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(57) Abstract: A measurement section (M) of a
conduit ( 110) receives a fluid medium containing a

10 first fluid (G) and a second fluid (L). A first sensor
device (S1 ) in the measurement section registers a
first measure (ml ) to represent a first type of
physical characteristic of the fluid medium flowing
through the measurement section (M). A second
sensor device (S2) in the measurement section re
gisters a second measure (m2) to represent a
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second type of physical characteristic of the fluid
medium flowing through the measurement section

S 1 S2- (M). The second type of physical characteristic is
different from the first type of physical character

m 1 m2 istic, and thus the first and second measures (ml ;
m2) are independent from one another. However,

120- -125 both measures (ml, m2) are dependent on a flow

130- (F ) of the first fluid (G) and a flow (F ) of the
second fluid in the fluid medium. Based on the
first and second measures (ml, m2), a processor
(120) derives a flow (F ) of the first fluid (G)
and/or a flow (F ) of the second fluid (G) in the
fluid medium.
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MULTIPHASE FLOW MEASUREMENT

THE BACKGROU ND OF THE INVENTION AND PRIOR ART

The present invention relates generally to measuring fluid flows.
More particularly the invention relates to a device according to
the preamble of claim 1 and a method according to the preamble
of claim 1 . The invention also relates to a computer program ac¬

cording to claim 19 and a computer readable medium according
to claim 20.

Measuring a liquid flow is a relatively straightforward task prov i
ded that the flowing medium is homogenous, i.e. if there is only
a single substance present in the conduit where the flow is to be
measured. However, in practice, it is often the case that the f lo

wing medium is non-homogenous, i .e. there is more than one
substance present in the conduit. Moreover, the proportions bet

ween the different constituents in the flow may vary over time.
As a result, it can be rather complicated to determine relevant
flow measures. To mention a few examples, such liquid flows
are common in milk extraction and transport, and in the oil and
gas industry.

The prior art contains various examples of flow measurement
solutions. For example WO 0 1/2951 8 discloses a solution for
carrying out measurements of a pulsating milk flow in a line.
Thus, here, the measured medium comprises a gas and a liquid.
The line has a measuring region in which at least one parameter
of the medium is determined during a measurement. The mea

suring region, in turn, may contain a measuring chamber in

which milk remains after a pulse flow. This allows further analy
sis of the milk, such as color analysis.

US 5 ,116 ,119 reveals a solution for measuring milk flows, w he
rein the liquid is directed to flow through one or more flow
channels, while exposing the liquid to electromagnetic radiation.



The liquid's transparency to electromagnetic radiation is used to
determine a momentary volume of the liquid flowing through
each flow channel. The momentary velocity of the liquid flowing
through the flow channels is also determined, thereby permitting
a determination of the momentary flow rate of the liquid flowing
through the flow channels.

EP 1 155 610 describes a quantity meter for determining the
quantity of liquid flowing through a line. The quantity meter has
two electrically conductive elements arranged in the line at a
fixed measuring distance from each other. The conductive ele

ments are connected to an electronic circuit. The diameter of the
line is such that when the liquid is flowing there through the vo

lume of the line across the measuring distance is completely f i l

led for some time. Furthermore, in the electronic circuit the
quantity of liquid flowing through is determined based on the
measured electric conductivity of the liquid therein .

US 7 ,155,971 shows a device for determining the volumetric
flow rate of milk flowing during a milking process. Here, a cross-
sectional area of the milk flow is determined at a first measuring
point by means of a sensor, which is arranged outside the f lo

wing milk. The time required by the milk flow, with the deter
mined cross-sectional area, to go from the first measuring point
to a second measuring point provided downstream from the first
measuring point is measured. The flow speed is then derived
from the measured time and the known distance between the
first and second measuring points. The volumetric flow rate is

determined on the basis of the determined cross-sectional area
and the flow speed .

PROBLEMS ASSOCIATED WITH T HE PRIOR ART

Hence, solutions are known in the prior art for determining a l i

quid flow in a fluid flow that contains both gas and liquid. Given
that the overall liquid flow also is measured it is likewise pos

sible to derive the gas flow based on the prior-art solutions.



However, there is yet no fully reliable and efficient solution,
which allows online measurement of a gas flow and/or a liquid
flow in a fluid flow containing both gas and liquid.

SUMMARY OF THE INVENTION

The object of the present invention is to mitigate the above pro

blem, and thus offer an improved means for determining a flow
of a first fluid (e.g. a gas) or a flow of a second fluid (e.g. a l i

quid), or both, in a fluid flow where the first and second fluids
are mixed.

According to one aspect of the invention , the object is achieved
by the initially described device, wherein the first measure rep

resents a first type of physical characteristic of the fluid medium
flowing through the measurement section, and the second mea

sure represents a second type of physical characteristic of the
fluid medium flowing through the measurement section . The
second type of physical characteristic is here different from the
first type of physical characteristic. For example this means that
the first measure may represent a speed of the flowing medium,
while the second measure represents a filling degree of the
measurement section (or a ratio between the amounts of first
and second fluids therein). However, alternative physical cha¬

racteristics are also conceivable, such as representations of dis¬

tinctive flow patterns in the fluid medium.

In any case, this device is advantageous because it provides
straightforward information concerning the flow components of
the constituents in a mixed fluid flow, such as the air and/or milk
respectively in a milk conduit of a milking installation .

According to a preferred embodiment of this aspect of the inven
tion, each of the first and second sensor devices comprises at
least one inductive sensor, conductive sensor, differential-pres
sure sensor, optical sensors and/or acoustic sensor. It should be
noted that although the first and second measures represent d if

ferent types of physical characteristics, the first and second sen-



sor devices may include the same types of sensor devices. The
above-mentioned sensor devices are all beneficial because they
are unobtrusive, i.e. do not influence the measurements as such.

According to yet another preferred embodiment of this aspect of
the invention, the device includes a data storage including a
look-up table. The look-up table, in turn , contains representative
values of the flow of the first fluid and/or the flow of the second
fluid for each of a set of pairs of the first and second measures.
The processor is configured to derive the first and second
measures based on the look-up table, for example by interpola¬
ting between, or extrapolating from the data therein. Hence, the
design becomes very processing efficient.

According to still another preferred embodiment of this aspect of
the invention, the processor is instead configured to implement
an artificial neural network modeling a relationship between a
set of pairs of the first and second measures and the flow of the
first fluid and/or the flow of the second fluid respectively. There
by, a highly memory-efficient design is attainable.

According to further preferred embodiments of this aspect of the
invention, the first sensor device is configured to register the
first measure as a speed of the fluid medium and the second
sensor device is configured to measure an electrical conductivity
of the fluid in the measurement section . Based thereon, a mea

sure is derived representing an estimated ratio between an
amount of the first fluid and an amount of the second in the
measurement section . Thus, relatively low flow rates can be de

termined especially accurately.

According to yet another preferred embodiment of this aspect of
the invention, the measurement section contains a designated
space configured to temporarily store an amount of the fluid m e

dium . An electrical conductivity reference measurement is exe
cuted with respect to the amount fluid medium stored in this
space. Thus, reliable conductivity measurements can be perfor-



med on the fly.

According to still another preferred embodiment of this aspect of
the invention, the second sensor device is configured to register
the second measure as a pressure drop over a well-defined con-
duit segment of the measurement section. Such an arrangement
is especially suitable for registering relatively high flow rates.

According to another preferred embodiment of this aspect of the
invention, the second sensor device is configured to analyze the
fluid medium in the measurement section during a measurement
interval. Based thereon, the second measure is produced to re p

resent a flow pattern of the fluid medium during said measure
ment interval. The flow pattern may be a statistical representa
tion of how the first and second fluids are distributed in the mea

surement section over time. Namely, for instance, a given ratio
between gas and liquid may correspond to many different distri
butions of gas bubbles in the liquid ranging from one large bubb
le to a high number of very small bubbles. These differences
can be captured in the form of various flow pattern classif ica
tions, which, in turn (given a particular flow rate), correspond to
different liquid flows and gas flows.

According to a further preferred embodiment of this aspect of
the invention, the device includes a third sensor device which is
also arranged in the measurement section . The third sensor de

vice is configured to derive a third measure representing an esti-
mated ratio between an amount of the first fluid and an amount
of the second fluid in the measurement section based on a mea
sured electrical conductivity of the fluid in the measurement sec

tion. The second sensor device is configured to register the se

cond measure as a pressure drop over a well-defined conduit
segment of the measurement section . The processor is conf igu
red to derive the flow of the first fluid and the flow of the second
fluid based on the first, second and third measures by using the
second measure for fluid flow rates above or equal to a thres
hold flow rate and using the third measure for fluid flow rates



below the threshold flow rate. Hence, accurate first and second
flow values can be determined over a very wide range of flow ra¬

tes.

According to another aspect of the invention, the object is achie-
ved by the method described initially, wherein the first measure
is registered to represent a first type of physical characteristic of
the fluid medium flowing through the measurement section, and
the second measure is registered to represent a second type of
physical characteristic of the fluid medium flowing through the
measurement section , the second type of physical characteristic
being different from the first type of physical characteristic. The
advantages of this method, as well as the preferred embodi
ments thereof, are apparent from the discussion above with re

ference to the proposed device.

According to a further aspect of the invention the object is
achieved by a computer program , which is directly loadable Into
the memory of a computer, and includes software adapted to im

plement the method proposed above when said program is run
on a computer.

According to another aspect of the invention the object is achie
ved by a computer readable medium, having a program recorded
thereon, where the program is to control a computer to perform
the method proposed above when the program is loaded into the
computer.

Further advantages, beneficial features and applications of the
present invention will be apparent from the following description
and the dependent claims.

BRI EF DESCR IPTION OF THE DRAWI NGS

The invention is now to be explained more closely by means of
preferred embodiments, which are disclosed as examples, and
with reference to the attached drawings.



Figure 1 shows a measurement section of a device accor¬
ding to a first embodiment of the invention;

Figure 2 shows a measurement section of a device accor
ding to a second embodiment of the invention ;

Figures 3a-c illustrate how an overall flow rate may be determi¬
ned according to one embodiment of the inven
tion;

Figure 4 illustrates how a proposed inductive sensor mea

sures the speed of a flowing fluid medium; and

Figure 5 illustrates, by means of a flow diagram, the gene
ral method according to the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE IN

VENTION

Initially, we refer to Figure 1, which shows a device according to
a first embodiment of the invention. For simplicity, we will here
assume that the first fluid represents a liquid L and that the se

cond fluid represents a gas G , and consequently a liquid flow FL
or a gas flow FG is to be determined in a fluid medium contai
ning a mix of gas G and liquid L . The gas G, in turn, may contain
air and the liquid L , in turn , may contain milk. Nevertheless, ac

cording to the invention, any alternative gas and liquid media
are conceivable. Moreover, it should be noted that the invention
is applicable to situations wherein the fluid medium contains a
mix of different liquid media, e.g . water and oil, as well as other
combinations of liquid and gas, such as oil/gas, water/steam,
and oil/gas/water.

The proposed device includes a conduit 10 , a first sensor devi
ce S1, a second sensor device S2 and a processor 120.

The conduit 10 , for example a milk line, is config ured to recei-
ve and transport the fluid medium throug h a measurement sec

tion M.



The first sensor device S 1 (here schematically illustrated as a
ring around the conduit 110) is arranged in the measurement
section M, and configured to register a first measure ml in res

pect of the fluid medium. The first measure ml represents a first
physical characteristic of the fluid medium in the measurement
section M, such as the speed of the fluid medium. Alternatively,
the first measure ml may represent a ratio between the amount
of gas G and the amount of liquid L present in the measurement
section M (where the first sensor device S1 is located), i .e. a
filling degree. As will be elaborated below, the first measure ml
may otherwise represent a flow pattern of the liquid medium .

In any case, the first sensor device S 1 is configured to register
the first measure ml in response to energy fluctuations induced
by the fluid medium flowing through the measurement section M .

In other words, the first sensor device S1 is designed to respond
to at least one stimulus caused by the fluid medium. To this aim,
the first sensor device S 1 may include one or more of the follo
wing: inductive sensors, conductive sensors, optical sensors and
acoustic sensors.

The second sensor device S2 is likewise configured to respond
to at least one stimulus caused by the fluid medium, and may
thus include at least one inductive sensor, at least one conduc
tive sensor, at least one optical sensor and/or at least one acous
tic sensor. However, a second measure m2 registered by the se-
cond sensor device S2 represents a second type of physical
characteristic, which is different from the first type of physical
characteristic. This means that if for example the first measure
ml represents the speed of the fluid medium, the second
measure m2 is a non-speed measure, such as the ratio between
the amounts of gas G and liquid L in the measurement section
M. Depending on what the first measure ml represents, the
second measure m2 may represent the speed of the fluid m e

dium , a ratio between the amount of gas G and the amount of l i

quid L present in the measurement section M (where the second
sensor device S2 is located), a pressure drop over a well-defi-



ned conduit segment of the measurement section M , or a flow
pattern provided that the first and second measures ml and m2
are different from one another.

Since the second measure m2 reflects a physical characteristic
of a type different from that of the first measure m , the second
measure m2 is independent from the first measure ml .

Each sensor device S1 and S2 may contain two or more sensor
elements. For instance, a conductive sensor configured to regis
ter a measure m1/m2 in the form of a volumetric flow rate requi-
res at least two separate sensor elements to determine a travel
time across a known distance. In order to calibrate the conduc
tive sensor elements it is preferable if the measurement section
M includes a designated space (e.g. a cavity, groove or other
suitable volume) configured to temporarily store an amount of
the fluid medium. Repeated electrical conductivity reference
measurements can then be executed with respect to the amount
of fluid medium in the designated space.

According to embodiments of the invention, the measure ml or
m2 may also represent a pressure drop over a well-defined con-
duit segment of the measurement section M. In such a case, the
sensor device in question S 1/S2 contains a differential-pressure
sensor.

According to other embodiments of the invention , one of the
sensor devices S1 or S2 is configured to analyze the fluid me-
dium in the measurement section M during a measurement inter
val, say 0 .5 to 45 seconds. Based on this analysis, the sensor
device is configured to produce a measure ml or m2 respect i
vely to represent a flow pattern of the fluid medium during the
measurement interval. The flow pattern describes how the gas
and liquid are distributed in the measurement section over time.
Namely, the filling deg ree alone may not provide a sufficiently
accurate measure of the liquid-gas distribution in the fluid con

duit 1 0 , since a given ratio between gas and liquid may corres-



pond to anything from a liquid amount joined by a single gas
bubble to the same liquid amount being fully foamed by micros
copic bubbles. To determine the gas flow and/or liquid flow ac

curately, it is vital that such differences in the gas-liquid distri-
bution are identified. Preferably, different distinctive flow pat

terns are determined based on averaging and statistical analysis
of, for instance the spectral properties of the fluid flow.

As is apparent from the embodiment illustrated in Figure 1, the
first sensor device S1 is arranged upstream of the second sen-
sor device S2 in the measurement section M relative to a flow
direction of the fluid medium. This is merely equivalent to the
fact that the sensor devices S 1 and S2 are physically separated
from one another along the flow direction of the fluid medium.
According to other embodiments of the invention (not shown),
the sensor devices S1 and S2 may equally well be co-located in

the measurement section M . The specific design chosen de

pends on which type(s) of sensor elements that are included in

the sensor devices S 1 and S2.

The processor 120 is configured to derive the liquid flow FL and/
or the gas flow FG based on the first and second measures m
and m2 respectively. This is possible because the first and se

cond measures ml and m2 are mutually independent and both
dependent on the two flow components FG and FL.

Mathematically, this can be expressed as:
η ff1(F ,FL)

( 1 )
m2 2(FG,FL)J

where f 1(FG,FL) is a first function of the gas flow FG and the
liquid flow FL and f2(F G,FL) is a second function of the gas flow
FG and the liquid flow FL.

Of course, since ml and m2 are mutually independent, the rela-
tionship (1) is invertible to obtain the expression :



where F 1 (m l , m2) is a first function of the measures ml and m2

and F2(m 1, m2) is a second function of the measures ml and
m2.

It is worth noticing that, according to the present invention, it is
possible to generalize the expressions ( 1) and (2), such that n

individual flows may be determined in a fluid flow containing n

different fluids provided that n mutually independent measures
are registered in respect of the fluid flow.

In practice it may be very difficult to derive the expression (2)
analytically. Therefore, according to a first embodiment of the
invention, the proposed device includes a data storage 130 in

cluding a look-up table containing representative values of the
gas flow FG and/or the liquid flow FL for each of a set of pairs of
the first and second measures ml and m2. The look-up table, in

turn, is preferably based on a relatively large number of refe
rence measurements of ml and m2, where each measurement is

correlated with an independent registering of the gas flow FG
and the liquid flow FL ( i .e. a specific measuring of each separate
flow).

If high accuracy is desired over a comparatively wide range of
flow rates the look-up table may represent a substantial amount
of data. Therefore, in some implementations, it may be interes
ting to trade storage space against processing resources, and
thus replace the look-up table with an artificial neural network
A NN modeling the relationship between pairs of the first and se

cond measures ml and m2 and/or the gas flow FG and the liquid
flow F respectively.

Figure 2 shows such an embodiment of the invention. Here, all
the reference labels that also occur in Figure 1 designate the
same entities and parameters as those described above with re

ference to Figure 1.



Nevertheless, the measurement section M illustrated in Figure 2
also includes a third sensor device S3. This sensor device S3 is
configured to derive a third measure m3 representing an
estimated ratio between an amount of gas G and an amount of
liquid L in the measurement section M based on a measured
electrical conductivity of the fluid in the measurement section M.

The second sensor device S2 is here configured to register the
second measure m2 as a pressure drop over a well-defined con¬
duit segment of the measurement section M , and the first sensor
device S1 is configured to register the first measure ml as a
speed of the fluid medium.

The processor 120 is configured to derive the gas flow FG and
the liquid flow FL based on the first, second and third measures
ml m2 and m3 respectively by using the first measure ml and
the second measure m2 for fluid flow F rates above or equal to a
threshold flow rate; and using the first measure m and the third
measure m3 for fluid flow F rates below the threshold flow rate.
Namely, a pressure sensor is relatively accurate for determining
comparatively high flow rates, whereas a measure expressing
the relative proportions of gas and liquid is capable of registe
ring comparatively low flow rates.

Preferably, the processor 120 includes, or is associated with, a
computer readable medium 125, e.g. in the form of a memory
module, such that the processor 120 has access to the contents
of this medium 125. Furthermore, a program is recorded in the
computer readable medium 125, and the program is adapted to
make the processor 120 control the process described above, as
well as the embodiments thereof further elaborated on below,
when the program is run on the processor 120.

Figure 3a shows a first graph expressing a first parameter x-i as
a function of time t . Figure 3b shows a second graph expressing
a second parameter x2 as a function of time t . For example, the
first and second parameters and x2 may represent a ratio bet-



ween an amount of gas G and an amount of liquid L in the mea

surement section M at the positions for the first and second sen

sor devices S 1 and S2 respectively.

Figure 3c shows a third graph expressing a cross correlation
R(-c) between the first and second parameters and x2 for diffe
rent time offsets τ . As can be seen, there is a distinct peak va¬

lue in the cross correlation function R(x) for a time offset A =a ,
where a is a sampling interval t . This is equivalent to that the
average travelling time for the liquid flow between the position
for the first sensor device S 1 and the position for the second
sensor device S2 is At. Given that the distance sS i-s2 between
these two positions is known, the overall flow rate v of the
liquid flow can be determined as:

v (3)
At

The cross correlation R(x) may be calculated as:

where N is a last sample of a sampling period, preferably cor¬

responding to a measuring interval of 1 to 5 seconds in respect
of the parameters x and x2.

Figure 4 illustrates how a proposed inductive sensor element
measures the speed of a flowing fluid containing gas and liquid.

Here, a first coil for electric current 4 10 is arranged on a first
side of a conduit 110 for the fluid, and a second coil for electric
current 420 is arranged on a second side of the conduit 10
opposite to the first side. An alternating voltage U(f) is applied
between a pair of terminals connected to the first and second
coils 4 10 and 420 respectively. The alternating voltage U(f) may
have a frequency f at 20 kHz to 60 kHz, preferably around 40
kHz. Depending on the speed vF of the flowing fluid a voltage
Au(fp) is also induced in the coils 410 and 420. Thus, the devia
tions Au(f ) from the applied voltage U(f) represents a measure



of the speed of the flowing fluid.

In order to sum up, with reference to the flow diagram in Figure
5 , we will now describe the general method according to the in

vention for determining a liquid flow and a gas flow in a fluid me-
dium containing a mix of gas and liquid.

In a first step 5 10 , a first measure in respect of the fluid medium
is registered via a first sensor device in a measurement section
of a conduit for the fluid medium.

A second step 520 (preferably parallel to step 5 10) registers, via
a second sensor device in the measurement section , a second
measure in respect of the fluid medium. The first and second
measurers are mutually independent. However, the first and se

cond measures are both dependent on the liquid flow as well as
the gas flow in the fluid medium. Subsequently, a step 530 deri-
ves the flow of the first fluid and/or the flow of the second fluid
based on the first and second measures, for instance by using a
lookup table or an artificial neural network.

Thereafter, the procedure loops back to steps 5 10 and 520 for
updated registering of flow measures.

All of the process steps, as well as any sub-sequence of steps,
described with reference to Figure 5 above may be controlled by
means of a programmed computer apparatus. Moreover, although
the embodiments of the invention described above with reference
to the drawings comprise computer apparatus and processes per-
formed in computer apparatus, the invention thus also extends to
computer programs, particularly computer programs on or in a
carrier, adapted for putting the invention into practice. The prog

ram may be in the form of source code, object code, a code inter

mediate source and object code such as in partially compiled
form, or in any other form suitable for use in the implementation of
the process according to the invention. The program may either be

a part of an operating system, or be a separate application. The
carrier may be any entity or device capable of carrying the prog-



ram. For example, the carrier may comprise a storage medium,
such as a Flash memory, a ROM (Read Only Memory), for ex

ample a DVD (Digital Video/Versatile Disk), a CD (Compact Disc)
or a semiconductor ROM, an EPROM (Erasable Programmable
Read-Only Memory), an EEPROM (Electrically Erasable Program
mable Read-Only Memory), or a magnetic recording medium, for
example a floppy disc or hard disc. Further, the carrier may be a
transmissible carrier such as an electrical or optical signal which
may be conveyed via electrical or optical cable or by radio or by
other means. When the program is embodied in a signal which
may be conveyed directly by a cable or other device or means, the
carrier may be constituted by such cable or device or means.
Alternatively, the carrier may be an integrated circuit in which the
program is embedded, the integrated circuit being adapted for per-
forming, or for use in the performance of, the relevant processes.

Although the invention is advantageous in connection with cow
milking , the invention is equally well adapted for implementation in

milking machines for any other kind of mammals, such as goats,
sheep or buffaloes.

The term "comprises/comprising" when used in this specification is

taken to specify the presence of stated features, integers, steps or
components. However, the term does not preclude the presence
or addition of one or more additional features, integers, steps or
components or groups thereof.

The invention is not restricted to the described embodiments in the
figures, but may be varied freely within the scope of the claims.



Claims

1. A device for measuring parameters (FL, FG) describing a
flow of a fluid medium containing a first fluid (G) and a second
fluid (L), the device comprising :

a conduit ( 110) configured to receive and transport the
fluid medium through a measurement section (M),

a first sensor device (S 1) arranged in the measurement
section (M), and configured to register a first measure (m l ) in
respect of the fluid medium;

a second sensor device (S2) arranged in the measurement
section (M), and configured to register a second measure (m2)
in respect of the fluid medium,
the second measure (m2) being independent from the first mea
sure (m l ) , the first and second measures (m l ; m2) both being
dependent on a flow (FG) of the first fluid (G) and flow (FL) of the
second fluid (L) in the fluid medium; and

a processor ( 120) configured to derive the flow (FG) of the
first fluid (G) and/or the flow (FL) of the second fluid (L) based
on the first and second measures (m l , m2),
characterized in that

the first measure (m l ) represents a first type of physical
characteristic of the fluid medium flowing through the measure
ment section (M), and

the second measure (m2) represents a second type of phy-
sical characteristic of the fluid medium flowing through the mea
surement section (M), the second type of physical characteristic
being different from the first type of physical characteristic.

2 . The device according to claim 1, wherein each of the first
and second sensor devices (S1 , S2) comprises at least one sen-
sor selected from a group consisting of: inductive sensors, con
ductive sensors, differential-pressure sensors, optical sensors
and acoustic sensors.

3 . The device according to any one of claims 1 or 2 , compri
sing a data storage (130) including a look-up table containing
representative values of the flow (FG) of the first fluid (G) and/or
the flow (FL) of the second fluid (L) for each of a set of pairs of



the first and second measures (m ; m2), and the processor
( 120) is configured to derive the first and second measures (m l ;
m2) based on the look-up table.

4 . The device according to any one of claims 1 or 2 , wherein
the processor ( 120) is configured to implement an artificial neu¬
ral network (ANN) modeling a relationship between a set of pairs
of the first and second measures (ml ; m2) and/or the flow (FG)
of the first fluid (G) and the flow (FL) of the second fluid (L) res
pectively.

5 . The device according to any one of the preceding claims,
wherein the first sensor device (S 1) is configured to register the
first measure (m l ) as a speed of the fluid medium.

6 . The device according to claim 5 , wherein the second sen
sor device (S2) is configured to measure an electrical conducti-
vity of the fluid in the measurement section (M), and based the
reon derive a second measure (m2) representing an estimated
ratio between an amount of the first fluid (G) and an amount of
the second fluid (L) in the measurement section (M).

7 . The device according to claim 6 , wherein the measurement
section (M) comprises a designated space configured to tempo
rarily store an amount of the fluid medium with respect to which
amount an electrical conductivity reference measurement is exe
cuted.

8 . The device according to claim 5 , wherein the second sen-
sor device (S2) is configured to register the second measure
(m2) as a pressure drop over a well-defined conduit segment of
the measurement section (M).

9 . The device according to claim 5 , wherein the second sen
sor device (S2) is configured to analyze the fluid medium in the
measurement section (M) during a measurement interval , and
based thereon produce the second measure (m2) to represent a
flow pattern of the fluid medium during said measurement inter-



val.

10 . The device according to claim 5 , wherein
the second sensor device (S2) is configured to register the

second measure (m2) as a pressure drop over a well-defined
conduit segment of the measurement section (M);

the device comprising a third sensor device (S3) arranged
in the measurement section (M), the third sensor device (S3)
being configured to measure an electrical conductivity of the
fluid in the measurement section (M) and based thereon derive a
third measure (m3) representing an estimated ratio between an
amount of the first fluid (G) and an amount of the second fluid
(L) in the measurement section (M); and

the processor ( 120) is configured to derive the flow (FG) of
the first fluid (G) and the flow (F ) of the second fluid (L) based
on the first, second and third measures (m , m2, m3) by using
the second measure (m2) for fluid flow (F) rates above or equal
to a threshold flow rate and using the third measure (m3) for
fluid flow (F) rates below the threshold flow rate.

11. The device according to any one of the preceding claims,
wherein the first fluid (G) represents a gas and the second fluid
(L) represents a liquid.

12 . A method for determining parameters (FL, FG) describing a
flow of a fluid medium containing a first fluid (G) and a second
fluid (L), the method comprising:

registering , via a first sensor device (S1) in a measure
ment section (M) of a conduit ( 1 10) for the fluid medium, a first
measure (m l ) in respect of the fluid medium;

registering , via a second sensor device (S2) in the measu
rement section (M), a second measure (m2) in respect of the
fluid medium , the second measure (m2) being independent from
the first measure (m l ) , the first and second measures (m l ; m2)
both being dependent on a flow (FG) of the first fluid (G) and a
flow (FL) of the second fluid (L) in the fluid medium ; and

deriving the flow (FG) of the first fluid (G) and/or the flow
(FL) of the second fluid (L) based on the first and second mea-



sures (m l ; m2),
characterized by:

registering the first measure (ml ) to represent a first type
of physical characteristic of the fluid medium flowing through the
measurement section (M), and

registering the second measure (m2) to represent a se

cond type of physical characteristic of the fluid medium flowing
through the measurement section (M), the second type of phy
sical characteristic being different from the first type of physical
characteristic.

13 . The method according to claim 12 , wherein the first and se

cond measures (m l , m2) are registered via at least one respec
tive sensor device selected from a group consisting of: inductive
sensors, conductive sensors, differential-pressure sensors, opti-
cal sensors and acoustic sensors.

14 . The method according to any one of claims 12 or 13 , com
prising deriving the flow (FG) of the first fluid (G) and/or the flow
( F ) of the second fluid (L) based on a look-up table ( 130) con¬
taining representative values of the flow (FG) of the first fluid (G)
and/or the flow (FL) of the second fluid (L) for each of a set of
pairs of the first and second measures (m l ; m2).

15 . The method according to any one of claims 12 or 13 , com
prising deriving the flow (FG) of the first fluid (G) and/or the flow
(FL) of the second fluid (L) based on an artificial neural network
(AN N) modeling a relationship between a set of pairs of the first
and second measures (m l ; m2) and/or the flow (FG) of the first
fluid (G) and the flow (FL) the second fluid (L) respectively.

16 . The method according to any one of claims 12 to 15, com
prising registering the first measure (m l ) as a speed of the fluid
medium .

17 . The method according to claim 16 , comprising measuring
an electrical conductivity of the fluid in the measurement section
(M), and based thereon , deriving the second measure (m2) rep-



resenting an estimated ratio between an amount of the first fluid
(G) and an amount of the second fluid (L) in the measurement
section (M).

18 . The method according to claim 16 , comprising registering
the second measure (m2) as a pressure drop over a well-defined
conduit segment of the measurement section (M).

19 . The method according to claim 16 , comprising:
analyzing the fluid medium in the measurement section (M)

during a measurement interval, and based thereon
producing the second measure (m2) to represent a flow

pattern of the fluid medium during said measurement interval.

20. The method according to claim 16 , comprising:
registering the second measure (m2) as a pressure drop

over a well-defined conduit segment of the measurement section
(M);

measuring an electrical conductivity of the fluid in the mea
surement section (M), and based thereon, deriving a third mea¬
sure (m3) representing an estimated ratio between an amount of
the first fluid (G) and an amount of the second fluid (L) in the
measurement section ( ); and

deriving the flow (FG) of the first fluid (G) and the flow (FL)
of the second fluid (L) based on the first, second and third mea
sures (m l , m2 , m3) by using the second measure (m2) for fluid
flow (F) rates above or equal to a threshold flow rate and using
the third measure (m3) for fluid flow (F) rates below the thres
hold flow rate.

21. A computer program loadable into the memory (125) of a
computer, comprising software for controlling the steps of any of
the claims 12 to 20 when said program is run on the computer.

22 . A computer readable medium ( 125), having a program re

corded thereon, where the prog ram is to make a computer con
trol the steps of any of the claims 12 to 20 when the program is
loaded into the computer.







A . CLASSIFICATION O F SUBJECT MATTER

INV. G01F1/74 A01J5/01 G01F1/708
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G01F A01J

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

FR 2 722 292 Al ( INST FRANCAIS DU PETROLE I - 5 ,
[FR] ) 12 January 1996 (1996-01-12) II- 16,

21 ,22
page 2, l i nes 1-5
page 6, l i ne 26 - page 13 , l i ne 24
f i gures 1-3

US 2008/236298 Al (GYSLING DANI EL L [US] ) 1-3 ,5 ,8,
2 October 2008 (2008-10-02) 9 , 11-14,

16, 18,
19 ,21 ,22

paragraphs [0023] , [0043] - [0044] ,
[0048] , [0068] - [0071] , [0078]
f i gures 1-15

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

6 March 2013 13/03/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Roetsch , Patri ce



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2006/121480 A2 (AGAR CORP LTD; FARCHY 1 , 2 ,4,5 ,
DAVID [US] ; AGAR JORAM) 8,9 ,
16 November 2006 (2006-11-16) 11-13 ,

15 , 16,
18, 19 ,
2 1 ,22

page 13 , l i ne 10 - page 16, l i ne 15 ;
f i gures 1-8

W0 2010/068118 Al (MULTI PHASE METERS AS 1-3 ,
[NO] ; WEE ARNSTEIN [NO] ; SKJAELDAL INGE 5-14,
MORTEN [ ) 17 June 2010 (2010-06-17) 16-22
page 9 , l i ne 9 - page 14, l i ne 28; f i gures
1-10

W0 2009/125412 A2 ( E N G S SYSTEMS LTD
[ I L] ; PHI LLP0T NICHOLAS [ I L] )
15 October 2009 (2009-10-15)
page 5 , l i ne 19 - page 6 , l i ne 26; f i gure



Patent document Publication Patent family Publication
cited in search report date member(s) date

FR 2722292 Al 12 -01 -1996 NONE

US 2008236298 Al 02 -10 -2008 AU 2009204007 Al 16-07-2009
CA 2711625 Al 16-07-2009
EP 2238415 Al 13-10-2010
US 2008236298 Al 02-10-2008
WO 2009089438 Al 16-07-2009

O 2006121480 A2 16 -11 -2006 US 2008000306 Al 03-01-2008
WO 2006121480 A2 16-11-2006

O 2010068118 Al 17 -06 -2010 AU 2009325212 Al 17-06-2010
CA 2744420 Al 17-06-2010
CN 102246009 A 16-11-2011
GB 2477892 A 17-08-2011
US 2011301877 Al 08-12-2011
WO 2010068118 Al 17-06-2010

WO 2009125412 A2 15 -10 -2009 AT 546713 T 15-03-2012
CA 2720893 Al 15-10-2009
EP 2288881 A2 02-03-2011
US 2011130977 Al 02-06-2011
WO 2009125412 A2 15-10-2009


	abstract
	description
	claims
	drawings
	wo-search-report

