fﬁ,andloz).

(b) The mass flow rate of the mixture (Mp)) (where
10 the characteristic change is a pressure
differential, the mass flow rate remains

constant).

(c) The temperature and pressure at points 1 and 2.
(d). The density of the oil (fy) and water (fL)
15 (As mentioned earlier the density of the oil and

water are measured separately).



([err] "and [err]). (b) The ‘mass ffom1rate of the m xt ur e [err] (where 10

the characteristic change is a pressure differential, the nass flow rate
remai n$ constant). (c) The tenperature:and pressure at points 1 and 2.

(d) « The density of the oil [err] and water [err] 15 (As menti ored

*

@

earlier “@%{?ﬁ@%ﬁ y of the oil and water are measur ed separately). 'V[hgﬂ.}*

- 86/ 05586 00067 - 5- [ERR] 10 V is vol unepeahatise
isgas ois oil wis water’If [err] and [err] © are assuned or
15 hand neasured it is therefore possible to determine [err]. - ba-
According to another aspect of the presggl invention

P - JQJ;figl' -
P, = R P72 - | - (@)

Mpy = M2 - (3)

"!"rll = ﬂ;l"él + /iuvwl"* for  Vou - (4)
5 Myy = f92§92 .*.’iz%z "’/%2"92 - (5) | u
Vel = Va2 . - e
Voo = Vo2 | =
Vgl = Vgl * Vol * Ve = (8)
Vp2z = Vg2t %2 + 'sz_- . | .- ;9')'

10 V is volume

subscript g is gas

o is oil : "QJ_

_ w is water o _
I1f (owl. /Dol. ﬁ,z. Pozq A&]_-. and £2 are assumecd or
15 ‘hand measured it is therefore possible to determine

Vg]_u ngr_f)glo 1092' Volr Vo2r Vwls Vw2: V71, Vo2,



there is provided apparatus for conti nuous' anal ysis of a nultiphase m xture
flowing along a flow path for deternmning selected properties of a mxture
or of phases of the m xture, the apparatus comprising: a first nmeans for
dlrectly nmeasuring the density and nass flow rate at a first poi nt upstream
of . a™harateristic change zone in the flow path; neans for causing a change
in at |east one characteristic of the m xture flowin said characteristic
change zone; and a second neans for directly neasuring the density and the
mass flow rate at a second point downstream of the characteristic change
zone, the arrangenent being such that selectedgproperties of the mxture or
of one or nore phases of the m xture can be detserm ned on the basis of the
. information collected together wth known paraneters using algorithms.

-6- The apparatus can be heés‘fdﬁg%% SdpiccBhbsy the aﬁ@%@aﬁm@her S0
that, for exanple, the propertieS of the mxt re ut|I|2|n r tlons
above can be quickly Beexs & RIgVidesk rﬁlﬁ{’ %ga §UI’I ng
density and mass flowmmph.esame.&ef fMﬂligtﬂrongPatﬂpwqﬂﬂueMﬁbeeMg
sui table mass fl ow nete T
described in United SF“.?\{ %e%aé%ﬁ?&spemél cmt on %?ﬁ%g ?tglgssue&é
pat ent 31450 I\/basurehhﬂhtaPDﬁrawe camprisings :

a first means for directly neasur:mg the denSJ.ty and mass
flow rate at a first point upstream of a charateristic change
zone in the flow path;

g

_ means for causing a change in at least one characteristic
of the mixture flow in said characteristic change zone; and
a second means for directly measuring the density and the
‘mass flow rate at a second point downstream of the
~ characteristic change zone, the arrangement being such that
.'selected properties of the mixture or of one or more phases of
the mixture can be determined on the basis of the information
collected together with known parameters using algorithms.



t enperature and pressure of “the “mi Xture can be done in any suitable manner.
I n another arrangenment the desnity of the mixture can be neasured by an
on-limne density neter one exanple of whith-is sold,under the tradenark :
SOLARTRON by the conpany Sol artron Schl unmberger and the mass flow measyrgd -

by a separate neter. If the characteristic change is a pressure change en-'-

this can be caused by any suitable device such as a choke or the like. If

the characteristic change is a phase separation then in one preferred form ..

a hydro cyclone or the type which is for exaﬁpl e described in International
appl i cation PCT/ AUB4/ 00195 (WOB5/01454) whi has been specifically o

devel oped for the treatnent of oily water can be used. In one formthe
mass flow neasur ement STERoRe-aeak Cdrd tﬂﬁefﬂ&a iH Qes@{-_gbpycycl one and
at the outlet therefrom WO 86/. 0558

PCT/ AUS6/ 00067 - 7 PFOSEAIRcCRMNERE S0, it AT SamBle e KBS SFoPREiesnet of |
water m xture. |n e initturenstidieisy ithe nepabiorzeabssa tyn e gaickagdi ti onal
mass flow masureWrs wWith two or nore hydro cyclones in series. 5
In the above describe rrangements the nass.flow measurenent is of the
total flow It is possible however to nerely take a sanpl e of the flow and

pass that . The first and second means for measuring density and mass
flow may be a mass flow meter. A typlcal exanple of a
suitable mass flow meter 1s sold under the trademark Micro
Motion and is described in United States patent spec:.flcatlon

4,422,338 and reissue patent 31450. Measurenent of the U :

tenperature and pressure ‘of the mxture can be done in any
suitable manner. In another arrangement the desnlty of the
mixture can be measured by an on-line dens:Lty meter one
example of which is sold under the tradenark SOLARTRON by the
' conpany Solartron Schlmnberger and the mass flow measured by a
separate meter '

If the characteristic change is a pressure change then .
this can be ceused by any suitable device such as a choke or
the like. : |

If the characteristic change is a phase separation then

in one preferred form a hydro cyclone or the type which is for u .

example described in International application PCT/AU84/00195
(WO85/01454) which has been specifically developed for the
treatment of oily water can be used. In one form the mass
flow measurements may be taken at the inlet to the hydro
cyclone ard at the outlet therefrom.

v



sanpl e t hPQUBHOESR i ce™cbApfistng two hass flow measurement TEFCET /A V600087
pressure differential there- 10 between.:- Using such an arrangenent however
it is only possible todetermne the relative percentage vol unes of the
phases.; Preferred enbodi ments of the invention will hereinafter be
descrTpbed with reference to the 15 accohpqnying drawi ngs in which:- Figure

1 is a schematic circuit drawi ng-show ng the general principle of the _
invention; Figure 2 is a sérenathe aiikfgas phasenghigboisoreniowednfr émrbhe
of device accordi ng.te 0 is | on; ¢ Fi sk _ NG by
whi ch a sanpl e of tﬂiegmagtiﬁr%e"{lls%aée'n-f%lgmggﬁgagrgi ER\IQ?RS%% g‘a:'rqes 4rg$ld 5
show a form of the pgasgRTY Wekasaddl tionglrpasgckdpesmeasurement gur.e
6is acircuit diaghafetBowith awsoPiméie ﬁﬁéi‘bai:yélb'ﬂerselia{ |y {&s 9aS
optim zation; Figure 7 |s.a-C|rcugt chgg%an1s mnng a use of apparatus for
control Iing di scharge frdm &heiabies 9escrPefjarrgneements £he &tp 9 Hioy
test apparatus. Figdeashrefent Sehamitieel tytabaflony bat d@ligsgkiwlde
measured on-line at Eoints ‘and 2 fnth%th a chaiactzri ty% chaqﬁf at _C . p
to determne the deBPFEYSHr FfertaiHrtihe DaPrBRLSoREs &S FAME FRGppEs that
‘Referring to Figures2mpflet thrnemh rgsjeviheeecopprising two mass flow .

' measurement meters with a pressure differential there-

10 between. Using such an arrangement however it is only

possible to determine the relative percentage volumes of

—

the phases.
kJ" ” , P:eferréd emdodiments of the invention will
o he;einafter be described with reference to the
15 accompanying drawings in which:-
Figure 1 is a schematic circuit drawing
showing the'general ptinciplé of the invention;
Figure 2 is a schematic circuit drawing
incorporating one form of device according to the
20 invention: | |
| Figure 3 shows an'arrangement by which a
sample of the mixture is taken from the main line;
Figures 4 and 5 show a form of the apparatus
when used with hydro cyclones;
U 25 _ Figure 6 1is a c¢circuit diagram showing a use of
the apparatus in relation to gas optimization;
Figure 7 is a circuit diagram showing a use
~ of apparatus for controlling discharge from an oii
well head; and ' '

Figure 8 is a diagram of a test apparatus. .
Figure 1 shows schematically what may be required
to be measured on-line at points 1l and 2 and with a
characteristic Chénge éﬁ C to determine the desired
properties of the various phases in the mixture.
Referring to Figure 2 of the'drawings. there is
shown an o0il rig l'comprising oil wells 2, 3 and 4,



. . - ¥
shown'an Qi) Lifdede cOnprising oil wells 2, 3 and 4. . WO 86/05586 ’
PCT/ AUSG/ ghj(%ékﬁggusca di scharge line 6 for deliveri ng the mxt urﬂaCfIAUi%IOOOG? ¢
separator (not shown). The device of the. present invention conprises a
pair of nmass flow neters 10 and 11 having a choke 13 therebetween. TheS = =
mass flow 5 meters can neasure the mass flow as well as the den5|ty_o?$¢¢j;
the mxture. In Figure 3, there is shown an egrbodi nent where a sanple is

taken:-fromthe main delivery Ii e assi ng .t hrough mass fl ow
meters 10 and 11 an@ GSQBﬁﬂ&?riﬁ“?n FEBE gg& AVeTdng the dnixturekor fic

arrangenent of nasssepawa®irertndd, shdwa3. an&hk4d3¥ﬂdefb&”ﬁh&Yﬁk@Eé§t15
and 16. In this particul ar: arraqgenen t he chara er}stdf chan

effected by phase 15PVERRAOR TPMPTiEEF &} RAMFeOf Mass tpﬁ-ﬂggﬁrFI&Q
meter 10 nmeasures thedrdds Hdvimgnal dhokety3otHEnebeoueem.|nThetmhssnalow

phases. 1101 o Pher DESRE Sl BrdFedr B SR RE RGN Y 148 chr BBY, ARy
desired 20 properto&sﬂME(NNXt¢MQse One. appllcatlon of the i nvention
relates to gas | In Flgure 3, there 1s shown an embodlment where a
' sample is taken from the maln dellvery line 6, the
sample passzng through mass flow meters 10 and 11 and
10 choke 13.
| " In Flgures 4 and S there 1s shown the
i _ .arrangement of mass flow meters 10, 11 13 and 14 w1K_/
hydro cyclones 15 and 16. In thls partlcular arrangemen
the characterlstxc change is effected by phase
15 separatlon..'_For example,lln Flgure 4 mass flow meter

hd H

10 measures the mass flow and density of the mixture
in. total and mass flow meter 1l measures the mass - flow
.and denszty of the 011 and gas phases. It is therefore
possﬂﬂe'uackwuseaﬂgormﬂms tockmenmne'ﬂuadesuxﬂ
20 propertles of each phase
o One appllcatlon of the invention relates to gas
optlmlzatlon of oil kells. To bring the oil water
mixture to the surface of a well,gas is delivered do*n
the well and thereby reduces the mass of the mass -
25- of the column of mlxture within the productloﬂ tuolrs
| f As a result of this mass reduction, the reservoir pre-
_ ssure causes the column to rise to the surface. N '
The amount of gas fed down the well will affect the
gil/water/gas mixture dellvered to the surface.--Thus:
30 by controlling the ges'floQ'the desired oil/water/gas
mixture can be controlled Figure 6 is one example
of how the gas flow can be controlled using the
.method and apparatus of the present: invention.



optim zatYOB6MRSS86I weltS. 5 é bring the oil water mixture to PEE/AUSE/ERNST
of a well, gas is delivered 'down the wel I and thereby reduces the mass of
the mass +25 of the columm of mxture within the production tubing As a
fesult, of thIS mass reduction, the reservoir pre- ssure causes the colum
to ri*e to the surface. The amount- of gas fed dgwn the well wll affect the
oil /water/gas mixture detivered to the surface” ~Thus 30 by controlling '
the gas flow the desir 6&asoiily fed rirgder npxesusereaalbagcdnmreoIJOe(thrd%gure 6

I's one exanpl e of QRWBE@%ﬁﬁﬁiJ%fW&Cf& gﬁﬁﬁ8€ éggg H%'Q% tQ?'?%JE“Lf%@

apparatus of the present
PCT/ AUS6/ 00067 -9 th@asqlslnfremﬁjrmel/\'paegsuaada!somgth.mles Yast frooulmhing

throttling valve ZQhQOwaggy;éMﬂnlng t *fagéxesTﬂgtPﬁg@%giIégnbffthe

oi | /water and sonetlnes gas t m xture to surface
properties of ®he Elxmmﬁé%tr@fe%tmmﬂeﬁhm%hgnaﬁﬁs§1f°|‘~bwem§treﬂ’ s10 andd

L1 and choke valve1is a3l dittkd VLIV@! 1 9Nahglehe £ARbERaSICE NG
controller then opens or closes throttl g val ve as req U|reJ! In figure

7 there is shown aRoRtEAIdEFRR- mﬁ%ﬁ%b?oﬂ rojger FPGW QPQﬂﬁNQRquﬁﬁ%W t he

control of t he melkh&@@&yjngaxajwbtﬁosagngéqhhggaon two nass flow neters
10 _

In figure 7 there is shown an arrangement whereby
10 well flow is controlled by the control of the well head
ehoke. In this installation, two mass flow meters 10
~and 11 are operatively connected to the well output
line, the meters being disposed on opposite sides of the
choke 13. The instrumentation provided at each point
15 consistsfof a temperature transmitter, a’ pressure
transmitter and a mass ikwidensﬂQ(tnmxmﬁtter.

The transmitter measurements are adapted to be fed
to a processor P such- as a conputer containing data and
algorithms regarding characterization of gas pressure/

20 temperature/volume/densiiy relationships, mass balance
relationships and cdata regarding oil and water
properties as a function of temperature and pressure.
The processor P uses this data and the transmitter
signals to determine oil, water and gas mass znd

25 volumetric flow rates. This information is used as

| | a basis for controlling the position of the choke.

This may be done.aqtématically or manually.
By employihg the multi-phase analysis system of
the invention, for example, on an off-shore platform
30  with muitiple wells, continuous measurement of
~ production from each well can be achieved. This can
lead to improved reservoir management. The analysis
also provides for a.ﬁore'representative flow

measurement from the well head due to an improved



v W UU’VJJUV
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and ‘11 are operatlvely connectedto 't he' wel | output l'ine, the neters befng

di sposed on opposite sides of the choke '13. The.instrumentation provided at
each point 15 consists of a- tenperature transmtter, a.pressure
transmitter and a mass flow density transnlﬁper The transmtter S

B 3

measurenents are AdapbRde! ¢ikd (hpdréa PEGCEREOr BSTURRPAT 2t SYONDUL €r o

contai ning data and. al gori_thmns regarding characterlzatlon of gas pressure/
20 tenperature/V%*%ﬁEFBGﬁsFﬁft%ﬁ t i onshi ps, .mass bal ance rel ationshi ps

g ang data regar dlhng oi | Iandh\eatperrﬁ@pﬁileﬁampla given abosfe t artper at ure
an pressure The rocessor R,u &5 this d apd the.tran g s to
det ermi ne oil, gf" teRq15add PS5 38| gﬁef"ﬂ étt %ovs'f/mr aiilné %&L -
information i useueneaa Mhaffﬁestcsapaoatong FhanpﬂsﬁfﬂﬁtﬁﬁVQhE choke..
This may be done i.C B | oyi ng the multi-phase

By BHLRERLCY ! 8o {BP&Q{;&MS ¥ 1Rl oyi ng p

anal ysi s system |nven on an off-shore platforn130
with nultiple well s cant exmtmlmm%mveh'entpbasmmqmemforﬁ%‘a% WBg| -

can be achi eved. Co sttt LnyaRE PURT1ECHVEN baRRAGRIENL.  The
anal ysis al so- prOV|des % nore:representative fIOM/n%d;urene t fron1the

wel | head due to measmzenest Ofr%s®b§§élgﬁﬁé cofpele Pl WAL T{RLT
separator” d'fﬁusﬁthQQQ"ﬂhe measurement bexng done in a laboratory.

Eug'a shows the laymn: of a test Jrstalhnnnn This
1nstallatmon is only used as a s1mnlator of the apparatus of
the lnmxmaon and is not camﬂzucted ln acumxkume with the

apparatus chmms herein. o \;/_

The m1xture tested was a mlxture of dlesel, water and
‘air. The water, dlesel and air were fed into the _
system via flow meters Ml; Mz and M3 and through gate

7

valves Vs, Vg ‘and. Vlg respectlvely 'M] was a Fisher and

Porter Rotameter Mz a VAF posrtlve displacement vane
meter and M3 a Fisher and Porter Purge Rotameter. The
gate valves were used to vary the inlet flows. |

' The flow of’ the various phases passed to a
static flow mlxer 1 whlch provided for a homogeneous:
three phase flow. A clear pipe section 2 was prov1dec
for enabllng visual 1ﬂspect10n

| The: mlxture passed to the test c1rcu1t sectron :
of the 1nstallatlon where measurement of the flow rate
was made by meter Mg whlch was a Mlcrometer D40 mass
flow meter w1th the DT7 aensrty and temperature and
DT10 flow rate and flow stablllzatlcn units. The flow
meters Mj. M2 and M3 were’ calrbrated agalnst meter My
before the test and the’ meter M4 was volumetrlcallv
callbrated before the test '

The pressure gaugePG measured the pressure at

the meter M4 ‘and the pressure gaugefm was used in
conjunctlon with meter M3 to give the inlet air flow.

-
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In the pA86/WB4r exanpl e given above, the systemis |ikely RETHEL 84000670
noni t or, s uggi ng flow 5 wher.eas the "test separator" cannot effectively
owi ng tto its poor response tine. An.exanple of nmulti-phase nmeasurenent
‘accarding to the present invention is given below for neasurement ofa
dist¥flate fuel oil/water/air 10 nixture, the measurenent being done in
a laboratory. Fig.8 shows the |ayout of a test installation. This
installation is only used as a sinulatoi of the apparatus of the invention
and is not constructed in accordance w ﬁ'the apparatus clains herein. The
mxture tested was aTHeXiwdBved Wiﬁsv%, gl en antsaiand Vijievewd earranged|

d ai fed into th t ' I d:
Chrough gat o vaFPeCTETIL S TLFPFEFB0RE: FIovy 270 &7 Mimethe P EREP AR
Porter Rot amdireppitha géfe poslveve thipl xadwimy wermangsmentndagerr] a

Fi sher- and Porter Purge Rot ter. . _Jhe ga val vary the
inlet flows. Th&S@d (ﬁs%Wég%%§i%B§t5§3@eéﬁ a§§é§E¥%§%S%$%f?%ﬁ$IOM/nixer 1
whi ch provi dad faressdrmechopping t ateeplase Risowuchh clearapierl¥ecti on 2
was provided fo j .SWEQ Losp b2NM, The vt Wik P dto the test
circuit secti on-%c?%%ti%ézﬁ'gs%/%l ati%ﬂé_mﬁ%{rzsgmésur erreer% 'cgfathe | ow rate was
made by nmeter M4 which was a Mcroneter D40 nmass flow neter with the DT7

density and tenper at ureitdull DFd@dihgw wetre aaken @f trdithiesi DALERItS.
The f1ow flows and upstream conditions at the meter My thereafter
the system was reversed to simulate downstream conditions

10 and further readings were taken. Table 1 sets out the

At results of four tests conducted.
The mathematics involved with test number 2 are
given below. '
Initial Known Data
15’ Density of water ( Pw) ' 'l.OOs:g.
Density of diesel ( Ad) ' 0.828s.g.
Density of air  ( Fa) | 1.29%10° (0°C 1 Atmos)
Before Valve V7 (UPSTREAM) After Valve V7 (DOWNSTREAM)
Moy 19.2 Kg/min M2 19.2
- 20 py 330 KPng P, 265 .
el T1 19.4  °c ) 19.4

pri 825 s.g. pr2 812



met e/ and [err] were calibrated agai nst neter M lp@f'ﬂ[\@_gk ggest
and t?])e&{r{eégedr‘s M4 was volunetrically calibrated-before the test. e

pressure gauge [err] neasured the pressure.at the.neter MA and the

pressure gauge [err] was used in conjunction with nmeter M3 to give the;,,m

inlet air flow. WO 86/ 05586

PCT/ AU8B6/ 00067 -1 1- The val ves [ér2r] and [err] were arr-anged to
control the direction of. fl ow and V7 was the pressure dropping gate val ve.
Thi s val vi ng é&i&&gm-%ed to sinmulate upstream and downstream of
the 5 pressure dropp| ng valve V7. . As such, .it was only necessary to use
one neter M4 rat J. ni, t aI| r 14NGs ken ef ,t three
inlet flows and: u tream c\?’é {‘I ong Wat ?'Er?cej rret/emﬁkm \t’ﬂergafgté/nl?'ﬁe system
was reversed .to Shailstiereofbsysecasreordirtriertsd kandal ibrheedr €adivegs were

taken. Tabl e sets aqut. t resulLts of four tests conducted. The
mat hemati cs | \’/’8!“\/(5’(]’’vﬁ’t"ﬁ1 cEFROREEr 2 are gi ven below. Initial Known Dat a

15 Dersity ofCalahYagin@rvolume flows Erdddsalpvéensity of diesel (.
[err]) 0.828s.g.,Density of air_ . ( ess1) 1.29Xerr]
([err] 1 Atnos) Vo1 = Tl Vg =12 " '
Ari Ar2
é 23 2 z/m:.n' = 23.6.¢ /min

Wpy = Vg' o+ V' + Vg' = 233 2 /min

10 The expected change in Vp due to the change in
gas volume induced across Vo can be calculatéd from
PV = nRT (ideal gas). ' _ .
F_dr .-t_his_ case nRT is constant. -

P2 _ .
15 'V.gl = 2.2 z/mm Vg2 = 2..6 % /min

(This result compares with avep as measured by Mg
of 0.4 %&/min). '

Given that the volume flow rates of diesel and
+ 20 water will remain constant across V7 ; that is

Val + Vw1 = Va2 + Vw2
then the measured change in volume flow rate across V7

is the flow rate change in the gas phase; that is



Bef ore Wah ¥g/0 UPSTREAM) After Val ve V7 ( DOANSTREAM [er,
Kglmin T2 /gggé] 19.2 20 [err] 330 KPNng ﬂ&Tprsﬁﬂhuéf

265 [ert] »  19.4 [err] 19. 4 [err] . .825
[err] . 812 MO 86/ 05586
PCT/&BBG/OOOG? -12- Inlet Conditions Vf3-10.7 [err]/mn : [err] 10.4
[err]/mn Vg 2.2 [err]/m n The above flows were corrected to calibrated
flows from ori givagl - eagh ngsvgp + vd§ath t i-N@ J40l4une _{Iowsvfiom above
[err] = [J[err] =23.2 t/mn = 23.6 [err]/mn err] [err] -
[err] = 0.4 [err]/mn [err] =[err] + [err] + [err] 23.3 [err]/mn 10
The expected change in VT ®Fuégpo +hésghange in gas volune i nduced across VT
can be calculated fromPV = n (ideal gas). For this case nRT is constant.
[err] = [err] (using Vg' = 1.7 [err]/mn @?470 KPng) 15 [err] = 2.2
[err]/min  [err] = 2.6 [ePrdVgiP Pedr]L#miarr] 0. 4 [err] /mn (This

resul . compar os iy [¢8id ) iSa ITGSY" PRDYaMndls Qubdagrdd /M 1)
5 ng = Vgl + Avg
‘= n RTl + Avg = nRTz

Pl P2
nR = Avg.
N\ T2 _ 11
P2 Pl

From the above result 4Vg. = 0.4 /min

T1 T2 = 19.4 °C
10 Pl = 330 KPag '
P2 = 265 KPag

At meter M3 Pa = 470 KPag T= 20°C

Vg = 3.3 X 293 = 1.7 %/min

= | 571

15 This compares with the calibrated inlet volume of
1.7 %min . Changing the above flow rate to the flow
rates at the upstream and downstream
Vgl = 2,2 Z/m%n
Vg2 = 2.6 2 /min

20 To find the gas density at the above conditions
it is necessary to know its molecular weight
M = 29 kg/kmol



G ven that the volune flow rates of diesel and 20 water will remain -
const4Et86/05586s V7 ; that is [err] + [err] = [err] then thecreasgspdoghange
in volume flow.rate across V7 is the flow.r-ate change in the gas phase; .
‘that is WD 86/ 05586 , ok
PCTZ AL86/ 00067 -13- [ERR] Using the ideal gas law in this instance [ ERRFS .

From t he above result [err] = 0.414err]/mn Tl =T2 =TJerr] 10

P1 -= 330 KPag P2 = 265 KPag nR = 3.3 At neter M3 Pa = 470 KPag T= [err]
[err] = 3.3 X 293 = 1.7 Jerr]/mn 571 15 This conpares with the
calibrated inlet voyagg of =1. 5 [ierrd/@in . Changing the above flowrate to
the flowrates at th pstream gand downstream Vgl = 2.2 Jerr]/mn Vg2 =
2.6 [err]/nin 20 Té& $fnd fhe4gg%-d%%§ity at the above conditions it is

necessary to know its nol ecul ar wei ght
Thé calculation of the water and aiesel flow rates
can be found ffom'the.follOwing'eqhations

Vy = M1 - Mgl +/d (Vg1 - Vpp)

-/Qw_-10d

Vg = Mp1 - Mg1 + Pu ( Vg = V1 )

fad 1fb

Substituting vélues into the above

Vy = 10.5
Vd7.= 10.5 . -

10 These are comparable to the inlet flows



10.5

- a3 BFTLseAmST
WO 86/ 35586
cont i nuous

flow rates can be found fromthe
MS 1. A nethod for

5.1 g/lferr] [err]
-16- CL Al

[err]

[ ERR]

These are conparable.tfg.the inlet flows
~anal ysis of a nultiphase m xture

14-
-15-

i’ng equations [ERR] Substituyting values into the above [err]
10.5 10 -

=

29 KYOk§A05586 WO 86/ 05586

cal cul ation of the water and diese]-

fol l g
PCT/ AU86/ 00067

PCT/ AU8G/ 0Q067 -

[err]
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flowing along a flow path for' deternrining selected properties of .the

m xture or of phases of the mixture, the nmethod.including the steps of : -
(a) ¥irst, deternining the pressure, tenperature, density and mass flow
rate of the mxture at a first point upstreamof a characteristic change"‘*
zone in the flow path; (b) ‘causing a change in at |east one ‘f‘ﬁ

characteristic of the mxture flowin said characteristic change zone;"(c)

thereafter determ ning the pressure, terrperature, density and nass flow
rate at a second point downstream of said ch.gﬁact eristic change zone; .and
(d) determning the selected properties of the m xture or of one or nore
phases of the m xt 1 basi s of: the I nformation coll ected together
wi t h known paraneters using al gorlthms . A nmethod according to claim1

wherein the characteri an ed | S.pr.essure. A et hod. _

“according to claim V\:?EIF%ﬂH%é cﬁ%?ct Myﬂﬁ # s"‘%’f‘éﬁ’&%ﬁf faxture -

tenperature. 4. A fiowhing aiougrdlﬂgmtmtzﬁ fomdetetmindng sélectbd rmopertitsi C -

- which is changed i h o} t L X L4 a a e
partial separati ons% ?ﬁée H:nases in t f xturtéJf '?&Aqﬁ%qﬁpd’ accor‘ggng 0’

claim 1 wherein salfd‘cé-ﬁﬁ%%ﬂ:ﬁ?l%tﬁpé énge isinitiated by a change ot her

than between said t{#) poifirstyhisterfuErs thal fradiabal !t Siipelhtin®))2B8ksity

and mass flow rate of the meture at a first po:Lnt upstream of
a characteristic change zone in the flow path;.

(b) causing a change in at least one characteristic of the
mixture flow in sa:.d characterlstlc change zone; U
(c) thereafter _detemum.ng_ the pressure, temperature, -
density and mass flow rate at a second point downstream of
said characteristic change zone; and -
(d) detemu.m.ng the selected pmﬁert:.es of the mixture or of
ocne or more phases of the mixture on the ‘basis of the
information collected together with known parameters using
algorithms.

2. A method according to claim 1 wherein the characteristic
which is changed is pressure.

3. A method according to claim 1 wherein the characteristic .
which is changed is temperature. ' ) o/

4. A method according to claim 1 where:.n the characteristic
which is changedlstheoatpos:LtJ.onofthenuxture causedby
at least a partial separation of the phases J.n the mixture.

5. A method aobording to claim 1 wherein saJ.d characteristic .
change is initiated by a change other than between said two
points which causes said characteristic change.

Ay



- 17- 6. A nmet hod according to any preceding claimincluding the step of
utilizing an jnterfaced conputer to déterm ne the sel ected properties. 7.
Apparatus for continuous anal ysis .of-a. multiphase mxture flow ng along a
Tlom/gath for determ ning selected properties of the m xture or of phases
of t¥® m xture, the apparatus conprising: a first neans for directly
measuring the density and mass flowrate at a first point upstreamof a
characteristic change zone in the flow path; neans for causing a change in
at | east one characteristic of the mxture flow in said characteristic

change zone; and a second neans for di rectly asuring the density and the
mass flow rate at a $econd pethed dovarsingain @hyt precetimnc cleim sincduding ghe

zone, the arrangenents:ta.fi.eﬁ SeeliAiRg! afi CiRGh 3ol OBSIJULES € hBGerMiXs UkRe OF
of one or nore phases the m xturé can be determ néd on the basis of the
i nformation col | ected BFORFHASScnown parameters using al gorithns. 8.
Apparatus according to claim?7 including a conputer arranged so that the
properties of the m xtur e m {]EQ r e infor | qmil
from t he=ot her partsxi)'f th a%%%r%%s. . ugégé&gfsugga%corg#%sgo C g?%7
or claimB8 wherein tH3owing adengistilowipath forsebemnising credacted proparddedy
a choke valve. 10.  APRAEAREEHAEC W di0RI phisdd M theOnikhle] Shuhgpsirathde

characteristic changed is, the conposition of the m xture
L -~ comprising:

a first means for directly measuring the density and mass
flow rate at a first point upstream of a characteristic change
o . _ . .zone in the flow path;

' means for causing a change in at least one characteristic

of the mixture flow in said characteristic change zone; and
a second means for directly measuring the density and
the mass flow rate at a second point downstream of the
characteristic change zone, the arrangement being such that
selected properties of the mixture or of one or more phases of
. the mixture can be determined on the basis of the information
collected together with known parameters using algorithms. |

- 8. . Apparatus- according to claim 7 including a computer

arranged so that the properties of the mixture can be

determined from the information obtained from the other parts
U o - . of the apparatus.

9. Apparatus according to claim 7 or claim 8 wherein the
characteristic is a pressure differential caused by a choke
valve.

10. Apparatus according to claim 7 or claim 8 wherein the
characteristic changed is the composition of the mixture
caused by phase separation by a hydro cyclone.

[ ————
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caused by phase separation by a hydro cyclone 11. Apparatus according
to any one of clainms to 10, wherein said first.and second neans are nmass
flow nmeters. 12. A met hod of controlling-discharge froma well head
conprlélng the steps of analysing the multi-phase m Xxture being dlscharg’ _
fromthe well head in accordance with any one of clainms 1 to 6 and from#he .
results obtained controlling the discharge conditions in a selected manner.
13. A nethod according to claim12 wherein the discharge of the mxture.

fromthe well is controlled by a choke, _jge nethod including operating the
choke in response to the results obtained. 14. A nmethod according to claim
12 wherein the discharge of the' m xture - fromthe well is controlled by the

delivery of gas to the,well .the nmef i.nc nt.rol.ld t d I|very
of the gas in respoi‘?‘s‘eAP%artaﬁ i & &Jg'%o W&n‘g %P tl atg'ﬁ {Qa’o

control ling di scharsyadffmtaanélmmaappmt ﬁbdw tletetg; characterised
by multi-phase analysis apparatus for analysing multi-phase mxtures

according to any one of clains 7 to 11, having. a,choke operativel
connected to the diXcharg® PeEROS o PRErRIANT heksrhange c S H%é‘ushﬁfa@r

cont rg: i ng openi nw@ﬁlﬁlngsf i1 oétepal 6fc|mhey§;mgd mgm{;l-rpmga h@xﬂg_»el
operable in respon to in matj @n_.recei sai | ti- se_anal ysis
appar at us. sbe éJ. cgarged $hon €k (ﬂ heacfnm accordarnce P ‘81 Ghe’
of claJ.ms 1 to 6 and from the results obtained controlling the,
discharge conditions-in a selectéd'nm.

13. A method accord.mg to cla::m 12 wherein the discharge of U .
the mixture: fram the well is controlled by a choke, the
method including operatmg the choke in response to the
results obrt:an.ned ' :

14. A method accérding to claim 12 wherein the discharge of

" the mixture from the well is controlled by the delivery of gas
to the well the method including controlling the delivery of
the gas in response to the results cbtained.

15. Apparatus for controlling discharge from a well head the -
-apparatﬁs - being -characterised by multi-phase analysis |
apparatus for analysing multi-phase mixtures according to any
- one of claims 7 to 11, having a choke operatively connected to
the discharge line from the well head and control means for
" controlling opening and closing of said choke said control
means being operable in response ‘to J.rxfomatlon received from
said multi-phase analysis apparatus '

T



-19- 16. Appar atus for confrolllng di scharge froma well head, the
appar at us bei ng characterised by nulti:phase anal ysis apparatus according
_to any one of clainms 7 to 11, neans:for delivering gas to the well having
'vahve.neans control ling t he quantity of gas delivered and control neans for
coﬁh@olllng opening or closing of said valve neans said control neans being
operable in response to information received fromsaid nulti-phase anal ysis
apparatus. 17. A nmethod according to claim 1l substantially as described
herein. 18. Appar atus according to claidmg—/ substantially as

descri bed herein with reference to Figs.. 1 to 5 of the draw ngs. 19. A
nmet hod according to claim 13 substantially as described herein with
reference to Fig. 6 16f thepmxaﬂmagﬁbr Z:@ntrolllngrmshhdrg&:dmmjlagweld tiead,m

14 substantially as %Qp& C Ombitd —oHadef
drawi ngs. 21. Aptgigra S accorl%hﬂ% to ccg'{afnﬁ%%q’gjbsté%t Iy &Qﬁyﬂs
descri bed herein wi ERPREARSAEETHING WP BYoPne IRE FHalirshgs t°221r means for

Appar at us accordi ng dtevéﬂmgf’@aslﬁoSﬂiéSwaﬂ inaking aald@&%nb&d:d&eéﬂmw@

ref er-ence to Fig. 7ot ¢ e ng<§e11vered and controcl means for controlling
openmg or closing of said valve means said control means
being operable in response to information received from said
multi-phase analysis apparatus.

17. A method according to claim 1 substantially as described

- herein.
18, Rpparatus according to claim 7 substantially as
described herein with reference to Figs. 1 to 5 of the
drawings.
19. A method according to claim 13 substantially as
described herein with reference to Fig. 6 of the drawings.
20. A method according to claim 14 substantially as
described herein with reference to Fig. 7 of the drawings.

W, 21. Apparatus according to claim 15 substantially as

described herein with reference to Fig. 6 of the drawings.

22. Apparatus according to claim 16 substantially as
described herein with reference to Fig. 7 of the drawings.
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