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Apparatus and Method for Fluid Measurement

Embodiments of the invention relate to apparatus and methods for fluid measurement
within a pipeline. In particular, although not exclusively, embodiments of the present

invention relate to apparatus and methods for multiphase fluid measurement.

Background

Microwave fluid sensors are known which may be used to measure the properties of
fluids. In particular, microwave sensors have been used to measure the properties of
multiphase fluid flows, such as measurement of the quantities of the respective phases
of the fluid flow, for example the water content of oil or the properties of fluids
having a higher gas content known as wet gas flows. It is often particularly desired to

determine the water volume fraction (W VF) in a fluid flow, such as a wet gas flow.

It is an object of embodiments of the invention to at least mitigate one or more of the

problems of the prior art.

Brief Description of the Drawings

Embodiments of the invention will now be described by way of example only, with

reference to the accompanying figures, in which:

Figure 1 shows a perspective view of a sensor according to an embodiment of the

invention;

Figure 2 shows a side view of the sensor according to an embodiment of the

invention;

Figure 3 shows a horizontal cross section through the sensor;

Figure 4 shows electric fields in the operative sensor according to an embodiment of

the invention;
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Figure 5 shows a measurement circuit according to an embodiment of the invention;

Figure 6 shows plots of resonant frequency of an embodiment of the invention; and

Figure 7 is a plot of water volume fraction against frequency for an embodiment of

the invention

Detailed Description of Embodiments of the Invention

Embodiments of the present invention provide a sensor suitable for measuring a water
volume fraction (WVF) of a fluid in a pipe. In particular, embodiments of the
invention provide a sensor suitable for measuring a water volume fraction of a wet gas
within the pipe. The sensor utilises microwave frequency resonance to determine the

WVF within the pipe, as will be explained.

A sensor 100 according to an embodiment of the invention comprises a shield 110, a
resonator 120 and a ground plane 130, as shown particularly in Figures 1 to 3. The
sensor 100 is arranged to surround a portion of a pipe 150 within which a fluid flows

of which it is desired to measure fluid properties, such as WVF.

The shield 110 is a generally cylindrical shaped conductive member which extends in
a length-wise direction from the ground plane 130 with which it is electrically
connected. The upper end of the shield distal from the ground plane is open, although
other embodiments may be envisaged in which the shield comprises a closed end,

which may be advantageous in reducing field leakage.

The ground plane 130 is generally circularly shaped and forms an end of the shield
110. As shown in Figure 1 particularly, the ground plane 130 is shaped to correspond
to the cross-sectional shape of the shield 110, although it will be realised that the
ground plane 130 may adopt other shapes and thereby extend beyond the periphery of
the shield 110 in some embodiments. The shield 110 has a diameter approximately
equal to the length of the resonator 120. The shield 110 is formed from a planar sheet
material, such as a suitable sheet metal or a suitable metallic coated conducting film

or other substrate.
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The ground plane 130 includes a central cut-out portion which allows the pipe 150 to
pass there-through. The cut-out portion has, in the shown embodiment, a size and
shape corresponding to the pipe 150 such that the ground plane closely fits around the
pipe 150 which advantageously concentrates the electro-magnetic field within the
sensor 100 by preventing leakage and improves a Q factor of the sensor’s resonant
response. The cut-out portion or hole through the ground plane is of a smaller
diameter than the resonator 120. The pipe 150 is formed of a non-conductive

material.

The resonator 120 is generally cylindrically shaped and is configured around the pipe
150 within the shield 110. The resonator is electrically connected to and extends
upward from the ground plane 130 generally coaxial with the shield 110 and the pipe
150. The upper end of the resonator 120 is not closed i.e. the resonator comprises an

open upper end. The resonator 120 is formed from a planar sheet material.

The resonator 120 is arranged around a periphery of an inner volume of the shield 110
diametrically spaced apart from the pipe 150. In the shown embodiment, the
resonator 120 is configured to be spaced closer to the interior of the shield 110 than to
the pipe 150. The spacing of the resonator 120 apart from the pipe 150 causes electric
field lines generated by the resonator 120 to have an improved distribution within an
interior of the pipe 150 i.e. for the electric field to be more uniform within the pipe
150. The uniformity of the electric field within the pipe 150 allows more accurate
WVF measurement within the pipe 150 with reduced dependence on the location of
the liquid within the pipe 150 volume. Often in a wet gas the liquid present adheres to
the interior wall of a pipe through which the wet gas is transported. Thus it is
important that the sensor is sensitive to the presence of the liquid present on the
interior wall of the pipe 150. The resonator 120 is shorter, i.e. in length extending

from the ground plane 130, than the shield 110.

A pair of microwave feed points 141, 142 are provided which extend outward from
the shield in a base region of the sensor generally proximal to the ground plane 130.
The feed points 141, 142 are L-shaped, although other shaped feed points may be
envisaged. A portion of each of the feed points 141,142 intersecting the shield extend
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horizontally through and outward from the shield 110 facilitating electrical
connection. The feed points 141, 142 are insulated from the shield 110. A portion of
the feed points 141, 142 interior to the shield 110 extend downward to electrically
contact the ground plane 130 diametrically outward of the resonator 120. The feed

points are arranged at opposing sides of the sensor 110.

The resonator 120 comprises a pair of openings 121, 122 each associated with one of
the feed points 141, 142. The openings 121, 122 allow the electric and magnetic
field lines generated by the resonator 120 to more easily penetrate into the pipe 150
for detecting the WVF of the fluid within the pipe 150. In the embodiment of the
invention shown in the Figures, the openings 121, 122 are generally rectangular
shaped and extend upward from the ground plane 130 toward an upper region of the
resonator 120. In this sense, each opening 121, 122 represents a rectangular shaped
cut-out of the resonator from the base of the resonator 120 contacting the ground
plane 130. Whilst the sensor 100 is described as comprising two openings 121, 122
each associated with a respective feed point 141, 142, embodiments of the invention
are envisaged comprising other numbers and shapes of openings 121, 122. As shown
in Figures 1 and 2, the each of the openings 121, 122 is aligned with a respective one
of the feed points 141, 142. Thus the openings 121, 122 are also arranged at opposed
sides of the sensor 100. The alignment of the openings 121, 122 and feed points 141,

142 improves a purity of a resonant mode of the sensor 100.

An interior of the sensors 100 may be empty (filled with air) as shown in the Figures,
or may be filled, either completely or in a region of the sensor 100 between the
resonator 120 and the pipe 150, with a dielectric material. The dielectric material may
be the same material as the pipe 150. However, the use of other materials is

envisaged.

The height of the resonator is chosen to be an integer division of an expected resonant
frequency wavelength of the pipe 150 and fluid travelling there-through. In the
embodiment shown in the Figures, the resonator has a height of A/4 wherein A is the
expected resonant wavelength.  As an example, an expected resonant frequency of
688.8 MHz, as in the table below, has a wavelength of 0.435 meters and a one quarter

wavelength of approximately 100 mm, as discussed below.
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In a particular embodiment of the invention, the shield 110 has a height of 150mm
and an outer diameter of 120mm. The shield has a wall thickness of 20mm, providing
an inner diameter of 100mm. The resonator has a height of 100mm, an outer diameter
of 90mm and a wall thickness of 4mm. The openings 121, 122 in the resonator are
90mm in height, providing a 10mm strip of the resonator material above each opening
121, 122, and 20mm in width, wherein the feed points 141, 142 are centrally aligned
with each opening 121, 122. The feed points 141, 142 are arranged 15mm above the
ground plane 130. The pipe 150 around which the shown embodiment of sensor 100
is shown arranged has an outer diameter of 60mm and a wall thickness of 10mm. It
will be realised that these dimensions are merely exemplary and that other dimensions

may be used.

Figure 4 illustrates a simulated electric field present within the sensor shown in
Figures 1-3. As can be appreciated, the sensor 100 is most sensitive to an area of the
pipe 150 proximal to an upper region of the resonator. However, the region within
the interior volume of the pipe 150 within the sensor has a particularly flat or linear
response such that sensor does not over respond to any particular area within the pipe

150 surrounded by the sensor.

Figure 5 illustrates a sensor 100 and resonant frequency measurement circuit
according to an embodiment of the invention. The circuit comprises a MOSFET 510,
a mixer 520, a reference oscillator 530, an amplifier 540, a filter 550, a frequency

counter 560 and an output unit 570.

The MOSFET 510 forms an oscillator with the sensor 100. The MOSFET 510 acts as
an amplification device and it will be appreciated that other types of active device

may be used, such as a transistor(s).

A first input 511 to the mixer is provided from the sensor 100 which oscillates at a
resonant frequency f; determined, in part, by the WVF of fluid in the pipe 150. A
second input 512 to the mixer 520 is provided from the reference oscillator 530 which
has a predetermined frequency f,.  An output of the mixer is an intermediate

frequency f; given by the following equation:
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The output of the mixer is provided to the amplifier 540 and filter 550 before being
received by the frequency counter 560. The frequency counter 560 determines the
intermediate frequency f; which is provided to the output unit 570. The output unit
570 is, for example, a display device for outputting frequency information to the user
to determine the WVF of the fluid in the pipe. It will be noted that other measurement

circuits may be used with the sensor 100.

Embodiments of the invention are particularly useful for measuring a WVF of a fluid,

such as a wet gas within the pipe 150, of up to 20%.

Figure 6 illustrates a resonant frequency response of the embodiment of the present
invention shown in Figures 1-4 for different water volume fractions within the pipe
150. As can be appreciated, the resonant frequency response varies responsive to the
WVF within the pipe. Details of the WVF thickness, percentage WVF and resonant
frequency of the sensor depicted in Figure 7 are provided in Table 1 below. WVF
thickness is a thickness, or depth, of water adhered to an interior wall of the pipe 150,

as discussed above.

Thickness (mm) Percentage Frequency (MHz)
0 0.000% 688.8
0.1 0.798% 683.4
0.2 1.594% 681.1
0.3 2.386% 680.2
0.4 3.174% 678.8
0.5 3.960% 676
0.6 4.742% 675
0.7 5.522% 673.7
0.8 6.298% 671.8
0.9 7.070% 670.6
1 7.840% 669.4
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1.1 8.606% 667.3
1.2 9.370% 665.2
1.3 10.130% 663.1
1.4 10.886% 660.8
1.5 11.640% 658.7
1.6 12.390% 656.5
1.7 13.138% 654.2
1.8 13.882% 652.4
1.9 14.622% 649.6
2 15.360% 645.2
2.1 16.094% 642.2
2.2 16.826% 639.4
2.3 17.554% 635.5
2.4 18.278% 631.3
25 19.000% 627.5
2.6 19.718% 624.4
2.7 20.434% 621
2.8 21.146% 617.1
2.9 21.854% 613
Table 1

Figure 7 shows a plot of resonant frequency against WVF fraction and demonstrates a

linearity of resonant frequency response of embodiments of the present invention.

It will be appreciated that embodiments of the present invention provide a microwave
resonant sensor suitable for determining a water volume fraction of a fluid flowing
through a pipeline, such as a wet gas. The design of embodiments of the present
invention provides a sensor which is sensitive to water adhered to an interior wall of
the pipeline, as expected with a wet gas being transported through the pipeline.
Furthermore, the design provides an improved purity and Q factor of a resonant
response of the sensor such that the resonant frequency is easier to measure and

consequently the WVF is more easily and accurately determined.

All of the features disclosed in this specification (including any accompanying claims,

abstract and drawings), and/or all of the steps of any method or process so disclosed,
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may be combined in any combination, except combinations where at least some of

such features and/or steps are mutually exclusive.

Each feature disclosed in this specification (including any accompanying claims,
abstract and drawings), may be replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated otherwise. Thus, unless
expressly stated otherwise, each feature disclosed is one example only of a generic

series of equivalent or similar features.

The invention is not restricted to the details of any foregoing embodiments. The
invention extends to any novel one, or any novel combination, of the features
disclosed in this specification (including any accompanying claims, abstract and
drawings), or to any novel one, or any novel combination, of the steps of any method
or process so disclosed. The claims should not be construed to cover merely the
foregoing embodiments, but also any embodiments which fall within the scope of the

claims.
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CLAIMS

1. A sensor for measuring water content in a pipeline, comprising:

a resonator (120) for surrounding a pipeline carrying a fluid, wherein the

resonator (120) is generally cylindrically shaped for forming a wall around the

pipeline;

a shield (110) arranged to surround the resonator (120); and

a ground plane (130) connecting the resonator (120) and the shield (110).

The sensor of claim 1, wherein the resonator (120) comprises one or more

openings.

The sensor of claim 2, wherein the one or more openings are provided through

the wall of the resonator (120).

The sensor of claim 2 or 3, comprising a pair of openings arranged at opposing

sides of the resonator (120).

The sensor of any preceding claim, comprising a pair of microwave feed
points arranged at opposing sides of the sensor and electrically connected to

the ground plane (130).

The sensor of claim 5 when dependent on claim 4, wherein each feed point is

generally aligned with a respective opening.

The sensor of claim 4 or 5, wherein each feed point is arranged through the

shield (110).

The sensor of claim 7, wherein each feed point is electrically insulated from

the shield (110).
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10.

11.

12.

13.

14.

15.

16.

The sensor of claim 7 or §, wherein each feed point is connected to the ground

plane (130) via an L-shaped connection.

The sensor of any preceding claim, wherein the resonator (120) and the shield

(110) are substantially coaxial.

The sensor of any preceding claim, wherein the ground plane (130) comprises
a cut-out for allowing the pipe to pass there-through, wherein the cut-out has a

size and shape generally corresponding to a cross-section of the pipe.

The sensor of claim 11, wherein the resonator (120) is arranged generally

closer to the shield (110) than a periphery of the cut-out.

The sensor of any preceding claim, wherein the shield (110) has a length

greater than a length of the resonator (120).

The sensor of any of claim 2, 3 or 4 or any claim dependent thereon, wherein

each opening is a slot extending from the ground plane (130).

The sensor of claim 14 wherein each slot is a rectangular shaped cut-out of the
resonator (120) extending from the base of the resonator (120) contacting the

ground plane (130).

The sensor of any preceding claim, wherein the resonator (120) has a length of

approximately one quarter of a resonant wavelength of the sensor.

10
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