O O 0O 00 SO

0/77477 A2

—

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
21 December 2000 (21.12.2000)

A O O N A

(10) International Publication Number

WO 00/77477 A2

(51) International Patent Classification: GOIF
(21) International Application Number: PCT/GB00/02324
(22) International Filing Date: 14 June 2000 (14.06.2000)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

9913924.8 15 June 1999 (15.06.1999) GB

(71) Applicant (for all designated States except US): SONDEX
LIMITED [GB/GB]; Ford Lane, Bramshill, Hook, Hamp-
shire RG27 ORH (GB).

(72) Inventor; and

(75) Inventor/Applicant (for US only): STUART-BRUGES,
William, Peter [GB/GB]; Manor Farm House, Deane, Bas-
ingstoke, Hampshire RG25 3AS (GB).

(74) Agent: COHEN, Alan, Nicol; 2 Grove Place, Tatsfield,
Nr. Westerham, Kent TN16 2BB (GB).

(81) Designated States (national): AE, AL, AM, AT, AU, AZ,
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE,
ES, F1, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KP,KR.KZ, LC, LK, LR, LS, LT, LU, LV, MD,
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD,
SE, SG, SI, SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ,
VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,
CL, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
Without international search report and to be republished
upon receipt of that report.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: DEVICE FOR MEASURING FLOW RATE

(57) Abstract: A device for measuring the rate of flow of fluids in a conduit is positioned within the conduit and comprises a tube
having two spaced apart detectors which are separated by shielding units either side of them which are not in electrical contact with
the detector units, when a variable electrical field is applied between the walls of the conduit and the shielding units the detector
units detect discontinuities in the fluid e.g. by detecting changes in the ratio of voltage to current and, by correlating the movement
of the discontinuities between the detector units, it is possible to measure the rate of flow of the fluid.
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Device For Measuring Flow Rate

The present invention for measuring the rate of flow of liquids in conduits.

It is known to measure the rate of flow of liquids in conduits by having two spaced
apart detection means outside the conduit which can detect discontinuities in the
liquid flowing through the conduit. The discontinuities can be bubbles, solid
impurities and other areas of different phase to the bulk liquid. Using conventional
detection methods, such as measuring capacitance, or other electrical properties,
using ultra-sonic or short wavelength radiation etc. the pattern of the discontinuities
can be continuously measured and plotted at each location. The plot of the
discontinuities at each location are then correlated electronically and this is used to
measure the time taken for the discontinuities to pass sequentially the two detectors,
this measures the flow rate of the discontinuities and hence the flow rate of the liquid.
Although the method involves assumptions about the uniform nature and flow rate of

the discontinuities, in practice it can give a useful measurement of the flow rate of the
liquid.

We have now devised an improved method of measuring the flow rate of liquids in

conduits and equipment for measuring the flow rate of liquids in conduits.

According to the invention there is provided a method for measuring the flow rate of
a fluid in a conduit, which method comprises placing within the flowing fluid a
detector unit which comprises two linearly spaced apart detectors which have a
shielding unit made from an electrically conductive material positioned between
them, but not in electrical contact with them, and which have a shielding unit made
from an electrically conductive material upstream and downstream of the detectors
and adjacent, but not in electrical contact with them, which method comprises
applying an electrical field between the detector unit and the wall of the conduit and
measuring variations in the electrical field by means of the detectors and, by

correlating discontinuities in the electrical field, measuring the flow rate of the fluid.

The invention also provides a device for measuring the flow rate of fluids in a

conduit which device is adapted to fit within the conduit and comprises two spaced
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apart detector means capable of detecting and measuring an electric field, which
detector means have positioned between them and either side of them, but not in
electrical contact with them, shielding units made from an electrically conductive
material, the shielding units being in electrical contact with each other and the
detector means being connected to a measuring means able to measure variations in
the electrical field between the conduit wall and the device, there being means to

apply an electrical field between the detector unit and the wall of the conduit.

By correlating the variations in the electric field, as measured by the detector means,
between the device and the wall of the conduit the speed of flow of the bulk fluid can
be measured.

Preferably the device is made so that the fluid can flow around the device with
minimal disturbance to the flow of the fluid, for example it is in the form of a
cylinder. The shieldiﬁg units and detectors are then positioned linearly along this
cylinder in the sequence:- shielding unit, detector, shielding unit, detector, shielding
unit. Preferably the shielding units have a linear dimension such that the electrical
field between them and the conduit wall is approximately vertically uniform for at
least part of the length of the device, although the field strength will vary as the
inverse of the distance between the cylinder and the conduit. If the shielding unit is
too short then the electrical field will tend to radiate out in a non uniform way which

can affect the accuracy of the measurements.

When the device is in the form of a cylinder the shielding units can be in the form of
a sleeve extending at least partially, and preferably entirely circumferentially, around
the cylinder and the length of the sleeve is preferably at least equal to the distance
between the cylinder and the conduit and preferably is at least twice this distance i.e.
at least equal to the difference in the radii of the cylinder and the conduit and
preferably twice this difference. The maximum length of the cylinder is not critical
but for convenience and avoidance of expense a length of up to four times the

diameter of the cylinder is convenient.
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In one embodiment of the invention a variable electrical field is applied between the
walls of the conduit and the shielding units and the detector means measure, at the
detectors, variations in electrical properties of the fluid flowing down the tube using
conventional methods. The means for detecting the variations in field strength can

detect variations in the ratio of voltage to current, in capacitance, etc.

The applied electrical potential is not critical and a voltage of 0.5 to 10 volts is

convenient.

The variations in the ratio of voltage to current or other electrical properties at each
of the two detector units can be fed to a correlating means, where they are correlated
so that the time taken by discontinuities in the liquid to traverse the distance between
the detector units can be measured. This correlation can be carried out using known

conventional best fit or other analytical methods.

The conduit can be any shape although normally it will be of circular cross section

and preferably the device will be positioned substantially centrally in the conduit.

The gap between the device and the walls of the conduit is not critical, but it should
not be too large so that variations in the electrical fields are too small to detect and
the length of the shielding units can be increased to take into account of the distance
from the device to the conduit.

The invention is useful in measuring the flow rates of fluids or liquids such as oil or
petroleum in pipelines.

An embodiment of the invention is illustrated in the accompanying drawing in which
a metal pipeline (1) carrying fluid has the device (2) placed within it. The device (2)
consists of a cylinder (6) to which are circumferentially attached, detector units (3a)
and (3b) which are connected, via ammeters (4a) and (4b), to a source of variable
electric field (5) and metal shielding units (7a), (7b) and (7c) which substantially
longer than the width of the tube. The shielding units are attached to the source of

variable electric field (5) as shown. The detector units and shielding units are not in
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contact and are electrically insulated from each other than being connected to the

common power source (5) as shown.

In use, there is an electric field generated between the units (3a), (3b), (7a), (7b) and
(7c) and the walls of the pipeline as diagrammatically shown by the arrows. The
detector units (3a) and (3b) measure the variation in the electrical properties of the
fluid at the detectors of the liquid in the pipeline between them and the walls of the
pipeline. When discontinuities pass down the pipeline they cause a variation in the
electrical properties of the fluid in the pipeline, which is detected by the detector
units (3a) and (3b). The use of the shielding units (7a), (7b) and (7c) to generate the
field means that the field is more vertically uniform between the detector units (3a)
and (3b) and the walls of the pipeline than would otherwise be the case if there were
no shielding units.

By knowing the distance apart of the detector units (3a) and (3b), and by measuring
the time taken for discontinuities in the resistivity of the liquid to traverse this

distance a measure of the flow rate of the liquid is obtained.
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Claims

1. A device for measuring the flow rate of fluids in a conduit which device is adapted
to fit within the conduit and comprises two spaced apart detector means capable of
detecting and measuring an electric field, which detector means have positioned
between them and either side of them, but not in electrical contact with them,
shielding units made from an electrically conductive material, the shielding units
being in electrical contact with each other and the detector means being connected to
a measuring means able to measure variations in the electrical field between the
conduit wall and the device, there being means to apply an electrical field between
the device and the wall of the conduit.

2. A device as claimed in claim1 which is in the form of a cylinder and the shielding
units and detectors are positioned linearly along this tube in the sequence shielding
unit, detector, shielding unit, detector, shielding unit.

3. A device as claimed in claim 1 or 2 in which the shielding units have a linear
dimension such that the electrical field between them and the conduit wall is

approximately vertically uniform for at least part of the length of the device.

4. A device as claimed in claim 2 or 3 in which the shielding units are in the form of

a sleeve extending at least partially circumferentially around the cylinder.

5. A device as claimed in claim 4 in which length of the sleeve is at least equal to the

distance between the cylinder and the conduit.

6. A device as claimed in claim 4 in which length of the sleeve is at least equal to

twice the distance between the cylinder and the conduit.

7. A method for measuring the flow rate of a fluid in a conduit, which method
comprises placing within the flowing fluid a detector unit which comprises two
linearly spaced apart detectors which have a shielding unit made from an electrically
conductive material positioned between them, but not in electrical contact with them,

and which have a shielding unit made from an electrically conductive material
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upstream and downstream of the detectors and adjacent, but not in electrical contact
with them, which method comprises applying an electrical field between the device
and the wall of the conduit and measuring variations in the electrical field by means
of the detectors and, by correlating discontinuities in the electrical field, measuring
the flow rate of the fluid.

8. A method as claimed in claim 7 in which the device is in the form of a cylinder so

that the fluid can flow around the device with minimal disturbance to the flow of the
fluid.

9. A method as claimed in claim 8 in which the shielding units and detectors are
positioned linearly along the cylinder in the sequence shielding unit, detector,
shielding unit, detector, shielding unit.

10. A method as claimed in any one of claims 7 to 9 in which the electrical field
between the shielding units and the conduit wall is approximately vertically uniform
for at least part of the length of the device.

11. A method as claimed in any one of claims 7 to 10 in which a variable electrical
field is applied between the walls of the conduit and the shielding units and the
detector means detect variations in the electrical properties of the fluid flowing down
the tube.

12. A method as claimed in claim 11 in which the variations in the electrical

properties which are detected are variations in the ratio of voltage to current.

13. A method as claimed in claim 11 in which the variations in the electrical

properties which are detected are variations in the capacitance of the fluid.

14. A method as claimed in claim 12 or 13 in which the variations in the electrical
properties of the fluid at each of the two detector units are fed to a correlating means
where they are correlated so that the time taken by a discontinuity pattern to traverse

the distance between the detector units is measured.
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