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Abstract

A grid sensor for measuring the phase distribution of a multiphase substance mixture
with gaseous and liquid components in the presence of a highly conductive phase
(such as salt water or liquid metal). Application areas are the determination of the
liquid distribution and the fill level in containers, as well as the investigation of gas-
liquid multiphase flows, in particular in pipelines, e.g. in petroleum production and

processing.
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Arrangement for the Determination of the Phase Distribution in

Multi-phase Media with at least one Highly Conductive Phase

Technical Field

[0001] The invention concerns an arrangement for measuring the phase distribution of
a multiphase substance mixture with gaseous and liquid components Iin the
presence of a highly conductive phase. In the following, highly conductive
phases are defined as media with high conductivity, for example salt water or

liquid metals.

[0002] Application areas of the present invention are the determination of the liquid
distribution and the fill level in containers, for example, as well as the
investigation of gas-liquid multiphase flows, in particular in pipelines, e.g. In

petroleum production and processing.

State of the Art

[0003] Grid sensors are often used to investigate two-phase flows or liquid distributions
in pipelines and containers. US 4 644 263 A, US 5 210 499 A and DE 19 649
011 C2 describe arrangements with which the electric conductivity within a
measuring section can be measured with the aid of a grid-type electrode
arrangement and associated electronics. In these arrangements, wire-shaped
electrodes of an excitation electrode plane of the grid, which are in electrically
conductive connection with the medium, are successively charged with a
voltage signal. A current signal is acquired on the wire electrodes of a receiver
electrode plane of the grid, disposed at a slight distance parallel hereto and
rotated by a plane angle. These arrangements are therefore capable of
determining the conductivity between the two planes in the intersections of the

projections of the electrodes (referred to in the following as “intersections”) with

a very high measurement frequency.

[0004] For a two-phase flow with exactly one conductive phase, for example a gas-
water mixture, the phase distribution in the flow cross section can be

determined by recording the conductivity distribution. Phase discrimination for



[0005)

[0006]

10007]

10008}

[0009]

[0010]

CA 02899997 2015-07-31

similarly well or poorly conductive phases or components of a flow is not directly

possible with these arrangements.

DE 10 2007 019 926 B4 describes a grid sensor that, by measuring the
complex electrical admittance in the measuring section, is also capable of

distinguishing non-conductive components in the measuring section from one

another and determining their proportion.

DE 101 36 358 A1 proposes the use of a channel for conductivity measurement
of a uniform fluid. Using it to determine the conductivity of mixed fluids is not
intended. Use in batch systems is therefore only possible if different, not mixed,

fluids flow through the channel in chronological succession.

DE 10 2006 019 178 A1 describes a grid sensor that is suitable for measuring
non-conductive components by recording the complex-valued electrical

admittance.

DE 10 2005 019 739 B3 describes a grid sensor that can be used with changing
temperatures and pressures, in which the wires of the electrode layers are not

rigid, but fixed in the sensor body in such a way that they can expand with

changes in temperature and/or pressure.

The hitherto known solutions cannot be used for highly conductive media,

however, because in such cases the conductivity of at least one component of
the flow comes close to the conductivity of the wires of the sensor. All the wires
wetted by medium are thus quasi short-circuited, and as a result the individual

intersections can no longer be read independently.

X-ray tomography is one alternative for the determination of the complete phase

distribution in a measuring plane. In this case, numerous different x-ray paths

have to be laboriously reconstructed. X-ray tomography has the advantage that
it does not interfere with the process, because it can be disposed outside the

process, but protecting staff from radiation requires a lot of effort and Is

therefore more likely to be rejected in industrial applications.
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Summary

[0011] The task of the present invention is to specify an arrangement for the rapid
measurement of the phase or component distribution in a flow cross section for
substance mixtures with both non-conductive components, e.g. oil or gas,
and/or conductive components, as well as highly conductive components, e.g.
salt water. Rapid measurements are considered to be measurements with a

discrete time difference of less than 1 ms, preferably approx. 100 us or less.

[0012] Certain exemplary embodiments can provide an arrangement for determination
of a phase distribution in multi-phase fluids with at least one highly conductive
phase and further in the presence of non-conductive components, other
conductive components, or a combination thereof comprising three superposed
electrode planes of wire-shaped electrodes, which are clamped in a sensor
frame, a. whereby the electrodes in each plane are disposed in parallel with a
small spacing to each other, b. whereby two of the electrode planes are
galvanically separated from a study medium by an insulating layer and one of the
two electrode planes functions as a transmitter plane and one as a receiver
plane, and these two planes are arranged in parallel and rotated at an angle to
one other so that intersections are formed between the transmitter plane and the
receiver plane, c. wherein, by contrast, a third electrode plane is not isolated and
IS at ground potential, and highly conductive phase fractions in contact with the
third electrode plane are thus also at ground potential, and d. whereby the
arrangement s connected to an electronic measuring device to measure the
electrical capacitance or permittivity of the medium in individual intersections
formed by transmitter electrodes and receiver electrodes, whereby the electronic
measuring device successively charges corresponding transmitter electrodes
with an AC voltage, while all other transmitter electrodes are switched to ground,
and the electronic measuring device simultaneously measures a step response
function of a current signal at all receiver electrodes in parallel.
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[0013] The measurement of the phase distribution is conducted via the properties that
distinguish the different phases. With the exception of point measuring needle
probes for local bubble identification, the use of visible light is usually not

suitable, because many multiphase flows are not transparent.
Brief Description of the Drawings

Fig. 1 1s a schematic illustration of a grid sensor and associated electronics

according to an embodiment;

Fig. 2 represents measurement electronics according to an embodiment;

and

Fig. 3 illustrates a step response of a system on a flank of an excitation signal

according to an embodiment.
Detailed Description

[0014] The arrangement according to the invention (Fig. 1) comprises a grid sensor (1)
with at least three electrode planes spaced at a small distance from one
another, and the associated measurement electronics (2). The grid sensor has
three levels of wire-shaped electrodes, which are designated as transmitter

electrodes (3a), receiver electrodes (3b) and ground electrodes (3c) and are

arranged within each plane at a small distance parallel to one another. Exactly

one task is thus assigned to each plane.
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The orientation of the electrodes of different planes to one another is rotated at
an angle in such a way that intersections are formed between the plane of the

transmitter electrodes and that of the receiver electrodes. This rotation Is
preferably orthogonal. The electrical capacitance (or permittivity) of the medium
between the transmitter electrodes (3a) and the receiver electrodes (3b) Is
measured in each individual intersection (4) of the electrode grid. For this
purpose (Fig. 2), the transmitter electrodes (3a) and the receiver electrodes (3b)
are covered with an electrically insulating layer (5) that makes galvanic isolation

from the medium possible, while the ground wires (3c) remain bare to keep the

entire fluid at ground potential.

To measure the electrical capacitance (or permittivity) (Fig. 2) of the medium in
each intersection (4), the associated transmitter electrode (3a) is charged with
AC voltage by means of a frequency generator (6), while all other transmitter
electrodes are switched to ground. At the same time, the step response function
of the capacitive displacement current flowing through the study medium at the

intersection (4) is acquired concurrently on all receiver electrodes (3b) with the
aid of a current-voltage converter (7) connected to the receiver electrode, and

converted into an equivalent voltage signal. Rectangular or trapezoidal
alternating voltages are preferably used as the alternating voltage, because

these allow the best evaluation of the measurement results.

The step response (Fig. 3) of the system on the flank of the excitation signal
depends on the gain-bandwidth product of the current-voltage converter (7), the
feedback impedance and the electrical permittivity of the medium at the
intersection (4). Therefore, at constant gain and geometry conditions, the
permittivity at the intersection can be inferred from the step response. For this
purpose, at one or more specific points in time tsamp after the flank has occurred,
the output voltage of the current-voltage converter (7) is digitized by means of
an analog-to-digital converter (8) and recorded electronically. A control unit (9),

e.g. a microcontroller, is used to synchronize the excitation pulse and the

analog-to-digital conversion temporally.
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[0018] A novel feature of the invention is the option of a quick two-dimensional
measurement of the distribution of non-conductive, as well as conductive
and/or highly conductive components in the cross section of a multiphase flow,
which, for the first time, allows the measurement of phase fractions and
distributions in saltwater oil-gas mixtures.

[0019] In industrial facilities currents often consist of more than one phase, such as
e.g. In oill production, where flow mixtures of oil, gas, water and sand can
occur, in chemical plants, where mixing and separation processes occur, or in
the steel industry (molten steel/slag/air). In order to be able to study or verify
the mixing or separation of the various phases, these various phases have to
be measured and defined.

[0020] The reiative permittivity generally differs between different media and thus
between the phases of a mixture flow. The measuring principle of the grid
sensor takes advantage of this physical property to generate two-dimensional
images of the phase distribution in the measurement cross section with high
spatial and temporal resolution. This method was initially used with a quasi-
DC excitation to measure gases in conductive media. For non-conductive
media, the dielectric constant can be determined by AC excitation and
measurement of the phase shift and the ampiitude attenuation.

[0021] In media with very low impedance, i.e. high conductivity, the conductivity of
which comes close to that of the electrodes In the sensor grid (e.g. salt water),
the measurements are distorted by quasi short-circuiting of all the wires In
contact with the highly conductive medium if no ground plane is used. The
grid sensor with ground plane solves this problem by grounding the entire
liquid cross section and isolating the transmitter and receiver wires.
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Many applications with multiphase flows contain highly conductive liquids. In
the production of petroleum, brine (salt water) is often found and extracted
together with oil. The phase distribution in a pipe with oil and salt water can
therefore not be determined with a conventional conductivity sensor or with a
capacitively measuring grid sensor. The arrangement according to the
invention, however, allows the measurement of the phase distribution in such
cases.

[0023] The design examples of the invention are described with drawings.

[0024] The drawings Fig. 1, Fig. 2 schematically show, as one design example, grid

sensor arrays with 4 transmitter, 4 receiver and 4 ground electrodes and a
circular geometry. The grid sensors can also be constructed In other
geometries, e.g. rectangular cross sections. Furthermore, the number of
electrodes is in theory arbitrary.

[0025] The drawing Fig. 1 schematically shows a grid sensor (1) with three electrode

planes and the associated measurement electronics (2). The grid sensor has
four metal wires per plane (3a - transmitter electrodes, 3b - receiver
electrodes, 3c - ground electrodes) that are stretched over the sensor cross

section electrically isolated from one another. The anchoring of the wires In
the sensor frame is carried out in such a way that each transmitter and

receiver electrode is completely electrically isolated from the other electrodes
as well as from the frame itself.

[0026] On the excitation side, the measurement electronics (Fig. 2) consists of a

square-wave generator (6), a multiplexer (10) and a controller (9). The
individual transmitter electrodes (3a) of the transmitter plane of the sensor are
electrically connected to the outputs of the multiplexer (10). On the receiver
side, each of the receiver electrodes (3b) of the receiver plane is connected to
a current-voltage converter (7). Analog-to-digital converters (8) are connected
to the current-voltage converters (7) to record the step response that,
synchronized with the aid of a control unit (9), at a defined time tsamp after the
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excitation flank has occurred, record the current value of the voltage profile at

the current-voltage converter (7).

The measurement scheme of the sensor outlined in Fig. 1 and Fig. 2 is as
follows: By a controller or microprocessor (9) intended for control, the

rectangular or trapezoidal voltage signal of the frequency generator (6) iIs
successively switched to the individual transmitter electrodes (3a) via the

multiplexer (10). The multiplexer (10) is designed in such a way that only a
single transmitter electrode (3a) is charged by the rectangular or trapezoidal
voltage, while all other transmitter electrodes are at zero potential. At the

respective active transmitter electrode, a capacitive displacement current flows

in the virtual intersections (4) of the wire electrodes to the receiver electrodes

(3b) at virtual ground. Due to the insulating layer (5) (e.g. insulating varnish or
insulating sleeve), a DC current flow to the transmitter electrodes (3a) and the
receiver electrodes (3b) is ruled out. After the voltage jump at the excitation
electrode (3a) has occurred, the current flow at the receiver electrode (3b), as a

capacitive displacement current, follows the excitation current in the transmitter

electrode (3a) with the exponential function

with
T — RV - (.

Whereby Us is the amplitude of the excitation voltage, Rv Is the series resistance
(the sum of the line resistances and wire resistance) and C is the capacitance at

the intersection. The capacitance C is, in turn, a function only of the electrical

permittivity at the intersection (&) because the geometry of the virtual

intersections (4) can be assumed to be constant.

[0029] Thus, the following applies:
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[0030] Since the current is linearly converted into an equivalent voltage via the current-
voltage converter (7), the measured voltage can also be considered to be
indirectly proportional to the dielectric constant of the medium at the

intersection. The advantage of the exponential correlation, is that even small

changes e.g. air (€ra = 1) and oil (€re1 = 2 to 3) are easy to distinguish from one

another, even in the presence of water (€re1 = 80) without going under in the
dynamic range. The present arrangement is also able to determine the relative

permittivity €re1. A skilled person is aware of the fact that a calibration with a

known medium, such as water or air, is needed. The geometry factor is

determined from this calibration. Consequently, the relative permittivity €. can

be determined from the measurement in this way.
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List of reference numbers

1

3a

3b

3C

10 -

- Grid sensor

- Measurement electronics

- Transmitter electrodes — shown with the dot-dot line in Fig. 1 or Fig. 2
- Receiver electrodes — shown with the dash-dash line in Fig. 1 or Fig. 2
- Ground electrodes

- Intersection

- Insulating layer

- Frequency generator

- Current-voltage converter

- Analog-to-digital converter

- Control unit

Multiplexer
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Claims

1. An arrangement for determination of a phase distribution in multi-phase fluids
with at least one highly conductive phase and further in the presence of non-
conductive components, other conductive components, or a combination thereof
comprising three superposed electrode planes of wire-shaped electrodes, which
are clamped In a sensor frame,

a. whereby the electrodes in each plane are disposed in parallel with a small
spacing to each other,

b. whereby two of the electrode planes are galvanically separated from a study
medium by an insulating layer and one of the two electrode planes functions
as a transmitter plane and one as a receiver plane, and these two planes are
arranged In parallel and rotated at an angle to one other so that intersections
are formed between the transmitter plane and the receiver plane,

c. wherein, by contrast, a third electrode plane is not isolated and is at ground
potential, and highly conductive phase fractions in contact with the third
electrode plane are thus also at ground potential, and

d. whereby the arrangement is connected to an electronic measuring device to
measure the electrical capacitance or permittivity of the medium in individual
iIntersections formed by transmitter electrodes and receiver electrodes,
whereby the electronic measuring device successively charges
corresponding transmitter electrodes with an AC voltage, while all other
transmitter electrodes are switched to ground, and the electronic measuring

device simultaneously measures a step response function of a current signal
at all receiver electrodes in parallel.

2. The arrangement according to Claim 1, wherein the orientation of the transmitter
plane to the receiver plane is orthogonal.

3. The arrangement according to Claim 1 or 2, wherein isolated electrodes of the
transmitter, receiver plane, or a combination thereof, are coated for insulation by
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means of a lacquer or a plastic material or are isolated with an insulating sleeve

or insulating tube.

The arrangement according to any one of Claims 1 to 3, wherein the measuring
device comprises a frequency generator.

The arrangement according to any one of Claims 1 to 4, wherein the measuring
device comprises a multiplexer, which accomplishes successive connection of an
excitation signal.

The arrangement according to Claim 5, wherein the measuring device comprises
a control unit, which synchronizes the excitation pulse and an analog-to-digital
conversion.

The arrangement according to any one of Claims 1 to 6, wherein the measuring
device comprises a current-voltage converter, which is connected to the receiver
electrodes to measure the step response of the current signal and convert it into
an analyzable voltage signal.

The arrangement according to Claim 7, whereby the voltage signal is digitized by
means of an analog-digital converter.

A method for determination of a phase distribution in multiphase media with the
arrangement according to any one of Claims 1 to 8, wherein the electric
capacitance or permittivity of the medium in each intersection is measured
consecutively and to do this the corresponding transmitter electrodes are
charged with the AC voltage while all other transmitter electrodes are switched to

ground, and at the same time the step response function of the current signal is
measured In parallel on all receiver electrodes.

The method according to Claim 9, wherein the AC voltage used is a rectangular
or trapezoidal AC voltage.
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