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(57) Abréegée/Abstract:

The Invention relates to a device for integrating electrodes (12) characterizing the flow of a multiphase fluid in a tubing (10). The
device Includes a tube section (14) made out of an electrically insulating material and bearing the electrodes on its external surface.
A metal compensation sheath (16) encircles the section (14), being separated from the latter by an insulating and incompressible

fluid. An annular chamber (18) outside the sheath communicates with the inside of the tubing (10). The sheath (16) Is fixed on seal
rnngs (29) inserted at the ends of the section (14), by reinforcement for example.
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22 | _" acterizing the flow of a multiphase fluid in a tubing (10). The device includes a tube

AQ %’ section (14) made out of an electrically insulating material and bearing the electrodes

% \’ on its external surface. A metal compensation sheath (16) encircles the section (14),

§ §’ being separated from the latter by an insulating and incompressible fluid. An annular

N\ \ 40 chamber (18) outside the sheath communicates with the inside of the tubing (10). The

F__ ) sheath (16) is fixed on seal rings (29) inserted at the ends of the section (14), by rein-
forcement for example.
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DEVICE FOR CHARACTERIZING THE FLOW OF A MULTIPHASE FLUID IN A TUBING

The 1vention relates to a device for integrating in a tubing, such as a tubing in an oil well,

electrodes used for characterizing the flow of a multiphase fluid in the tubing.

A device for characterizing the flow of a multiphase fluid flowing inside a tubing is described
in documents FR-A-2 780 499 and FR-A-2 806 799. This device comprises several sets of
electrodes positioned on the tubing, in such a way that the fluid flows between the electrodes.
In such a device, the electrodes measure very weak currents and impedances. They should
therefore not be in direct contact with the fluid and should be‘ electrically insulated from the
tubing. In addition, the fluid should be confined to flow through the middle of the group of
electrodes. Therefore the latter should be an integral part of the tubing. However, the tubing
1n which measurements are performed often operate in environments such as are found in oil
wells in which particularly harsh conditions prevail. For example, the temperature may attain
several hundred degrees and the pressure may be larger than 1,000 bar in an environment

containing H>S. The device for integrating the electrodes into the tubing should there fore

withstand such conditions without reducing the internal diameter of the tubing.

The present invention provides a device for integrating electrodes for characterizing the flow
of a multiphase fluid into a tubing, by preventing any direct contact between the fluid and the
electrodes and by providing electric insulation of the latter with respect to the tubing. The
invention 1s characterized in that it comprises a tube section made out of an electrically
insulating material and having an internal diameter substantially equal to that of the tubing,

tube section being integrated in the tubing and bearing the electrodes on its external surface.

With this layout, the electrical insulation of the electrodes with respect to the tubing may be

ensured and any direct contact between the electrodes and the fluid which flows in the tubing

may be prevented.

In a preferred embodiment of the invention, a flexible compensation sheath encircles the tube
section bearing the electrodes, by delimiting with this section a first annular closed space,

filled with an insulating and incorﬁpressible fluid and by delimiting with a portion of the
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tubing encircling the sheath a second annular space which communicates with the tluid
flowing in the tubing. With this layout, the tube section bearing the electrodes may be
protected from the pressure which prevails within the tubing, by maintaining this tube section

in equipressure. Indeed, the pressure inside the tubing may be larger than 1,000 bar when the

device is implemented at the bottom of a well.

In this preferred embodiment of the invention, seal rings are advantageously sealably secured

on the ends of the tube section bearing the electrodes. The tube section is thus connected to

the compensation sheath by gas-proof gaskets, able to withstand a pressure differential of

about 10 bar.

Preferably, the flexible compensation sheath is a metal sheath with ends welded onto metal

rings, themselves welded on intermediate metal rings to which are welded seal rings.

In the preferred embodiment of the invention, the seal rings are advantageously sealably

secured on the ends of the tube section bearing the electrodes, by a securing arrangement such

as reinforcement, O-rings or bonding.

Preferably, the tube section bearing the electrodes forms, together with the compensation
sheath and the seal rings, a sensor assembly which is mounted inside a junction area between
two tubing sections. The sensor assembly may then be flexibly mounted within the junction

area, by interposition of elastic mountings. The junction area integrates mountings for joining

both sections of the tubing, such as making up or welding.

Advantageously, the measurement is perfofmed in the area of the tubing within which the

fluid is homogeneous. For this purpose, a mixing system such as a Venturi is placed in the

tubing, upstream from the tube section bearing the electrodes.

Preferably, the Venturi has then an internal diameter less than half of the internal diameter of
the tubing and the distance between the outlet end of the Venturi and the inlet end of the tube

section bearing the sensors is between 1 and 10 times the internal diameter of the tubing.

Finally, the tube section bearing the electrodes is advantageously made out of a material
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selected from the group comprising plastics, rubber derivatives, polymers, and ceramics.

~ As an illustrative and non-limiting example, a preferred embodiment of the invention will

now be described, with reference to the appended drawing, wherein the single figure i1s a

longitudinal sectional view which illustrates a device for integrating electrodes characterizing

the flow of a multiphase fluid 1n a tubing, according to the invention.

In the single figure, reference number 10 generalliz refers to a tubing placed inside the casing
(not shown) of an oil well. The tubing 10 pipelines the flow of a multiphase fluid generally

formed by an immiscible mixture of liquid petroleum, petroleum gas and water. This flow is

symbolized by the arrow F in the figure.

As taught by documents FR-A-2 780499 and FR-A-2806 799, it 1s known how to
characterize the flow of the fluid in the tubing 10 by means of several sets of electrodes
positioned on the tubing in such a way that the fluid flows between said electrodes. As
explained in detail in these documents, characterization of the flow consists of a dielectric

measurement and a resistive measurement of the fluid. The different sets of electrodes are

illustrated at 12 in the figure.

The invention relates to a device for providing mechanical integration of the electrodes 12
into the tubing 10. First, this device takes into account the physical constraints which result
from the fact that the electric currents and the impedances measured by the electrodes 12 are
very low. These constraints are the requirement of physically insulating the electrodes from
the fluid on the one hand, i.e. preventing any direct contact between them, and on the other
hand providing the electrical insulation of the electrodes 12 with respect to the tubing 10. For
this purpose, the electrodes 12 are placed on a tube section 14, made out of an electrically
insulating material. This material can be selected from plastics, rubber derivatives, polymers
and ceramics. More specifically, the selection of the material is carried out in order to obtain
the dielectric constant mentioned in documents FR-A-2 780 499 and FR-A-2 806 799 and in

order that the material be sufficiently resistant to temperature, shock and corrosion, according

to the expected operating conditions.

As 1llustrated in the figure, the tube section 14 has a cylindrical shape and its internal
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diameter is the same as that of the tubing 10. The external diameter of the tube section 14 1s
calculated from the dielectric constant of the material with which it is formed, considering the
fact that the thickness of the section should be sufficient for it to withstand mechanical
stresses which will be applied to it during operation. Conversely, the external diameter of the
tube section 14 should not be excessive, so as to allow it to be mounted within the casing ot

the well, considering the fact that the electrodes 12 as well as various other components

which will be described later on, are placed around said tube section.

In the ﬁreferred embodiment of the device for integrating the electrodes 12 illustrated in the
figure, the tube section 14 is submitted to isostatic pressure, 1.. it 1S maintained 1in
equipressure with respect to the pressure prevailing within the tubing 10. With this layout, the
fact may be considered that the tube section 14 is made out of an insulating material for
which the mechanical strength is less than that of metals, while the pressure within the tubing
may attain more than 1,000 bar. The isostatic pressurization of the tube section 14 bearing the
electrodes 12 is obtained by placing a compensation sheath 16 around this section and by
forming around this sheath, an annular space 18, sealed with respect to the outside world and
which communicates with the inside of the tubing 10 through at least one passage 20. It is
understood that with this layout, a pressure substantially equal to that prevailing within the
tubing 10 may be established around the tube section 14 while retaining the physical |
insulation of the electrodes 12 with respect to the fluid flowing in the tubing. The '
compensation sheath 16 must be very thin and flexible in order to properly transmit the
pressure to the tube section 14. It should also be manufactured so that it does not plastically

deform under the effect of the pressure. In the preferred embodiment, the compensation

sheath 16 is therefore metal.

In order to notably retain the electrical insulation of the electrodes 12, while providing
transmission of the prevailing pressure in the annular chamber 18 to the tube section 14, the
compensation sheath 16 is separated from said tube section by an annular chamber 22 filled

with an insulating and incompressible fluid such as an electrically insulating oil. The annular

chamber 22 is a closed and sealed chamber.

In order to provide the seal between the electrodes 12 and the fluid of the well, contained 1n

the annular chamber 18, the ends of the compensation sheath 16 are welded. Considering the
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fact that the tube section 14 1s not metal, the ends of the compensation sheath are welded onto

metal rings 26, themselves welded to intermediate rings 24, which are welded to seal rings

- 29, themselves sealably secured to the ends of the tube section 14. The manner in which by

which the seal rings 29 are secured to the ends of the tube section 14 1s selected by taking into
account the different nature of the materials to be assembled, so that the fittings are gas-proof
under an internal pressure of several tens of bars to a few hundred degrees. Among the
securing means which meet these constraints are O-rings, the use of an adhesive, brazing,
molding and interference. In the described embodiment, the seal rings 29 are secured to the
ends of the tube section 14 by interference. For this purpose, the seal rings 29 are machined
so that their internal diameter is less, by a value calculated in order to obtain the seal, than the
external diameter of the tube section 14. Machining tolerances for diameters are very strict
and the surfaces are machined in order to achieve a surface finish roughness less than a few
tenths of a micron. The machined seal rings 29 are then heated. This heating has the effect of
expanding the rings in such a way that their internal diameter is greater than the external

diameter of the tube section 14. The latter is then rapidly introduced into the rings. Upon

cooling, the rings contract andapply a strong clamping force on the tube section, sufficient

for providing the seal fitting under the conditions mentioned earlier.

If allowed by the shapes of the seal rings 29, the compensation sheath 16 may be directly
welded on the latter. Generally and as illustrated in the figure, the compensation sheath 16 is

welded on spacer rings 26, themselves welded on intermediate rings 24.

The tube section 14 bearing the electrodes forms with the compensation sheath 16 and rings
29, 26 and possibly 24, a sensor assembly 27, integrated into the tubing 10. The device
illustrated in the figure is also designed in such a way that the tubing 10 1s able to withstand
in this area the same mechanical stresses as over the remainder of its length. Thus, the weight
of the tubing may exert on itself a tensile force equivalent to more than 100 metric tons. The
fact that the sensor assembly 27 should have the same internal diameter as the tubing 10, the
requirement of being able to install the assembly in the casing and that of providing its
sealing with respect to the annular passage formed between the tubing 10 and the casing, are
added to this constraint. In order to meet these different constraints, the device illustrated in
the single figure, is made in such a way that the sensor assembly 27 is flexibly mounted

within a junction area between two sections 10a and 10b of the tubing 10. With this layout,
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the sensor assembly 27 is not subjected to tensile or compressive stresses. This may be

achieved by securing the sensor assembly 27 to the upper section 10a of the tubing 10 via an

- elastic system 28. The passage 20 through which the inside of the tubing 10 communicates

with the annular chamber 18, is then formed between the tubing 10 and the outside of the

sensor assembly 27.

The junction between the two sections 10a and 10b of the tubing 10 is provided by junction

means 30 able to provide transmission of stresses, such as welding or making up.

As described in document FR-A-2 780 499 and FR-A-2 806 799, the different measurements
performed by the electrodes 12 integrate dielectric measurements and resistive measurements
of the fluid. The accuracy of these measurements is supported by a physical principle based
on the homogeneous character of the fluid. However, the different phases of the fluid flowing
in the well are not miscible. Actually, this is generally a binary mixture of liquid petroleum

and water or a ternary mixture of liquid petroleum, petroleum gas and water.

fn order td cause the fluid which flows within the sensor assembly 27, to have characteristics
as homogeneous as possible, a mixing system is introduéed inside the tubing 10, upstream
from the sensor forming set 27: For examble, the mixing system may be a system which
generates a pressure drop such as a Venturi 32. More specifically and as schematically
llustrated in the figure, the Venturi 32 is placed upstream from the sensor assembly 27, the
distance L between the outlet of the Venturi and the inlet of the electrodes is such that
ID<L<10D, wherein D refers to the internal diameter of the tubing 10. Further, the internal
diameter d of the Venturi 32 is such that 0.316<B<0.7751, with B=d/D. With these
characteristics as well as with the nature of the fluid and the flow rate, the fluid may be

provided with homogeneity able to guarantee the accuracy of the performed measurements.

The invention is not limited to the preferred embodiment described. Other modes for
mounting the tube section 14, which meet the mechanical and physical constraints mentioned

earlier, may be adopted without departing from the scope of the invention.
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CLAIMS

A device for integrating electrodes (12) for characterizing the flow of a multiphase
fluid into a tubing (10) through which the fluid flows, the device being characterized
in that it comprises a tube section (14) made out of an electrically insulating material
and having an internal diameter substantially equal to that of the tubing (10), said tube

section (14) being integrated into the tubing and bearing the electrodes (12) on its

external surface.

A device as claimed in claim 1, further comprising a flexible compensation sheath
(16) that encircles the tube section (14) bearing the electrodes (12), the sheath
delimiting, with the tube section, a first closed annular space (22) which filled with an
insulating and incompressible fluid, and with a portion of the tubing (10) encircling

the sheath, a second annular space (18) which communicates with the fluid flowing in

the tubing.

A device as claimed 1n claim 2, wherein seal rings (29) are secured on the ends of the

tube section (14) bearing the electrodes (12).

A device as claimed 1n claim 3, wherein the flexible compensation sheath (16) is an

elastic membrane, the ends of which are directly or indirectly secured on the seal rings

(29).

A device as claimed in claim 3 or 4, wherein the seal rings (29) are secured on the

ends of the tube section (14) bearing the electrodes (12) by means of interference or

shrink fit, brazing, molding, O-rings, or bonding.

A device as claimed in any of claims 3 to 5, wherein the tube section (14) bearing the
electrodes (12) forms, with the compensation sheath and the seal rings (29), a sensor

assembly (27) which is mounted within a junction area between two sections (10a,

10b) of the tubing (10).

A device as claimed in claim 6, wherein the sensor assembly (27) is flexibly mounted
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within the junction area, with interposition of elastic mountings (28).

A device as claimed in claim 6 or 7, wherein the junction (30) between the two

sections (10a, 10b) of the tubing is threaded or welded.

A device as claimed in any preceding claim, further comprising a mixing system (32)

placed in the tubing (10), upstream from the tube section (14).

A device as claimed in claim 9, wherein the mixing system is a Venturi (32) with an
internal diameter d such as 0.316<p<0.7751, with B=d/D, D being the internal

diameter of the tubing (10), and the distance between the outlet end of the Venturi
(32) and inlet end of the tube section (14) bearing the sensors (12) is between 1 and 10

times the internal diameter of the tube.

A device as claimed in any of the preceding claims, wherein the tube section (14)

made out of an electrically insulating plastic, rubber derivative, polymer or ceramic

material.
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