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PCT PATENT APPLICATION

ULTRASONIC MEASUREMENTS FOR MULTIPHASE FLUIBS

BACKGROUND OF THE INVENTION

i. Field of the Invention

{8001} The present invention relates to ultrasonic measurements of multiphase mixtures of
oil, water and gas flowing in pipes or conduits, and particularly where the mixtures have a high

presence or quantity of gas content in the flowmg migtures.

2. Bescription of the Related Art

{0882} Tomographic imaging of flow tends to focus in general on the mmaging of two
phases. The technique generally used for two phase flow reconstruction has been based upon
what 1s known as the filtered back projection algorithm. This tyvpe of flow reconstruction is
descnbed for example by Kak, Avinash C., Slancy, Malcolm “Principles of Computerized

Tomographic Imaging,” 1EEE Press, New York, USA (1988), and Murrell, H. “Computer-

Aided Tomography,” The Mathematical . V6 (19963}, pp. 60-65.

{31 However, because of the nature of the fluids present in production of oil and gas 1t
s necessary to form images of three phase flow i conduits mvolved m hydrocarbon
production. Because of the different fluid properties of water (brine), oil and gas it 1s difficult
to address all three sets of fluids simultancously. In the case of oil-water or water-o1l multiphase

flows, the medium has been utilized. In the case of liquid-gas or gas-hiquid Hows (where the

hquid is brine or oil or both} an attenuation approach has been utilized. As far as is known,
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neither method, however, has provided a wholly satisfactory measure or representation of a
three phase multiphase flow cross section or of determined volume fractions of each of the
three phases. This 18 particularly the case when there s a significant volume of gas phase in the

flowing nmixture.

{88841 As disclosed in commonly owned United States Patents Nos. 9424674 and
9,404,781, flow measurcs and tomographic images of multiphase mixtures have been obtamned
when the multiphase mixture is in laminar flow at the location along the pipe where transducer
arrays were located to obtain ultrasonic measurements from the multiphase mixture. For this
reason, structures m the form of bluff bodies have been mounted in the pipe for the specific
purpose of causing laminar flow to be present in the flowing fluid when the fluid passed through
the ultrasonic transducers for the purposes of measurement. During laminar flow, the velocity,
pressure, and other flow properties at each pomt in the thuid remain constant. The multiphase
fluid duning laminar flow moves n paralie] layers, with no disruption between the layvers. In
faminar flow, the muoltiphase fhud tends to flow without lateral mixing the flaid moves through
the pipe or condat, with the upstream structure causing the fhuid to flow substantially along
that longitudinal axis. There is thus nunimal flow of the multiphase fluid in directions or planes
transverse the longitudinal axis of the pipe. Actual flow conditions of the multiphase fluid are,
however, typically not those of lammmar flow. Under actual flow conditions the formation of
accurately indicative measures and mdications of the flow conditions and flow rates of the
various phases has proven difficult. This is particularly the case when there is fluid containing
a significant percentage of gas, or in conditions when the gas flow is not uniformly distributed

in the maltiphase fixture.
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SUMMARY OF THE INVENTION

HRGR!  Bretly, the present invention provides a new and improved apparatus for forming
measures of cross sectional composition of a three phase oil, gas and water flmd nuxture in
multiphase flow in a conduit. The apparatus inchides a swirl blade section mounted 1n the
conduit causing vortical flow in the fluid mixture in the condwit. The resultant vortical flow
causes the gas to form a central flow region within an outer annular region of the oil and water
of the mixture. An array of a plurality of ulirasonic transceivers is mounted about the periphery

of the conduit downstream of the swirl blade section. The ultrasonic transceivers transmit

ultrasonic energy pulses for travel n the mixture in multiphase flow in in the conduit.

{86} The ultrasonic transceivers mounted about the conduit further receive ulirasonic
signals after travel of the transmitted ultrasonic energy pulses in the muixture in multiphase flow
in in the conduit. A digital control circuit of the apparatus controls a measurement sequence of
the ultrasonic transceivers. An output signal processing circuif receives measures of the
pltrasonic encrgy from the enabled assigned ones of the of the plurality of ultrasonic
transceivers and transters the digital data signals for processing by a data processimg system to
determine the cross sectional composition of the oil, gas and water mixture in multiphase flow
in the conduit. The data processing system forms an cutput display of the determined cross
sectional composition of the three phase oil, gas and water mixture in multiphase flow within

the conduit.

(08T The present invention also provides a new and improved method of forming
measurcs of cross sectional composition of a three phase oil, gas and water fluid nuxture
multiphase flow in a conduit. A vortical flow is formed in the fluid mixture in the conduit,
causing the gas to form a central flow region within an cuter annular region of the oil and water

3.
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of the mixture. Ultrasonic energy signal pulses arc transmitted for travel in the mixture in
multiphase flow in the condwit, and sltrasonic energy signals are received after travel in the
mixture in multiphase flow n the conduit. The received ultrasonic energy signals are processed
to determine the cross sectional composition of the oil, gas and water mixture in multiphase

flow in the conduit. An output display is then formed of the determined ¢ross-sectional

composition of the o1l, gas and water mixture in moltiphase flow in the conduit.

BRIEF BDESCRIPTION OF THE DRAWINGS

{981 Figurce 1 is an isometric view of an ultrasonic measurnng system according to the

present tnvention for multiphase fhuds in a fluid pipe or conduit.

IS Figure 2 18 a cross-sectional view of the ulirasonic measuring system of Figure |

along a fongitudinal axis of the pipe.

Il Figure 2A 15 a cross-sectional view taken along the line 2A - ZA of Figure 2.

{88111 Figure 2B 15 a cross-sectional view taken along the line 2B - 2B of Figure 2.

{88121 Figure 3 is a cross-sectional view of the structure of the ultrasonic measurning system

and conduit of Figure 1.

{6413} Figure 3A is a cross-sectional view taken along the line 3A — 3A of Figure 3.

{034} Figure 4A is a2 plan view of a swird flow inducing blade body of the ultrasonic

measuring svstem according to the present invention.

{018} Figure 4B is a plan view of another swirl flow inducing blade body of the ultrasonic

measuring svstem according to the present invention.

A
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{8816} Figure 4C 1s a side elevation view of the swirl flow inducing blade bodies of Figures

4A and 4B.

{88171 Figure 41 is a plan view of another swird flow inducing blade body of the ultrasonic

measuring svstem according to the present invention.

{8818} Figwre 4E 1s a plan view of another swirl flow inducing blade body of the ultrasonic

measuring svstem according to the present invention.

{8819} Figure 4F is a side clevation view of the swirl flow inducing blade bodies of Figures

4F and 4E.

{3828 Figure 5 is a schematic electrical circuit diagram of processing electronics of the

multichannel ultrasonic imaging system according to the present invention.

{8821} Figure 6 15 a schematic diagram of a data processing system of the processing

clectronics of Figure 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

88221 In the drawings, the letter A designates generally an apparatus according to the
present invention for forming measures of cross sectional composition of a three phase oil, gas
and water fluid mixture M of o1l, gas and water (brine) in nltiphase flow i a pipe or conduit
C. The measures of cross-sectional flow are deternuned from ultrasonic tomographic
measurements of the flowing multiphase {oil, gas and water/brine) fluids of the mixture M. The
multiphase flow is recetved as inlet flow as indicated at 10 (Figure 1) in the pipe or conduit .

The conduit C may, for example, be production tubing or surface piping as shown at 24.
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8231 The multiphase fluid in the inlet flow moves in the conduit € from an upstream
direction ag indicated at 10 through the conduit C past the apparatus A, continuing dowastream
as mdicated at 12 as exit flow. The apparatus A includes a tomographic measurement and
mmaging svstem T (Figures 1, 2 and 5) mounted with the conduit C, a data processing system
D {Figures 5 and 6}, and a vortex indacing swirl blade section B (Figures 1, 2 and 3}. The swirl
blade section B is mounted on interior wall 16 of the conduit C upstream of the tomographic

measurement and imaging svstem T,

i34} The tomographic measurement and tmaging system T includes an ulirasonic
transducer array U to sense indications of the multiphase flow 10 1s as 1t moves downstream,
Based on the multiphase flow sensed by the ultrasonic transducer array U, the tomographic
measurement system T forms measarements from which the data processing system D
determines volume fractions of the gas and hguid phases of the multiphase flow. The
tomographic measurement system T also forms measures of the multiphase flow from which
the data processing system D determines flow rate of individual phases, and also provides a

three phase measuwrement and imaging functionality.

HMIESY  The ultrasonic transceiver array U is formed of circumferentially disposed ultrasonic
transceivers 20 (typically fifteen or more) operating at a fixed frequency, or a narrow band of
measurement frequency, for example in the range of 150 kHz (kilohertz). The transceivers 20
are mounted with conduit € so that they are closely coupled acoustically to the multiphase
flow. It should be understood that it is also possible to replace the transceivers 20 with

transmitter-receiver pairs,

{6026]  The olirasonic transducers 20 around the pipe wall 24 transmit and receive ultrasonic
energy and sense component fluid contents and movement of the multiphase hiquid within the

G-
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pipe C. Flow of the upstream multiphase fluid suxture M (Figurc 2A} passes through swirl
blade section B upstream of the tomographic measurement system T (Figures 1 and 23, The

multiphase liquid 1s not shown m Figures 1 and 3 in order that the swirl blade section B may

be more clearly shown.

§88371  The swirl blade section B causes the flowing fluids in the multiphase fluid to begin
vortical flow along a longitudinal axis 30 of the conduit C. o the induced vortical flow, the
fluids exhibit a swirling motion, forcing a gas phase 32 (Figures 2 and 2B) to a cvlindrical
central region along the longitudinal axis 30 of flaid flow through the pipe C as the flow moves
through the tomographic measurement transceivers 20, The mduced vortical flow is ndicate

schematically by arrows 34 in Figure 28.

{80281 The cyhndrnical vortical flowing gas phase 32 is enclosed within a flowing annular
outer mantle or siceve 40 of the denser hiquid {otl and water) of the multiphase flow. This flow
formed according to the apparatus of the present invention allows measurement of gas content
of the multiphase fluid. Measurement of the gas content is based on two-way travel time of
transmutted ulirasomic pulses which are reflected as indicated at 36 from an mierface 38
between the cylindrical gas phase 32 and the outer annular mantle or sleeve 40 as the

multiphase flow passes the tomographic measurement system T,

HMIERY  According to the present invention, and as shown in Figure 1, the swirl blade section
B includes a suitable number, preferably at least four, of flow directing swirl blades or fin
clements 52. The flow directing swirt blades 52 are located on mmterior wall 16 of the flow
conduit € upstream of the tomographic measurcment system T. The swirl blades 52 gencrate a
high swirling or vortical flow of the cylindrical gaseous phase 32 along the longitudinal axis

30 of movement of the multiphase fhud muxture as it propagates downstream throogh the
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tomographic measwrement system T. The swirl blades 52 have several different shapes
according to the present invention. For example, the swirl blade bodies 532 may be of the various
forms as shown in Figures 4A, 4B, 4D and 4E of twisied fins along thewr longitudmal extent

over the interior wall 16 of the condui C.

{88381 The flow directing swirl blades or fins 52 are generallv aligned with the longitudinal
movement of the multiphase liquid as mdicated by the arrows 10 and 12 along the longitudinal
axis 30 of the pipe C. A suitable inward exient for the blades is in the range of from about 25%
to 40% of the inner diameter of the pipe C. The length of the blades 52 1n the direction of fluid
flow should be approximatelv the same as the diameter of the pipe €. The spacing of the blades
52 from the sensors 20 along the conduit € in the direction of fluid flow should preferably be

about five times the diameter of the pipe €.

{8031}  The flow directing blades may be of a number of configurations. The switl flow
mducing blades 52 are shown as several contemplated embodiments (Figures 4A through 4F).
Figures 4A, 4B, 4D and 4E are plan views representing the structure of example flow blade
bodies contemplated with the present invention independently of the mner cylindrical wall 16
of the pipe 24. Thus, a first example flow blade body 152 (Figure 4A} includes an inner body
wall joining portion 154 shown as a continuous linear plane along and parallel to the direction
of fluid flow [0 in the pipe 24. When actually installed or mounted in the mner cvlindrical wall
16 of the pipe 24, the inner body wall joming portion 154 conforms to the curved cyvlindrical

wall 16, as shown m Figures I, 3 and 3A.

{8832} The first cxarople flow blade body 152 shown in Figure 4A extending inwardly from
mner body wall joining portion 154, An upstream section 156 mitially extends longitudinally
at an upstream section 138 along inner wall 16 of the conduit in a plane aligned with the

8-
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longitudinal axis of the conduit, transitioning into an arcuate or curved flow blade portion 160,
as shown in Figure 4C. The arcuate or curved blade sarface 160 transitions as a curving plate
member over its extent along the wall 16 of the conduit to a downstream end portion 162
extending at an angle from between 30° to 457 from the direction of fluid tlow. The swirl flow
mducing blade body 152 extends radially inwardly from inner body wall joining portion 154 a
vniform distance from the nner wall 16 of the conduit as shown in Figure 4A along its length
mn the direction of movement of the fluid mixture through the conduit, as indicated by an arrow

10.

0331 Figure 4B ilustrates an alternative flow inducting blade body 252 according to the
present invention configured with an arcuate or curved flow blade portion 2354 like that of the
flow directing blade body 132, The flow inducting blade body 252 extends radially inwardly
as indicated at 256, along s length in the direction of flmid movement, an increasing distance

from the inner wall 16 of the conduit.

{88341 Another example flow blade body contemplated with the present mvention as a flow
blade 52 is shown as flow mducting blade body 352 in Figure 4D extending mwardly from
mner body wall joming portion 354, As seen in Figure 4F, the flow blade body 352 1s formed
as a continyous planar member along the length of its longitudinal extent 1n the conduit. The
flow blade body 352 extends m and inchined plane to the longitudinal axis 30 of the pipe C.
The inchined planc is preferably at an angel 10 a range of from about 30° - 45° form the pipe
axis 30. The flow blade body 352 is also formed extending inwardly a uniform distance from
an mner body wall joining portion 354 the mner wall of the conduit as shown in Figure 4D
along its length in the direction of movement of the flmd muxture through the conduit, as

mdicated by arrow 10

0.
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{3038 Figure 4 illustrates an alternative flow inducting blade body 452 according to the
present invention formed as a contimuous planar member 454 along the length of iis
longitudinal exient in the conduit hike that of the flow directing blade bodv 332, The flow
mducting blade body 452 extends radially inwardly as indicated at 456, along its length in the

direction of fluid movement, an increasing distance from the inner wall 16 of the conduit.

{8381 Thus it should be understood that the flow directing blades according to the present
mvention may be of a number of configurations, examples of which are shown in Figures 4A
through 4F. The blades may be of uniform inward extent into the pipe from the pipe wall 16,

or may be formed tapering outwardly from an imitial upstream end along their length to a

downstream ¢nd portion

3T With the present invention, physical separation of the flowing gas phase from the
liguid phase of the flowing multiphase mixture is provided by the flow directing blade section
B. Accordingly, the present invention provides an ability to accurately measure the gas
component of the mudtiphase fluid suxture flowing i the conduit. This is particularly
important when conditions of gas flow in the pipe, such as chum flow, cause the gas tlow to
not exhibit uniform distribution in the flowing multiphase fluid mixture. Thus, the swirl blades
or elements 52 of the swirl blade section B 1n the pipe € upstream of the transducer array U
cause the flowing multiphase fluid to be physically separated into distinct gas and liguid phases
as the flowing liquid passes through the region of the transducer array U. Further, the present
mvention provides the ability for measurement of the gas content of the muftiphase flowing

fhad.

(0038 With the present wvention, fluid flow is caused as shown in Figures 2 and ZA to
switl cylindrically along the longitudinal axis 30 of the pipe by the swirl blades 52, The

-10-
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upstream swirl blades arrangement of the swirl blade section B forces the gas phase of the
multiphase fluid 10 the condurt € to transition to a gas swirl, the flow region of the gas core 32,

and further mmwardly toward the center of the pipe flow.

{80838 When the flowing multiphase fluid mixture travels through the swirl blades 52, the
structure and arrangement of the swirl blades canses a swirling effect to be induced in the
multiphase fluid so that it swirls in a vortical movement in a vertical plane transverse that of
the axis 30 of longitudinal flow of the multiphase fluid through the conduit . The swirling
flow introduced into the multiphase thitd by the swird blades 52 causes the fluid 1o swird with
a ligh vortex-like motion causing a phase separation between the gas and the hiquid oil/water
mixture 40 of the multiphase fluid. The less dense gascous phases are forced inwardly towards
the center of the pipe C along its longitudimal axis 30, The denser hiquid oil/gas mixture forms
a flowing annular ning in a planc transverse the longitudinal axis 30 of flnd flow through the

pipe about the inner core of the flowing gas.

{8848 As the traveling fluid passes through the transducer measurement array U
downstream of the swirl blade section B, the cylindrical swirling gas region 32 1s present in the
center of the pipe €, while the liquid phases 40 of oil and water are circumfeorentially disposed
cutwardly between the gas region 32 and the conduit wall 24, This allows the measurement of
the gas content based on the reflected waves 36 from interface 38 between the mner gas flowing

core and the outer liquid phases 40.

{081} The omitted ultrasonic waves from each of the emitting ones of the ultrasonic
transducers 20 bave part of their transmitted ultrasonic encrgy reflected at the mterface 38
between the inner gas core 32 and the outer annular ring 40 of the flowing liquid mixture. The
sltrasonic energy reflocted at the mterface 38 1s sensed by the adjacent receiving ultrasonic

-1i-
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transducers 20 of the transducer array and the time of travel of the ultrasonic energy from
transmission, reflection as mdicated at 36 (Figure 2B) by the interface 3%, and receipt by the
recerving ultrasonic transducers 20 s sensed by the processing clectronics circuitry E (Figure
5). The transducer array U forms ultrasonic measurements of sensed fluid conditions. The
wltrasonic measurements are provided as flow measurement data to the data processing system
D for determunation of volume fractions of the gas and liqund phases of the multiphase flow.
The data processing svstem D determunes flow rate of individual phases; and provides a three
phase measurement and imaging functionality. The activation and encrgization of the
mdividual ongs of the transducers 20 15 described 1n applicant’s U, S. Patent No. 9,989,397,

and which 1s incorporated herein by reference for all purposes.

{88421  The tomographic measurement system T of the apparatus A also includes processing
clectromes E (Figure 5) and a data processing svstem D (Figure 6) fo determine cross sectional
composition and imaging of the flowing multiphase mixture and provide output data indicating
the determined results. The processing electronies E operates according to commonly owned
U.S. Patent No. 9,989,387 The data processing system I3 in the preferred embodiment operates
according to commonly owned U.S. Patent No. 9,424,674 to determine and provide three-phase

descriptions of the multiphase mixture based on measurements from the tomographic

measurement system T,

{8043}  Asdescrbed in commonly owned U.S. Patent Application No. 9,424,674, the travel
of ultrasonic energy through the fluids 1n the conduit C occurs over a network of transmission
channels so that fluid propertics are measured based on travel times of ultrasonic pulses

sequentiatly emitted by individually activated ones ot the uitrasomic transceivers and adjacent

receiving transceivers 20 as indicated in Figure 2B.

12
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{044} The tomograpbic measurement system T preferably operates according to
Applicant’s U. 8. Patents Nos. 9,424,674, 9,404,781, 9,721,336, and 9,989.387 to provide the
tomographic images formed by the data processing system 3. Each of these commonly owned
U S, Patents is incorporated herein by reference for all purposes. As shown schematically n
Figure 4B, the central or vortically flowing or swirling core 32 of flowing gas inside the outer
annular mantle 40 of ¢il and water liguids of the multiphase fluid provides an example 1image

of the cross sectional composition so determined.

IB84%]  The cross sectional area of the core 32 of formed by the swird blade section B in
relation to the mterior cross sectional area of the conduit C 1s indicative of the relative
coraposition of gas in the multipbase mixture m the conduit C. The tomographic measurcment
system T and tomographic imagery rcconstruction methodologies for flow tomography of
multiphase flow in the conduit C are described in those previously mentioned, commonly
owned patents. It should be understood that other forms of imagery reconstruction may also be
used. A description of other forms of imagery reconstruction algorithms is provided by Avinash
C. Kak and Malcolm Slaney, “Principles of Computerized Tomographic Imaging.” 1EEE
Press, New York, USA (1988} and H. Murell, “Computer-dided Tomography,” The
Mathematical J. V6 (1996}, pp. 60-65.

{8846!  In the processing electronics circuitry E. the sensed measures of ultrasonic energy
travel time obtained from the ultrasonic transceivers 20 are converted info format suitable for
processing by the data processing system I3 according to the present invention. Travel fimes
measured for reflected waves from an interface 38 between the {flowing gas core 32 and the
cuter annular mantle 40 of o1l and water Hquids at the recetving transdacers indicate the radial
distance between the inner surface 16 of the conduit € and the interface 38, Determination of

the cross-sectional arca of the gas core 32 is thus based on the collected time of travel of the
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ultrasonic waves. The cross-sectional area of the hquid annulus 40 is the remaining cross
sectional area of the interior of condut €. In addition, the data processing system D quantifies

the amount of o1, and water, flowing n the annular region between the gas core and the pipe

wall.

When high gas volumes are present and due to the high swird flow imposed by the
awirl blades, the less dense gas phase forms a hollow core in the center of the pipe, while the
more dense phases, namely water and o1l with occupy the rest of the pipe section. When
ultrasonic waves arc sent from the tomographic transducers, there are reflections coming from
the interface of the hiquid and gas. These reflections are captured and processed m order to
assess how large in cross sectional area is the gas core in the center of the pipe. Knowing the
pipe diameter, the percentage of gas preseunt from these reflections is determined based on the
relative cross sectional arcas of the gas core and the pipe. The received ultrasonic signals also
contain information regarding the amount of oil-water mixtare i the pipe since the reflected
waves are also attenuated due to presence of water dropiets in the oil phase or vice versa, as
for a conventional tomographic measurement that is explained in commonly owned U. 8.
Patent MNos. 9.424.674; 9,404,781, 9.721.336; and 9,889,347 as has been described.

{8048] The phase fraction measurement for od, water and gas phases is computed 1n a
siilar manner using methods provided in previously referenced commonly-owned US.
Patents Nos. 9,404,781 “Multiphase Metering with Ultrasonic Tomography and Vortex

Shedding” and 9,424,674 “Tomographic Imaging of Multiphase Flows.”

R As flow moves through the conduit C, the tomographic array U which as descnbed
previously, gathers flow data to determine in the manner of Applicants” U.S. Patent No.
9,989,397, the relative amounts or fractions of o1l, water and gas contained within the cross
sectional area of the conduit C within the array U, The relative fractions so determined, and

14
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mean fluid velocity are then used 1 the data processing system D o produce m-situ estimates

for the o1, water and gas flows without the need for calibration.

{8058 The tomographic arrav U deternines a relative cross sectional fraction of oil, water
{or brine} and gas expressed as a percentage of total cross sectional area. Since the total cross
sectional area of the tomographic measurement section 1s known from dimensions of the pipe
these percentages provide an estimate of the exact cross sectional area of cach phase fraction
expressed in units of arca. For example, if the total cross sectional area is 0.5 m® (square
meters), and the oil cross sectional fraction i1s 30% then the total cross sectional arca of oil s
equal to 0.15 m?. A similar approach is applied to the other phase fractions based on the relative

phase fractions.

{80831 Figure 5 ilustrates the processing electronic circunt E according to the present
mvention. The processing electronic circuit E includes a signal control circuit 150 which
provides control of signal formation by the transducers and processing of the ultrasonic energy
received by the receiving transducers. Processing electronic circuit E operates for example,
according to the electronic processing operations described in commonly owned United States
Patent Mo, 9,989,387 The signal control circut 150 provides pre-amphification and a
switching capability which mintmizes cross talk between tomography channels. The signal
control circuit 150 converts multiple paralle! analog channels of data sensed by the array U into

a suitable data format to minimize both the number of extemal fecdthroughs and also the

bandwidth required for transmission.

{8033}  The signal control circuit 150 sends a pulse which is to be cnutted as ultrasonic
energy to the appropriate transceiver 20, The sigoal control circuit 150 amplifies the measured
signals after travel through the multiphase thid from the emitting transceiver 20 and converts
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the amplificd measured signals into digital signals by analog to digital conversion, and stores
the digital version of the measured signals in local memory. When a tomography measurement
cvele by the array U is complete, the signal control circuit 150 retrieves the stored digital

signals and transmits the signal digital data in serial form to the data processing system D.

{88831 The data processing system D processes the tomographic data n the manner
descnbed 1 Applicant’s U. S, Patent Application No. 9,989.397 proviously cited, and

generates a tomographic image cross section of the multiphase flow in the conduwit C.

{84 As ilustrated in Figure 6, the data processing svstem [ according to the present
mvention ncludes a computer 200 having a processor 202 and memory 204 coupled to the
processor 202 to store operating instructions, control information and database records therein.
The computer 200 may, 1f desired, be a Linux cluster such as 1s available from HP Corporation
ot other source, a multicore processor with nodes such as those from IBM, fntel Corporation

or Advanced Micro Devices {AMD), or a mainframe computer of any conventional type of

suitable processing capacity such as those available from IBM, or other source.

{BO8E] It should be noted that other digital processors, may be used, such as personal
computers in the form of a laptop computer, notebook computer or other suitable programmed

o1 programmable digital data processing apparatus.

{86581  The computer 200 has 3 user interface 206 and an output display 208 for displaying
output data or records according to the present invention to measure multiphase flow based on
and form tomographic images of multiphase flow m conduits based on tomographic data from
the transducer arrav UJ. The cutput display 208 includes components such as a printer and an

output display screen capable of providing printed output intormation or visible displays in the
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form of graphs, data sheets, graphical images, data plots and the like as output records or

mages.

{88571 The uscr interface 206 of computer 200 also includes a suitable user input device or
mput/output control unit 210 to provide a user access to control or access information and
database records and operate the computer 200. The mput/output control unit 210 also may
receive data measurements of flow obtained during data acquisition in the manner described
previcusly. Drata processing system D further includes a database 212 stored in memory, which
may be internal memory 204, or an external, networked, or non-networked memory as

mdicated at 214 m an associated database server 216,

{1881 The data processing system D includes program code 218 stored in non-transiiory
memory 204 of the computer 200, The program code 218, according to the present invention

is in the form of computer operable instructions causing the data processor 202 to form

tomographic images of multiphase flow in conduits, as has been set forth.

{803%] It should be noted that program code 218 may be in the form of microcode,
programs, routings, or symbolic computer operable languages that provide a specific set of
ordered operations that control the functioning of the data processing system D and direct its
operation. The mstructions of program code 218 may be stored in non-transitory form in
memory 204 of the computer 200, or on computer diskette, magnetic tape, conventional hard
disk drive, clectronic read-only memory, optical storage device, or other appropriate data
storage device having a non-transitory computer usable medium stored thereon. Program code
218 may also be contained on a data storage device such as server 214 as a non-transitory

computer readable medium, as shown.
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{08681 The imvention has been sufficiently described so that a person with average
konowledge in the maiter may reproduce and obtain the results mentioned in the invention
herein. Nonetheless, any skilled person in the field of technique, subject of the mvention herein,
may carry out modifications not described in the request herein, to apply these modifications
to a determined structure, or i the mamufacturing process of the same, requires the claimed
matter in the following clamms; such structures shall be covered within the scope of the

mvention.

{61} Itshould be noted and understood that there can be improvements and modifications
made of the present mvention described in detail above without departing from the spint or

scope of the invention as set forth 1n the accompanying claims.

18-



WO 2020/117682 PCT/US2019/064022

CLAIMS
What is claimed is:
1. An apparatas for forming measares of cross sectional composition of a three phase

oil, gas and water flnd mixture n multiphase flow in a conduit, comprising:

{a) a swirl blade section mounted in the condut causing vortical flow in the flud
mixture i the conduit causing the gas to form a central flow region within an outer annular
region of the oil and water of the mixture along a longitudinal of the conduit;

{b} an array of a plurality of ulirasonic transceivers mounted about the periphery of
the conduit downstream of the swirl blade scction, the ulirasonic transceivers transmitting
ultrasonic cnergy pulscs for travel i the mixture in multiphase flow in in the conduit;

() the array of a plurality of ultrasounis transceivers mounted about the periphery
of the conduit further receiving ultrasonic signals after travel of the transmitted alirasonic
energy pulses in the mixture m multiphase flow in in the conduit;

{d} a digital control circutt condrolling a measurcment sequence of the ultrasonic
fransceivers;

{c} an output signal processing circuit receiving measures of the ultrasonic energy
from the enabled assigned ongs of the of the plurality of ultrasonic transceivers and transferring
the digital data signals for processing to determine the cross sectional composition of the otl,
gas and water mixture in multiphase flow in the conduit; and

) a data processing sysiem forming an ouiput display of the determuned cross
sectional composition of the three phase oil, gas and water mixture in multiphase flow within

the conduit.
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2. The apparatus of Claim 1, wherein the swirl blade section comprises:

a plurality of swird flow inducing blade bodies extending mwardly into the fluid
mixture in rawtiphase flow 1 the conduit.
3. The apparatus of Claim 2, wherein the swirl flow inducing blade bodies extend radially

mwardly a uniform distance from an mner wall of the conduit.

4. The apparatus of Claim 2, wherein the swirl flow inducing blade bodies extend radially
mwardly an increasing distance from an inner wall of the conduit in the direction of movement

of the fluid mixture through the conduit.

5. The apparatas of Clamm 2, wheremn the swirl flow inducing blade bodies are formed
extending longrtudinally along an inner wall of the conduit 1n the direction of movement of the

fluid mixture through the conduit.

6. The apparatus of Clamm 2, wherein the swird flow inducing blade bodics are formed
extending longitudinally along an imner wall of the condwit 1o a plane aligned with the

longitudinal axis of the conduit.

7. The apparatus of Claim 2, wherein the swirl flow inducing biade bodies are formed
extending longitudinally along an inmer wall of the conduit in a plane transverse the

longitudinal axis of the conduit.

3. The apparatus of Claim 2, wherein the swirl flow inducing blade bodies are formed
with an upstream section extending longitudinally m an upstream section along an inner wall
of the conduit in a plane aligned with the longitudinal axis of the condwit, and a downstream
section extending in a plane longitudinally along an inner wall of the conduit in a plane

transverse the longitudinal axis of the condut.
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9, The apparatus of Clamm 2, wherein the swirl tlow mducing blade bodies are formed
with an upstream section extending longitudinally in an upstream section along an inner wall
of the conduit in a plane aligned with the longttudinal axis of the conduit, and a downstream

section extending as an arcuate surface along the inner wall of the conduit.

10.  The apparatus of Claim 1, wherein ultrasomc transceivers i the array receive reflected

ultrasonic energv signals from an interface of the central gas flow region with the outer anmular

region of the oif and water of the nuxture.

11 The apparatus of Claim 10, wherein the measures of ultrasonic energy received by the
cutput signal processing circuit comprise measures of the travel time of the reflected ultrasonic

encrgy signals.

12 The apparatus of Claim 11, wherein the data processing system determines the cross
sectional composition of the three phase ot gas and water mixture based on the measures of

the travel time of the reflected ultrasonic energy signals.

13. The apparatus of Claim 1, further including:

{a) the data processing system forming measures of the speed of travel of the
wltrasonic energy between mdividaal ones of the plurality of eltrasonic transceivers; and
(b} the data processing svstem forming measures of the attenuation of the ultrasonic
energy between individual ones of the plurality of ultrasonic transceivers.
14 The apparatus of Claim 1, further including:
an output display presenting the determined cross-sectional composition of the

oil, gas and water mixture in multiphase flow in the conduit.
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15, The apparatus of Claim 1, further inchuding:
the data processing system forming a synthesized composite image of the
relative presence and position of the three fluid phases over a cross-sectional area of
the conduit based on the formed measures of the speed of travel and attenuation of the
energy in the condutt.
16. The apparatus of Claim 15, wherein the output display forms an image of the
synthesized composite image of the relative presence and position of the three fluid phases.
17, The apparatus of Claim 1, further including:

{a} an input signal forming circuit sending a pulse to be emitted as ultrasonic energy
during the tomographic measurement sequence 1o a selected one of the plurahity of ultrasonic
transceivers for travel through the mixture m raunltiphase flow in in the conduit;

(b} the input signal forming circuit including a multiplexer responding to the control
signal from the digital control circuit to isolate the selected one of the plurality of ultrasonic
transceivers during enussion of a pulse of ultrasonic energy; and

{c} the input signal forming circuit multiplexer further responding to the control
signal to enable assigned ones of the plurality of ultrasonic transceivers to receive measures of
the emitted pulse of ultrasonic energy after travel through the mixture in multiphase flow
between the transceivers.

18, The apparatas of Claim 1, further including:
a pulse driver forming pulse drive signals to cause travel of ultrasonic energy
signal pulses of the tomographic measurement sequence through the mixture in

multiphase flow 1 the conduit.

.
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19, The apparatus of Claim 1, further including:

{a} a plurality of analog swiiches responsive to the input signal forming circuit
multiplexer to receive measuores of the ultrasonic energy from the enabled assigned ones of the
plurality of ultrasonic transceivers; and

), the cutput signal processing circuit further including an analog to digital
converter converting the reccived measures of the ultrasonic encrgy signals from the plurality
of analog swiiches mio digital data signals.

20, A method of forming measures of cross sectional composition of a three phase oil, gas
and water fluid mixture in multiphase flow 1o a conduit, comprising the steps of

{a) forming a vortical flow in the fluid mixture n the condwt, causing the gas to
form a central flow region within an outer annular region of the oil and water of the mixture;

), transmutting ultrasonic e¢nergy signal pulses for travel in the muxture in
multiphase flow in the conduit;

{c} receiving ultrasonic energy signals afier travel in the nuxture in multiphase flow
in n the conduit;

{d} processing the received ulfrasonic energy signals to determine the cross
sectional composition of the otl, gas and water mixture in multiphase flow in the condwit; and

{c) forming an output display of the determined cross-sectional composition of the
oil, gas and water mixture 1o multiphase flow in the conduit.

21, The method of Claim 20, wherein the step of receiving comprises the step of receiving
the retlected ultrasonic energy signals from an nterface of the central gas flow region with the
outer annular region of the oil and water of the mixiure.

22. The method of Claim 21, wherein the step of receiving further comprises fornung

measures of the travel time of the reflected ultrasonic energy signals.
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23 The method of Claim 21, wherein the step of processing further comprises processing
the received ultrasonic ¢nergy signals to determing the cross sectional composition of the o1l
gas and water mixture in multiphase flow in the conduit the cross sectional composition of the
threc phase oil, gas and water mixture based on the measures of the travel time of the reflected
wltrasonic energy signals.
24 The method of Claim 20, further including the steps of

{a} forming measures of the speed of travel of the ultrasonic energy between
mdividual ones of the plurality of ulirasonic transceivers; and

{b} forming measures of the attenuation of the ultrasonic encrgy between individual
ones of the plurality of ultrasonic transceivers.
25. The method of Claim 20, further including the step of:

forming a synthesized composite image of the relative presence and position of the
three fluid phases over a cross-sectional area of the conduit based on the formed measures of
the speed of travel and atienuation of the energy in the conduit.
26, The method of Claim 25, further including the step of’

displaying the synthesized composite image of the relative presence and position of the

three fluid phases over a cross-sectional arca of the conduit for evaluation and analysis.
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