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Description

[0001] The present invention relates to a multiphase
meter system for measuring the composition and/or sa-
linity of a fluid flow in a pipe.

[0002] More specifically the present invention relates
to measurement of water, oil, gas and/or salinity fractions
in a fluid flow in the exploration of oil and gas reservoirs.
[0003] A number of different commercial flow meters
are available on the market for the measurement of the
content of fluid flows from oil wells. Some meters are
based on the use of radioactive radiation, some are ca-
pacitive, and some are based on the use of microwaves.
[0004] Microwave sensors are attractive because they
are not limited by the health risks associated with radio-
active radiation based meters and their fairly low accu-
racy or the undesirable influence of contamination on the
capacitive sensors.

[0005] An example of a method for measuring proper-
ties of flowing fluids and a metering device and a sensor
used for performing this method has been described in
International Patent Application WO 01/88513, for which
a US-patent has been granted (US 6,826,964 B2). The
sensor uses the microwave resonance principle for the
measurement of oil-continuous fluids (water drops and
gas bubbles in oil, i.e. the oil is a continuous phase) and
the measurement of conductivity for water-continuous
fluids (oil drops and gas bubbles in water, i.e. the water
is the continuous phase, and is intended for installation
at a production zone inside an oil well. Another example
of resonance measurements in multiphase flows is dis-
cussed in Norwegian patent 308922 (corresponding to
W099/63331).

[0006] Another example of a method for measuring
flowing fluids with a far higher gas content, i.e. wet gas
(a wet gas flow is a multiphase flow with a high gas vol-
ume fraction, usually called the gas void fraction (GVF),
typically >99%) or high-gas multiphase flow, has been
described in US patent 6,915,707. This is also based on
the microwave resonance principle.

[0007] The microwave resonance principle is based on
measuring the permittivity/dielectric constant of the flow
and is discussed with reference to water volume fractions
(WVF) in WO 2008/085065.

[0008] Other systems are described in US5101163
and W0O2007/018434, as well as US5341100, where the
composition and water salinity is measured by measuring
the difference in the signal received by two antennas be-
ing positioned at different distances from the transmitter
antenna, called the transmission method. This method
is usually preferred when the loss in the fluid flow is high,
e.g. in a water continuous flow with relatively high water
salinity.

[0009] A problem inherent in the known art is that it is
difficult to provide sufficiently accurate measurements
within the complete range of compositions and salinities
within the same fluid volume. As is discussed above the
resonant frequency and Q-factor is suitable for a certain
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range of fractions, but less suitable when the loss in the
flow gets sufficiently high and the accuracy is reduced.
This problem is solved as described in the claims.
[0010] Thus the present invention is related to a MUT
(material under test) flowing in a metal pipe, where the
dielectric properties of this MUT are to be measured by
microwaves, e.g. for the purpose of finding the compo-
sition of the MUT, e.g. the mixture ratio between oil and
water. The MUT may exhibit so-called high-loss or low-
loss properties depending on e.g. whether the water or
the oil is the continuous phase in the case of an oil/water
mixture, and depending on whether the water contains
dissolved ions, e.g. salts, making it more or less conduc-
tive. In"Handbook of Multiphase Flow Metering" fra 2005,
ref [4] in Microwave technology, on page 51 and 52 it is
stated on page 52, that a practical microwave MPFM
uses the resonator principle for oil-continuous fluids, and
the varying frequency transmission principle in water-
continuous fluids, utilizing the same probes. When the
attenuationis low, the pipe acts as a resonator and, when
the attenuation is high, the phase difference between two
receiving probes is detected. The solution described in
[4] is based on the use of the pipe as resonator. Other
examples are given in WO02005/057142 and
US7631543. The resonator as such is not ideal as the
main resonance occurs at the cutoff frequency and res-
onating energy will leak in the direction of the pipe, thus
reducing the accuracy of the system. According to an
embodiment not claimed by the present invention solves
this problem by using a resonator having a resonance
frequency below cutoff and thus a resonance peak being
easily detected so as also to improve the performance
in flow measurements.

[0011] For the measurement purpose a microwave
resonator has been implemented in the pipe for meas-
uring under low-loss conditions, and typically three an-
tennas for performing differential transmission measure-
ments under high-loss conditions. The reason for using
both methods is that the resonator method is the most
accurate method when the losses are low enough for this
method to work, and the transmission method being best
suited for high losses because it can be used in a wide
dynamic range.

[0012] Besides the transmission method is less accu-
rate under low-loss conditions due to the influence of
wave modes and reflections. In a preferred embodiment
the same antennas are used both for coupling to the res-
onator and for performing the transmission measure-
ments, with the exception that only two of the antennas
are used for the resonator measurement.

[0013] The frequency response, i.e. the transmission
function as a function of frequency, measured between
a transmitting antenna and a receiving antenna will dis-
play features of direct capacitive coupling, resonances,
and direct transmission. Depending on the amount of
losses some of these will dominate. Under low-loss con-
ditions the resonance peak(s) will be clearly visible above
a baseline of capacitive coupling. Under high-loss con-
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ditions no peaks will be visible. Neither will direct capac-
itive coupling be of any importance. Instead direct trans-
mission will dominate and the measured phase shift and
attenuation are related to the dielectric properties of the
MUT and the propagated distance. By using differential
transmission, i.e. comparing transmission between iden-
tical pairs of antennas with different propagation dis-
tance, the influence of the properties of the antennas and
the rest of the system, including cables and connectors,
are cancelled, displaying the true effect of the propagated
distance through the MUT.

[0014] In the case of a two-phase mixture of oil and
water, where the water contains some amount of dis-
solved ions, typically equivalent to more than 0.1% of
NaCl, the mixture will display clearly low-loss or high-loss
properties depending on whether the mixture is oil- or
water-continuous. In this case the situation is easy to
detect from the presence or absence of resonance
peak(s), and the measurement method chosen accord-
ingly. In other cases, e.g. if the water is more or less fresh
(equivalent content of NaCl below 0.1 %), or if significant
amounts of gas are present, as in a 3-phase mixture of
oil, water and gas with a high GVF (Gas Void Fraction),
situations may appear, where the losses are neither high
nor low. In this case the frequency response will display
both resonance peaks, which have a low Q-factor, i.e.
they look more like humps on the response than peaks,
and transmission clearly above pure capacitive coupling.
In this case itmay not be immediately clear which method
is preferable to use.

[0015] The best strategy in this case is to measure with
both, and perform a quality check on the results before
choosing which one to output as the measurementresult.
The quality check may contain e.qg. criteria related to the
expected range of the e.g. volume fractions, criteria re-
lated to the expected maximum speed of change of the
volume fractions, and criteria related to the stability (var-
iance) of the measurements with the two methods. To
determine which method should be used in the above
described way, a set of characterizing constants can be
used. These can e.g. be the Q-factor of the resonance
peak(s) (if the peak(s) are not identifiable the case is a
high-loss case), and the attenuation ratio at a hump (poor
resonance peak) and the trough or valley above (in fre-
quency) it. A limit can be that the Q-factor must be >10
for the resonance method to be used. Similar criteria can
be defined for the attenuation ratio, or a factor depending
on both can be defined.

[0016] Which criteria to use are best found empirically
by performing flow tests in practice, logging raw data,
and then recalculating e.g. the composition by applying
various limits and criteria.

[0017] For bestresults the sensor system with the res-
onator and the antennas should be designed so that only
the resonance peak(s) to be used are within the frequen-
cy range to be used. In most cases this means that only
one peak should influence the measured frequency re-
sponse. The transmission measurement should also be
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designed so that the measurements of phase and/or at-
tenuation are performed in a part of the frequency range
least affected by the resonance as long as the peak has
not disappeared completely due to high losses. The word
"pin" is often used for the antennas, especially when im-
plemented in a probe.

[0018] In the following specification the following defi-
nitions are applicable:

- Frequency response: The coupling (attenuation and
phase shift) from one antenna to another as a func-
tion of frequency. The coupling is called insertion
loss.

- Lowe-loss: The attenuation of the microwave energy
fed into a pipe through a coupling antenna is so low
that reflections from the pipe walls form an interfer-
ence pattern in the form of wave-guide modes, or
the coupling of energy from one antenna to another
(the insertion loss) is dominated by direct capacitive
coupling (in the case the frequency is lower that the
lowest cut-off frequency of the waveguide modes in
the pipe).

- High-loss: The attenuation of microwaves in the me-
dium is so high that propagating waves, which are
reflected from the pipe walls and thereby travel a
longer distance than those propagating from anten-
na to antenna, are attenuated so much that no influ-
ence of wave modes is detectable in the frequency
response (insertion loss).

[0019] Thus a solution is obtained according to the in-
vention where resonance is used in part of the measure-
ments, but if the loss in the fluid rises a transmission
method is applied by switching to measuring the phase
difference and difference in measured damping in the
flow. By simultaneously increasing the measuring fre-
quency the salinity may also be measured.

[0020] According to the preferred embodiment of the
invention the system comprises only three antennas, one
transmitter and two receivers. When the resonance has
a high quality only the transmitter and at least one of the
receiver antennas are active. Thus the measurement is
performed by transmitting a frequency sweep signal with-
in a predetermined range and measuring both the reso-
nance frequency and the width of the resonance peak,
thus e.g. providing the Q-factor. If the quality of the res-
onance frequency is less than a predetermined value the
phase and damping differences in the signals measured
by the two receivers are found and used to characterize
the composition of the flow. In this mode a different fre-
quency range may be utilized so as to increase the ac-
curacy of the measurements and also possibly to meas-
ure the salinity of the flow from the relationship between
the real and imaginary parts of the signal, e.g. as de-
scribed in US5103181, calculating the composition from
the permittivity and the Brliggemann equation and in ref-
erence [2] Nyfors, E., P. Vainikainen, "Industrial Micro-
wave Sensors", Artech House, 1989, 350 p, finding the
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permittivity from resonator and transmission measure-
ments.

[0021] The system according to the present invention
utilizes both resonance and transmission measure-
ments, either by performing both types of methods simul-
taneously and choosing the most relevant information to
be transmitted to the user, or by monitoring the quality
of the measurements and shifting to the alternative meas-
uring method if the measurements are below a certain
threshold. The quality threshold of the resonance meas-
urements may be defined by chosen values of Q-factor,
peak width and/or resonance frequency.

[0022] The invention will be discussed below with ref-
erence to the accompanying drawings, illustrating the in-
vention by way of examples.

Fig. 1  Sketch of a first embodiment of the invention
providing a third probe downstream of a two
probe system for resonator measurements,
and using that for transmission to avoid trans-
mission along the rim of the cone.

Sketch of a second embodiment of the inven-
tion using a 3-antenna probe for transmission
measurements, and maintaining the 2 standard
probes for resonator measurements.

Sketch of a third embodiment of the invention
a 3-antenna probe.

A sketch of afourth embodiment of the invention
adding a 2-antenna probe.

A sketch of a fifth embodiment of the invention
replacing one probe with a 3-antenna probe in
a two probe resonance measuring system.
illustrates an embodiment combined with a fin
sensor. The invention is a further development
of a water gas meter (WGM) as

Fig.2

Fig. 3
Fig. 4

Fig. 5

Fig. 6

described in US6915707, which has a microwave reso-
nator sensor for measuring the permittivity of the flow for
the calculation of the WVF (Water Volume Fraction). This
works well at low WVF, but now the goal is to extend the
operating range further down in GVF (up in WVF), where
the flow becomes too lossy for the resonator to work well.
The idea is to add a transmission type of measurement.
[0023] The known WGM described in WO
2008/085065 is based on a pure resonator measurement
and therefore only works under low-loss conditions. It
has two antennas and the electronics is only capable of
measuring the amplitude of the insertion loss, i.e. the
power attenuation, and only over a limited frequency
range defined by the VCO(s) in the particular version of
the unit used in the meter.

[0024] The main advantage of a sensor, where the
whole pipe is the resonator, is that it is non-intrusive. But
is has the serious weakness that the flow may obtain
various flow regimes. E.g. the liquid may form a layer
close to the pipe wall, while the gas passes in the middle.
This is called annular flow. Such inhomogeneous distri-
bution of the gas and liquid affect the measurement of
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the permittivity. Especially under water-continuous con-
ditions and annular flow the measurements are in error.
This is what has been tried to improve in
W02005/057142 and WO2007/018434 by adding anoth-
er measurement, which weights the permittivity of the
flow close to the wall, and then compensate for the known
error using empirical models. The advantage with the
WGM is that the flow is always squeezed through the
gap between the pipe wall and the preferably conically
shaped insert, which eliminates such flow regimes when
the measurementis performed in this region. The current
resonator measurement measures the flow in this gap
around the whole circumference. The transmission
measurement to be added must also be located so that
the flow is measured roughly, when it passes the cone.
At the same time the cone should preferably not affect
the measurement, i.e. it should not be "seen" by the
probes. It will not be possible to achieve measurement
around the whole circumference, but assuming roughly
symmetrical flow, this would not be necessary. As stated
above the preferred embodiment utilizes a conically
shaped insert, but other inserts may also be used such
as a fin.

[0025] Fora full 3 phase measurement (oil, water, gas)
it will also be necessary to add a densitometer. Because
there are 3 unknowns, one needs three equations to be
able to solve composition. Two equations are related to
the measurement of the permittivity and the density, and
the third states that the sum of all three components
equals to 100%. The present invention is mainly related
to a means for providing the permittivity measurements
while other calculations may be performed as in general
Multi Phase Meters.

[0026] Theideaaccordingtotheinventioninvolves the
addition of a transmission measurement, for example by
transmitting with one probe acting as a transmitting an-
tenna and receiving with two probes acting as receiving
antennas. The two receiving probes must be at different
distance from the transmitting probe. The difference in
distance results in a phase difference. The frequency,
where the phase difference obtains a predefined fixed
value is measured. As will be seen the receiving and
transmitting probes may be exchanged with one probe
having three antennas acting as receiving or transmitting
antennas.

[0027] The present invention relates to an optimized
use of two measuring principles wherein the resonance
is measured while also monitoring the quality of the res-
onance. The quality conditions of the resonance may be
related to the width and symmetry of the peak. By roughly
finding the resonant frequency and the 3dB points (i.e.
the half-power points, which are normally used for meas-
uring the peak width for the Q-factor) directly from the
peak, one can calculate the Q-factor (the resonant fre-
quency divided by the peak width) and the asymmetry
(e.g. relative difference between the measured resonant
frequency and the mean of the 3dB points). A more ac-
curate method is related to a high-accuracy method of
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measuring the resonant frequency and the Q-factor.
Thenfirsta number of samples are measuredinthe range
around the peak. Then the samples above the 3dB level
are used and the theoretical resonance curve (Eq. (3.27)
in [3]) is fitted to them. This gives an accurate value for
both the resonant frequency and the Q-factor. The asym-
metry can be calculated using various methods by com-
paring the samples with the resulting curve. One method
can be e.g. to calculate the mean deviation between the
samples and the curve on both sides of the resonant
frequency. When the Q-factor is less than e.g. 10, the
resonance peak is difficult to measure, and indeed iden-
tify from other variations in the response. A limit for the
asymmetry must be established based on empirical test-
ing and comparing to results using both the resonator
method and the transmission method. At the chosen lim-
its, depending on the conditions in the pipe, the system
may then change to measure differential transmission
(phase and/or attenuation) between the antennas.The
transmission conditions need to be determined for each
case as the transition measurements may be affected by
resonances and reflections in the pipe. Some empirical
testing may be needed for a specific sensor design and
application also because the local flow conditions at the
antennas may be affected by these factors.

[0028] The resonance and transmission measure-
ments may be performed within the same range of fre-
quencies, but as the transmission signal will be affected
by reflections and resonances in the range of conditions,
where these two methods overlap, these frequencies
should be avoided. In practice the resonance frequencies
may be within the range of 100-2500MHz depending on
e.g. the physical size, but typically wet gas measure-
ments using MDP cones, e.g. of the types discussed in
WO02010/115883, are performed in the range of
400-1500MHz.

[0029] Salinity measurements, e.g. as discussed inref-
erence [1] may typically require transmission measure-
ments in the range of 1-3GHz, but for other transmission
measurements lower frequencies down to a few tenths
of MHz may be used.

[0030] Itis, however, an advantage of the present in-
vention that the system may adapt to the optimal frequen-
cy range for each of the measurements.

[0031] Below different embodiments and combina-
tions of probes are discussed for performing the meas-
urements according to the invention. The probes and the
methods for using resonance and transmission meas-
urements are considered to be part of the known art, e.g.
as described in the referred articles and patent publica-
tions and will not be discussed per se in this specification.

Embodiment 1: Adding a Third Probe

[0032] Referring to fig. 1 the known WGMs have two
probes, each having one antenna 2,3, while the trans-
mission type of measurement needs three probes. By
adding a third probe with a third antenna 1, both types
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of measurements can be performed. The third probe
could be smaller than the others, because the other two
have been dimensioned to give optimal coupling to the
resonator.

[0033] The two existing probes are located in the pipe
wall exactly opposite to the widest part of a cone 9. One
may therefore assume that the proximity of the cone will
affect the transmission measurement. There may then
be an effect, which depends on the Svalue, which is re-
lated to the size of the cone relative to the pipe. This is
undesirable as it makes calibration more complicated.
By locating the third probe 1 further downstream asym-
metrically in respect to the other two 2,3, and using this
probe 1 for transmission, the influence of the cone could
be reduced.

[0034] Advantages with this embodiment are:

e A total of only three probes.

e All probes are identical, or at least of similar type.

[0035] Disadvantages are:

* Needs switches to be able to change which is the
transmitting probe.

e Two of the probes are large in diameter. Hence the
distances between the probes will be large, meaning
high maximum attenuation, and different flow condi-
tions at the location of the third probe. Higher atten-
uation means that the maximum WVF the meter can
handle is reduced compared to having shorter prop-
agation distances, if the sensitivity of the electronics
is a limiting factor.

e If possible, it would be desirable to mount the two
existing probes closer to each other than normally.
This would increase the direct coupling, which may
affect the highest losses for which the resonator
method can be used.

Embodiment 2: Adding a Probe with 3 Antennas

[0036] Referringto fig. 2 a 3-antenna probe 6 has been
developed for performing a 2-parameter measurement
either as a stand-alone unit, or in a multiphase meter to
find the salinity in the water. The idea was to measure
both the phase and the attenuation at a high enough fre-
quency (3GHz suggested) that also the real part of the
permittivity affects the measurements. Because the im-
aginary part caused by the conductivity is inversely pro-
portional to the frequency, the imaginary part totally dom-
inates over the real part at low frequencies. A paper on
the sensor has been published, see reference [1]. The
development involved theoretical studies, building of
simple prototypes to study the optimal spacing and length
of the antennas, and finally production of glass-moulded
"final" probes.

[0037] Abovementioned US7631543 and
WO02007/018434 describes a way of performing a 2-pa-
rameter measurement with the same type of 3-antenna
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1,2,3 unit 6, which is based on measuring the phase only,
but at two frequencies. This, and other alternative ways
of performing multi-parameter microwave measure-
ments, have also been described in [2]. In [2] a meas-
urement is described measuring e.g. the phase at two
frequencies as an alternative to measuring the attenua-
tion and phase at one frequency.

[0038] The conceptof using a 3-antenna probe for per-
forming 1-parameter transmission measurements in the
WGM would mean that the probe must be mounted close
to the cone to achieve the advantage of eliminating the
effect of flow regimes. On the other hand the measure-
ment should not be directly affected by the proximity of
the metal cone. It would appear that the optimal place to
mount the probe would be right after the cone, as depict-
ed in Fig. 2, which also illustrates the resonance meas-
uring antennas 4,5 close to the cone.

[0039] Advantages with this concept are:

e The resonator measurement is not affected in any

way.

¢ The 3-antenna probe can be standardized for each
pipe size.

[0040] Disadvantages are:

¢ Needs even more switches than the concept with
only 3 probes.

Embodiment 3: Using Only a 3-Antenna Probe

[0041] The concept shown in Fig. 3 is a combination
of the two previous concepts. Instead of having three
separate probes as in the first concept, they would be
integrated into one single probe 6 housing containing
three antennas 1,2,3. To provide enough coupling for the
resonator measurement, the probe antennas would
probably need to be made larger than in the 3-antenna
probe in the second concept. They would probably also
need to be further away from each other to limit the direct
capacitive coupling. The design would probably need to
be different for each Sratio.

[0042] The current probes, which are designed con-
sidering the resonator measurements only, are designed
to always give roughly the same coupling in an air-filled
meter, which gives a signal level close to the maximum
in the dynamic range of the electronics. A lower signal
level may be accepted, provided it will always stay above
the noise level.

[0043] The probe must be located so that two of the
antennas are roughly opposite to the rim of the cone.
However, based on previous simulations it is clear that
they could be displaced some millimeters in the direction
of the third probe, which would reduce the influence of
the cone on the transmission measurement.

[0044] The three probes in the housing do not neces-
sarily have to be of the same size. The transmitting probe
(downstream) could well be somewhat smaller.
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[0045] Advantages with this concept are:

e There would only be one probe housing, and only
one hole in the meter body.

e The 3 antennas can be more closely spaced than
with three separate probes.

[0046] Disadvantages are:

e The probes for the resonator measurement are af-
fected. It must probably be accepted that the signal
level (peak heightin the resonator) will be lower than
in the current design, and vary with meter size and
pratio. The direct capacitive coupling will also be
higher.

e The existing 3-antenna design cannot be used di-
rectly but needs to be developed further.

Embodiment 4: Adding a 2-Antenna Probe

[0047] In the concept shown in fig. 4 the two current
probes 4, 5 would be used for the resonator measure-
ment as before. In addition there would be a 2-antenna
2,3 probe 7 in the vicinity of the current transmitting probe
1. For transmission measurements one would switch to
receive with the 2-antenna probe. One channel can be
connected to one of the antennas permanently.

[0048] Advantages with this concept are:

e The resonator measurement is not affected in any

way.

¢ The 2-antenna probe can be standardized for each
pipe size.

[0049] Disadvantages are:

e The achievable path length is limited.

Embodiment 5: Replacing One Probe with a 3-Antenna
Probe

[0050] If one of the standard probes is replaced by a
3-antenna 1,2,3 probe 6 in such a way that one antenna
1 replaces the standard probe 5, and the two others 2,3
are downstream, the distance between the resonator
probes can be maintained, while the transmission dis-
tances are kept short, and there are only two holes. The
transmitting antenna can be larger than the others. The
concept is depicted in Fig. 5.

[0051] Advantages with this concept are:

¢ The distance between the resonator probes can be
maintained.

*  Only two holes needed in the meter body.

¢ The 3-antenna probe can be standardized for each
pipe size.

* Needs only one switch. The transmitting probe can
always be the same.
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¢ Because one resonator probe is as before, the nec-
essary drop in peak levelis smaller than in concept 3.
[0052] Disadvantages are:

¢ Unsymmetrical coupling. Therefore lower Q-factor
than achievable for a given peak height.

[0053] The size of the standard probes for the resona-
tor, e.g. in embodiments 1 and 4 may affect their use.
Embodiment 2 would provide the highest degree of free-
dom in designing the transmission measurement, but in-
volves the highest amount of switches. Embodiment 3
seems to be preferable as it only requires one hole for
probes in the meter body, and a minimum amount of
switches, and it allows shorter distances between the
probes (than embodiments 1 and 4) giving lower atten-
uation and more uniform flow conditions, but it affects
the coupling to the resonator. Compared to embodiment
3, embodiment 5 maintains the distance between the res-
onator probes, results in smaller reduction in signal level
in the resonator, but requires 2 holes in the meter body.
[0054] Anumber of considerations may be made when
choosing the probe embodiment for finding the optimal
design under the specific use, such as:

e The influence of the cone, such as proximity, size
and the requirements related to transmission length.

* Probe size and how closely spaced the probes can
be from a mechanical point of view.

e The probe antennas, especially if there is more than
one in each probe, may be designed to be both ro-
bust and tolerate some erosion, and to fulfill the cri-
teriafrom a measurement point of view. The distance
between the antennas may also be studied depend-
ing on the application of the invention.

e The maximum attenuation in the used frequency
range needs to be evaluated based on the transmis-
sion length, path difference, and defined worst case
conditions, and compared to the performance of the
applied electronics.

e The flow conditions such as emulsions or flowing or
bubbling water with varying salinity.

¢ The range of the variations in the signal strength,
and the dynamic range of the electronics must be
considered with respect to the required coupling of
the resonator.

Embodiment 6: A fin type insert 10

[0055] Infig. 6a and 6b a measuring system according
to the invention is positioned in a pipe with a fin type
insert. Three antennas 11,12,13 have been positioned
in the pipe wall, where fig. 6a shows the position of two
antennas 11,12 in the same axial position and a third
antenna 13 at a distance downstream from the others. If
the first antenna 11 is used as a transmitter there will be
a difference in the propagation length from the first an-
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tenna 11 to the other antennas 12,13, which may be used
in the transmission mode measurements.

[0056] The meter system according to the invention
may advantageously be combined with other resonators,
thus a combination of differential pressure measure-
ments, microwave resonance and differential microwave
transmission measurements e.g. to provide an addition
to the invention described in US6915707 to comprise
three probes enabling differential transmission measure-
ments. One example might be a fin sensor in a venture,
as illustrated in fig. 5 in the patent, a solution without a
venture or other differential pressure measurements may
also be contemplated to make a two phase meter meas-
uring the ratio between water and oil in a 0-100% mixture,
as is illustrated in the present figure 6.

[0057] Thus to summarize the present invention re-
lates to a multiphase meter system for measurements
composition and/or salinity of a fluid flow in a pipe. The
meter system comprises a resonance measuring means
including a transmitting antenna for providing varying
electromagnetic field within a first frequency range in the
pipe and areceiver antenna for measuring the resonance
characteristics of the field in said pipe and an evaluation
means for determining the quality of said resonance.
[0058] The system also comprises a transmission
measuring means including a transmitting antenna for
transmitting a varying electromagnetic signal within a
second frequency range, at least two receiver antennas
being positioned at different distances from said trans-
mitter antenna, and a time measuring means for deter-
mining the phase difference and difference in measured
damping between the receipt of the transmitted signal at
said two receiver antennas. The transmission and reso-
nance measuring means being positioned so as to pro-
vide measurements in essentially the same fluid volume.
This may preferably be obtained by using the same an-
tennas or probes for both measurements.

[0059] The system according to the invention includes
control means for comparing the resonance quality with
a predetermined threshold value and when said reso-
nance quality is above said threshold calculating the
composition and/or salinity from said resonance charac-
teristics or when said resonance quality is below said
threshold calculating said composition and/or salinity
from said transmission time difference and loss. Thus
the most accurate measurements may be used depend-
ing on the content and characteristics of the fluid flow.
[0060] The quality of the resonance and the corre-
sponding threshold is preferably calculated as the Q-fac-
tor of the resonance peek, thus indicating the loss in the
resonator.

[0061] The transmitting antenna of the resonance
measuring means and the transmission measuring
means may be constituted by the same antenna, and
possibly the receiver antenna of said resonance meas-
uring means is constituted by one of receiver antennas
of the transmission measuring means, using a limited
number of antennas and intrusions through the pipe wall.
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[0062] The first and second frequency ranges may be
at least partially overlapping but preferably includes the
optimal range for each measurement. The transmitted
signals may thus be constituted by a broad band of fre-
quencies corresponding to the firstand second frequency
ranges, while the receivers may be able to recived the
complete range or the ranges for either resonance or
transmission measurements. Preferably the first fre-
quency range used for resonance measurements may
be in the range of 100-2500MHz, preferably within
400-1500MHz, while the second frequency range for
transmission measurements may be in the range of
400-3000 MHz, preferably 1000-3000MHz.

[0063] The salinity of the fluid in the flow may also be
calculated as a function of the real and imaginary values
measured by the transmission measuring means.
[0064] The resonance measuring means and said
transmission measuring means are preferably operated
essentially simultaneously, as the control means is
adapted to compare the quality of the measurements
from the measuring means and provide an output indi-
cating the measurements having the highest quality. Al-
ternatively the output may be based on said measure-
ments being weighted according to the calculated quality
of the measurements. Thus a combined output signal
may be provided being an optimized combination of said
measurements.

[0065] While the antennas, and especially the reso-
nance measuring antennas, preferably are mounted
close to an insert, such as a cone or fin, having an axial
position in a pipe, other situations may also be contem-
plated. Used close to a cone the resonance measure-
ments should preferably be performed close to the widest
brim of said cone.
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Claims

1. Multiphase meter system for measuring the compo-
sition and/or salinity of a fluid flow in a pipe, compris-

ing:

a resonance measuring means including a
transmitting antenna (2,3,4,5,12,13) for provid-
ing varying electromagnetic field within a first
frequency range in the pipe and a receiver an-
tenna (2,3,4,5,12,13) for measuring the reso-
nance characteristics of the field in said pipe and
an evaluation means,

a transmission measuring means including a
transmitting antenna (1,5,11) for transmitting a
varying electromagnetic signal within a second
frequency range, at least two receiver antennas
(2,3,12,13) being positioned at different distanc-
es from said transmitter antenna (1,5,11), and
a time measuring means,

said transmission and resonance measuring
means (6,7,9,10) being positioned so as to pro-
vide measurements in the same fluid volume,
characterised in that,

the resonance measuring means is configured
to determine the resonance quality,

the transmission measuring means is config-
ured to determine the phase difference and dif-
ference in measured damping between the re-
ceipt of the transmitted signal at said two receiv-
er antennas, and it further comprises a control
means configured to compare the resonance
quality with a predetermined threshold value
and when said resonance quality is above said
threshold to calculate the composition and/or
salinity from said resonance characteristics or
when said resonance quality is below said
threshold to calculate said composition and/or
salinity from said phase difference and differ-
ence in measured damping.

2. Multiphase meter system according to claim 1,
wherein the quality of the resonance and the corre-
sponding threshold is the Q-factor of the resonance
peak.

3. Multiphase meter system according to claim 1,
wherein the transmitting antenna (1,5) of the reso-
nance measuring means and the transmission
measuring means is constituted by the same anten-
na.

4. Multiphase meter system according to claim 3,
wherein the receiver antenna (2,3) of said resonance
measuring means is constituted by one of receiver
antennas (2,3) of the transmission measuring
means.
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Multiphase meter system according to claim 1,
wherein said first and second frequency ranges are
at least partially overlapping.

Multiphase meter system according to claim 1,
wherein the transmitted signals are constituted by a
band of frequencies corresponding to the first and
second frequency ranges.

Multiphase meter system according to claim 1,
wherein said first frequency range is in the range of
100-2500MHz, preferably within 400-1500MHz.

Multiphase meter system according to claim 1,
wherein the second frequency range is in the range
of 400-3000 MHz, preferably 1000-3000MHz.

Multiphase meter system according to claim 8,
wherein the control means is configured to calculate
the salinity of the flow as a function of the real and
imaginary values measured by the transmission
measuring means.

Multiphase meter system according to clam 1,
wherein said resonance measuring means and said
transmission measuring means are configured to op-
erate simultaneously, said control means being con-
figured to compare the quality of the measurements
therefrom and to provide an output indicating the
measurements having the highest quality.

Multiphase meter system according to clam 1,
wherein said resonance measuring means and said
transmission measuring means are configured to op-
erate simultaneously, said control means being con-
figured to compare the quality of the measurements
therefrom and to calculate an output based on said
measurements being weighted according to the cal-
culated quality of the measurements, thus to provide
an output based on an optimized combination of said
measurements.

Multiphase meter system according to claim 1,
wherein said resonance measuring means is posi-
tioned at an insert, preferably provided in an axial
position in the pipe.

Multiphase meter system according to claim 12,
wherein the insert is a cone, the resonance meas-
uring means being positioned at the widest brim of
said cone.

Multiphase meter system according to claim 12,
wherein the resonance measuring means includes
the insert, the resonance measuring means being
provided between said antennas and the insert.
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Patentanspriiche

Multiphasen Messsystem zum Messen der Zusam-
mensetzung und/oder des Salzgehalts eines Fluid-
flusses in einem Rohr, umfassend:

Ein Resonanzmessmittel, enthaltend eine Uber-
tragungsantenne (2, 3, 4, 5, 12, 13) zum Bereit-
stellen eines sich &ndernden elektromagneti-
schen Felds innerhalb eines ersten Frequenz-
bereichs im Rohr und eine Empfangsantenne
(2, 3, 4,5, 12, 13) zum Messen der Resonanz-
charakteristik des Felds im Rohr und Auswerte-
mittel,

ein Ubertragungsmessmittel, enthaltend eine
Ubertragungsantenne (1, 5, 11) zum Ubertra-
gen eines sich andernden elektromagnetischen
Signals innerhalb eines zweiten Frequenzbe-
reichs, zumindest zwei Empfangsantennen (2,
3, 12, 13), welche in verschiedenen Abstanden
von der Ubertragungsantenne (1, 5, 11) ange-
ordnet sind, und ein Zeitmessmittel,

wobei die Ubertragungs- und Resonanzmess-
mittel (6, 7, 9, 10) so angeordnet sind, um Mes-
sungen im seiben Fluidvolumen bereitzustellen,
dadurch gekennzeichnet, dass

das Resonanzmessmittel konfiguriert ist, um ei-
ne Resonanzqualitat zu bestimmen,

das Transmissionsmessmittel konfiguriert ist,
um den Phasenunterschied und den Unter-
schied der gemessenen Dampfung zwischen
dem Empfang des Ubertragenden Signals an
den beiden Empfangsantennen zu bestimmen,
und es weiterhin umfasst

ein Steuermittel, welches konfiguriert ist, um die
Resonanzqualitdt mit einem vorbestimmten
Schwellenwert zu vergleichen, und um, wenn
die Resonanzqualitat oberhalb des Schwell-
werts ist, die Zusammensetzung und/oder den
Salzgehalt aus der Resonanzcharakteristik zu
berechnen, oder um, wenn die Resonanzquali-
tat unterhalb des Schwellwerts ist, die Zusam-
mensetzung und/oder den Salzgehalt aus der
Phasendifferenz und der Differenz der gemes-
senen Dampfung zu berechnen.

2. Multiphasen Messsystem nach Anspruch 1, wobei

die Qualitat der Resonanz und der entsprechende
Schwellwert der Q-Faktor des Resonanzpeaks ist.

Multiphasen Messsystem nach Anspruch 1, wobei
die Ubertragungsantenne (1, 5) des Resonanz-
messmittels und des Ubertragungsmessmittels
durch dieselbe Antenne gebildet ist.

Multiphasen Messsystem nach Anspruch 3, wobei
die Empfangsantenne (2, 3) des Resonanzmessmit-
tels durch eine der Empfangsantennen (2, 3) des



10.

1.

12.

13.

14.

17 EP 2 845 000 B9 18

Transmissionsmessmittels gebildet ist.

Multiphasen Messsystem nach Anspruch 1, wobei
der erste und zweite Frequenzbereich zumindest
teilweise Uberlappen.

Multiphasen Messsystem nach Anspruch 1, wobei
die Ubertragungssignale durch ein Frequenzband
gebildet sind, welches den ersten und zweiten Fre-
quenzbereichen entspricht.

Multiphasen Messsystem nach Anspruch 1, wobei
der erste Frequenzbereich im Bereich von 100-2500
MHz, insbesondere zwischen 400-1500 MHz, liegt.

Multiphasen Messsystem nach Anspruch 1, wobei
der zweite Frequenzbereich in dem Bereich von
400-3000 MHz, insbesondere 1000-3000 MHz, liegt.

Multiphasen Messsystem nach Anspruch 8, wobei
das Steuermittel konfiguriert ist, um den Salzgehalt
des Flusses als Funktion der durch das Ubertra-
gungsmessmittel gemessenen realen und imaginéa-
ren Werte zu berechnen.

Multiphasen Messsystem nach Anspruch 1, wobei
das Resonanzmessmittel und das Ubertragungs-
messmittel konfiguriert sind, um gleichzeitig zu ar-
beiten, wobei das Steuermittel konfiguriert ist, um
die Qualitat der Messung davon zu vergleichen und
eine Ausgabe bereitzustellen, die auf die Messun-
gen mit héchster Qualitat hinweist.

Multiphasen Messsystem nach Anspruch 1, wobei
das Resonanzmessmittel und das Ubertragungs-
messmittel konfiguriert sind, um gleichzeitig zu ar-
beiten, wobei das Steuermittel konfiguriert ist, um
die Qualitat der Messungen davon zu vergleichen
und eine Ausgabe zu berechnen, welche auf geman
der berechneten Qualitat der Messungen gewichte-
ten Messungen basiert, und so eine auf einer opti-
mierten Kombination der Messungen basierte Aus-
gabe bereitzustellen.

Multiphasen Messsystem nach Anspruch 1, wobei
das Resonanzmessmittel an einem Einsatz, welcher
vorzugsweise in einer axialen Position im Rohr be-
reitgestellt ist, angeordnet ist.

Multiphasen Messsystem nach Anspruch 12, wobei
der Einsatz ein Konus ist, und wobei das Resonanz-
messmittel am weitesten Rand des Konus angeord-
net ist.

Multiphasen Messsystem nach Anspruch 12, wobei
das Resonanzmessmittel den Einsatz enthéalt, und
wobei das Resonanzmessmittel zwischen den An-
tennen und dem Einsatz vorgesehen ist.
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10

Revendications

Systeme de mesure multiphasique pour mesurer la
composition et/ou la salinité d’'un écoulement de flui-
de dans un tuyau, comprenant :

un moyen de mesure de résonance comprenant
une antenne de transmission (2, 3, 4, 5, 12, 13)
pour fournir un champ électromagnétique varia-
ble a l'intérieur d’'une premiére gamme de fré-
quence dans le tuyau et une antenne de récep-
tion (2, 3, 4, 5, 12, 13) pour mesurer les carac-
téristiques de résonance du champ dans ledit
tuyau et un moyen d’évaluation,

un moyen de mesure de transmission compre-
nantune antenne de transmission (1,5, 11) pour
transmettre un signal électromagnétique varia-
ble a l'intérieur d’'une deuxiéme gamme de fré-
quence, au moins deux antennes de réception
(2, 3, 12, 13) étant positionnées a des distances
différentes de ladite antenne de transmission (1,
5, 11) et un moyen de mesure de temps,
lesdits moyens de mesure de transmission et
de résonance (6, 7, 9, 10) étant positionnés de
maniére a réaliser des mesures dans le méme
volume de fluide,

caractérisé en ce que :

le moyen de mesure de résonance est configuré
de maniéere a déterminer la qualité de la réso-
nance,

le moyen de mesure de transmission est confi-
guré de maniére a déterminer la différence de
phase et la différence dans 'amortissement me-
suré entre la réception du signal transmis auxdi-
tes deux antennes de réception et comprenant
en outre : un moyen de commande configuré de
maniere a comparer la qualité de la résonance
avec une valeur de seuil prédéterminée et, lors-
que ladite qualité de la résonance se situe au-
dessus dudit seuil, a calculer la composition
et/ou la salinité a partir desdites caractéristiques
de résonance ou, lorsque ladite qualité de la ré-
sonance se situe en dessous dudit seuil, a cal-
culer ladite composition et/ou ladite salinité a
partir de ladite différence de phase et de ladite
différence dans I'amortissement mesuré.

2. Systeme de mesure multiphasique selon la reven-

dication 1, dans lequel la qualité de la résonance et
le seuil correspondant sont le facteur Q du pic de
résonance.

Systeme de mesure multiphasique selon la reven-
dication 1, dans lequel 'antenne de transmission (1,
5) du moyen de mesure de résonance et du moyen
de mesure de transmission est constituée par la mé-
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me antenne.

Systeme de mesure multiphasique selon la reven-
dication 3, dans lequel I'antenne de réception (2, 3)
dudit moyen de mesure de résonance est constituée
par une des antennes de réception (2, 3) du moyen
de mesure de transmission.

Systeme de mesure multiphasique selon la reven-
dication 1, dans lequel lesdites premiére et deuxie-
me gammes de fréquence se chevauchent au moins
partiellement.

Systeme de mesure multiphasique selon la reven-
dication 1, dans lequel les signaux transmis sont
constitués par une bande de fréquences qui corres-
pondent aux premiére et deuxieme gammes de fré-
quence.

Systeme de mesure multiphasique selon la reven-
dication 1, dans lequel ladite premiére gamme de
fréquence est comprise dans la plage de 100 MHz
a 2500 MHz, de préférence entre 400 MHz et 1500
MHz.

Systeme de mesure multiphasique selon la reven-
dication 1, dans lequel ladite deuxieme gamme de
fréquence est comprise dans la plage de 400 MHz
a 3000 MHz, de préférence entre 1000 MHz et 3000
MHz.

Systeme de mesure multiphasique selon la reven-
dication 8, dans lequel le moyen de commande est
configuré de maniére a calculer la salinité de I'écou-
lement en fonction des valeurs réelle et imaginaire
mesurées par le moyen de mesure de transmission.

Systeme de mesure multiphasique selon la reven-
dication 1, dans lequel ledit moyen de mesure de
résonance et leditmoyen de mesure de transmission
sont configurés de maniére a fonctionner simultané-
ment, ledit moyen de commande étant configuré de
maniere a comparer la qualité des mesures effec-
tuées par ceux-ci et a fournir une sortie qui indique
les mesures qui affichent la qualité la plus élevée.

Systeme de mesure multiphasique selon la reven-
dication 1, dans lequel ledit moyen de mesure de
résonance et leditmoyen de mesure de transmission
sont configurés de maniére a fonctionner simultané-
ment, ledit moyen de commande étant configuré de
maniere a comparer la qualité des mesures effec-
tuées par ceux-ci et a calculer une sortie sur la base
desdites mesures pondérées selon la qualité calcu-
|lée des mesures, afin de fournir ainsi une sortie ba-
sée sur une combinaison optimisée desdites mesu-
res.

10

20

25

30

35

40

45

50

55

1"

12.

13.

14.

20

Systeme de mesure multiphasique selon la reven-
dication 1, dans lequel ledit moyen de résonance est
positionné au niveau d’'un insert, de préférence pré-
vu dans une position axiale dans le tuyau.

Systeme de mesure multiphasique selon la reven-
dication 12,dans lequell'insert estun céne, le moyen
de mesure de résonance étant positionné au niveau
du bord le plus large dudit cone.

Systeme de mesure multiphasique selon la reven-
dication 12, dans lequel le moyen de mesure de ré-
sonance comprend l'insert, le moyen de mesure de
résonance étant prévu entre lesdites antennes etl'in-
sert.
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Fig. 5
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