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Description

[0001] The presentinvention relates to a flow control
system, and in particular to a system for controlling the
flow of a mixed phase fluid through a vessel. The term
"mixed phase fluid" is used to cover fluids made up of
for example suspended particulates, liquid, emulsions
and gas derived from different constituents, for example
oil and water, or liquid and gas derived from the same
constituent.

[0002] OQil field production systems generally com-
prise separator plant in which raw fluid pumped from an
oil bearing formation is separated into its constituent
parts, that is volatile gases, liquid petroleum products,
water and particulates. The nature of the input fluid to
the separator plant can vary widely over relatively short
periods of time. For example a large proportion of the
flow may be made up of water for a first period of time
and oil and gas for a second period of time. It is difficult
with a separator of fixed configuration to satisfactorily
process different flows when flow conditions change in
an unpredictable manner.

[0003] In a conventional separator, an inlet flow is
generally passed through a stack of inclined plates with-
in a relatively large vessel, the inclined plate encourag-
ing the separation of water, oil and gas into separate
superimposed layers. Gas can then be extracted from
an upper section of the separator vessel and the water
and oil can be separated by a simple weir separator
plate the height of which is arranged to be above the
interface between the water and oil layers. If the input
flow is such that the separator plates become largely
filled with a foam or emulsion of for example oil and wa-
ter, the separation performance is significantly degrad-
ed. Similarly, if a large volume of water is delivered to
the separator in a relatively short period of time, it can
be difficult to maintain the water/oil interface below the
level of the weir separator.

[0004] With such problems in mind, the normal ap-
proach to separator design has been to provide a rela-
tively large capacity separator which is capable of deal-
ing with a wide range of conditions by in effect accepting
wide fluctuations in separator plate efficiency and water/
oil interface levels. As a result of this design philosophy,
separator plant can make up a significant proportion of
the size and weight of oil field equipment. This is a par-
ticular problem in the case of offshore oil fields where
the size and weight of offshore equipment determines
the economic viability of some oil bearing formations.
[0005] Attempts have been made to monitor separa-
tor performance in particular circumstances so as to be
able to match separator design to expected separator
operating conditions. The equipment used has general-
ly required the mounting of heavy gamma ray sensors
on separator equipment. The use of such equipment for
monitoring routine operating conditions is not appropri-
ate.

[0006] Extensive work has been conducted to enable
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flow conditions within for example circular-section pipes
to be monitored. For example, US patent number
5130661 describes a capacitance sensor system in
which an array of capacitor plates is disposed around
the outer periphery of a pipe through which a mixture of
oil, water and gas is passing. By appropriate manipula-
tion of output signals derived from the sensors, animage
can be built up of the flow cross-section. Such sensing
systems have been used for example to estimate mass
flow rates of different phases. Document DE 2211997
shows that the output of a capacitive phase measure-
ment sensor for mixed fluids is used to achieve real-time
process control.

[0007] Itis an object of the present invention to obvi-
ate or mitigate the problems outlined above.

[0008] According to the present invention, there is
provided a sensor array for detecting the distribution of
fluids having different electrical characteristics, com-
prising a multilayer structure including a first layer which
defines an array of spaced apart sensor electrodes, a
second layer separated from the first layer by dielectric
material and defining a conductive screen, and a third
layer separated from the second layer by dielectric ma-
terial and defining a series of spaced apart elongate
connections, each sensor being connected to a respec-
tive connection by a respective conductive path extend-
ing through an opening in the conductive screen defined
by the second layer.

[0009] The sensor array may comprise a fourth layer
separated from the third layer by a dielectric material.
The fourth layer may define a conductive screen such
that the third layer is sandwiched between the conduc-
tive screens defined by the second and fourth layers.
[0010] The sensor array may comprise a fifth layer
separated from the third layer by dielectric material and
defining a conducting screen, and a sixth layer separat-
ed from the fourth and fifth layers by dielectic material
and defining a further series of spaced apart elongate
connections. Selected sensors may be connected to re-
spective further connections by respective conductive
paths extending through openings in the conductive
screens defined by the second and fifth layers.

[0011] The layers may be supported on dielectric
boards which define the dielectric material separating
adjacent layers. The or each layer defining elongate
connections may incorporate a conductive screen ex-
tending between each adjacent pair of elongate connec-
tions.

[0012] The first layer may incorporate a conductive
screen spaced apart from the sensor electrodes and de-
fining a series of openings. Each sensor electrode may
be located within a respective opening. The conductive
paths may be defined by through-hole plating structures
formed through apertures in the dielectric material. The
first layer which defines the array of sensor electrodes
may be covered by dielectric material.

[0013] Embodiments of the present invention will now
be described, by way of example, with reference to the
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accompanying drawings, in which;

Figure 1 is a schematic representation of a sensor
array capable of monitoring the separation of an oil-
water mixture;

Figure 2 is a schematic representation of a vertical
array of capacitance and pressure sensors which
can be used to monitor the position of an interface
between components of an oil-water mixture;

Figure 3 is a schematic illustration of a separator
vessel incorporating inclined plate and weir plate
separators;

Figures 4, 5 and 6 each show vertical axial sections
and vertical transverse sections through three alter-
native flow sensing assemblies.

Figure 7 schematically illustrates the distribution of
capacitance sensor components in two adjacent
plates of an inclined plate separator such as that
incorporated in the structure illustrated in Figure 3;

Figure 8 illustrates in further detail the disposition
of the sensor arrangement shown in Figure 7;

Figure 9illustrates the structure of Figure 8 in great-
er detail;

Figure 10 represents the disposition of two vertical
arrays of sensors in the weir plate separator of Fig-
ure 3;

Figure 11 illustrates a vertically extending structure
of a type incorporated in the arrangement of Figure
3; and

Figure 12 illustrates control arrangement for a T-
junction separator stage which may be incorporated
upstream of the separator assembly of Figure 3.

Figure 13 illustrates a specific configuration of a ver-
tical array of sensors of the type which is shown
schematically in Figure 2;

Figure 14 illustrates an alternative configuration of
a vertical array of sensors of the type which is
shown schematically in Figure 2;

Figure 15 is a cross-sectional view of an alternative
configuration of a vertical array of sensors of the
type which is shown schematically in Figure 2;

Figure 16 illustrates a series of layers which togeth-
er comprise a vertical array of sensors of the type
which is shown schematically in Figure 2;
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Figure 17 illustrates schematically a cross-section
of a series of layers which together comprise a ver-
tical array of sensors of the type which is shown
schematically in Figure 2;

Figure 17aillustrates schematically a more detailed
cross-section of the layers shown in Figure 17;

Figure 18 is a schematic view of a cross-section
through a source and a detector located in hemi-
spherical casing;

Figure 19 is a representation of a source and a de-
tector showing the electric field present when a volt-
age is applied to the source;

Figure 20 is a schematic view of a cross-section
through the separator vessel of Figure 3, showing
an array of capacitance sensors, and oil and water
held in the vessel in separated layers.

Figure 21 illustrates a section of the array of capac-
itance sensors shown in Figure 20.

Figure 22 is a graph representing a number of ca-
pacitance profiles obtained using array comprising
a series of electrodes whilst an interface between
two media was traversed across the separator ves-
sel of Figure 20.

Figure 23 is a graph representing data from Figure
21 which data has been mathematically trans-
formed.

Figure 24 is a graph representing a computer sim-
ulation corresponding to the data shown in Figure
23.

[0014] Referring to Figure 1, the illustrated system
comprises a rectangular section pipe 1 within a upper
section of which is embedded a source electrode 2. Four
detection electrodes 3 are embedded in axially spaced
lower portions of the pipe 1. Signals detected at the elec-
trodes 3 are delivered to a capacitance meter 4 the out-
put of which is applied to a data acquisition system 5.
The output of the data acquisition system 5 is applied to
a computer 6 which produces an estimate of the position
of an interface 7 between oil and water components of
the flow (represented by arrow 8) within the pipe 1.
[0015] It will be appreciated that the position of the
interfaces 7 within the pipe will vary over time and the
resulting changes in the dielectric coefficient of the re-
gion between each electrode 3 and the source electrode
2 will vary. Such variations enable an estimate to be
made of the relative volumes of the different phases
passing through the pipe 1.

[0016] Figure 2 is schematic illustration of a sensor
array which can be used to monitor the location of an
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interface between different phases in a relatively large
vessel across which the illustrated array extends. The
illustrated arrangement comprises a support 9 on which
thermocouples 10 are positioned to enable temperature
compensation of sensor outputs to be achieved. Mount-
ed on the support 9 is a sub-assembly 11 supporting a
vertically spaced array of piezoelectric pressure trans-
ducers 12 and a vertically spaced array of embedded
capacitance sensors 13. If the array is immersed in a
vessel containing two vertically separated layers of for
example oil and water, outputs from the sensors enable
an estimate to be made of the vertical position of the
interface between the different layers.

[0017] Referring now to Figure 3, this schematically
represents a separator for use in the separation of water,
oil and gas components from an oil well production flow.
The separator comprises a containment vessel 14 hav-
ing an inlet 15, a gas outlet 16, a produced water outlet
17, and an oil outlet 18. Pipe sensors for example of the
type illustrated in Figure 1 are represented as compo-
nent 19 on the inlet 15 and components 20, 21 and 22
on the outlets 16, 17 and 18. A further outlet 23 is pro-
vided for the discharge of accumulated solids, and inlets
24 are provided to enable the agitation of deposited sol-
ids. Solids will generally be discharged periodically and
therefore the dynamic control of the output 23 and input
24 is not required. This feature of the operation of the
separator will not therefore be further described herein.
[0018] The separator vessel 14 houses an inclined
plate separator 25, a vertically extending weir plate sep-
arator 26, an oil/gas separator 27 and three sensor ar-
rays 28, 29 and 30. With the exception of the instrumen-
tation supported on the units, the separators 25, 26 and
27 are conventional. The sensor arrays 28, 29 and 30
are of the general type described with reference to Fig-
ure 2. The separator plates 25 support three vertical ar-
rays 31 of capacitance sensors. The weir plate separa-
tor 26 supports two vertical arrays of capacitance sen-
sors 32, and angled plates in the separator 27 each sup-
port a capacitance sensor. The various sensing assem-
blies are connected by signal processing units 33, 34,
35 and 36 to a controller 38 which in turn is arranged to
control valves 39, 40, 41 and 42 provided on the inlet
and gas, oil and water outlets respectively. The valve 42
can also be controlled directly by the signal processing
unit 35 such that if the oil/water interface on the up-
stream side of the weir plate 26 rises above a predeter-
mined level the valve 42 is open to discharge water. Sim-
ilarly, the valve 41 can be directly controlled by a level
gauge 43 which discharges oil through valve 41 auto-
matically if the oil/gas interface exceeds an upper sens-
ing level 44 and closes the valve 41 automatically if the
oil/gas interface falls below a sensing level 45.

[0019] The sensorarrays 31 within the plate separator
25 enable the interface between any flow of emulsion
separating water and oil to be accurately located. The
sensor arrays 28, 29, 30 and 32 make it possible to mon-
itor the efficiency of the separation process in the direc-
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tion of flow through the separator. This information is
delivered to the controller 38 which then ensures the ap-
propriate control of the inlet and outlet valves to maintain
appropriate flow and pressure conditions to prevent un-
desirable circumstances developing, for example a cir-
cumstance such that significant volumes of emulsion
are present in the separator downstream of the inclined
plate separator 25.

[0020] Figure 4 shows the detailed structure of one
possible pipe sensor which differs slightly from that of
Figure 1. In the arrangement of Figure 4, five rings each
of eight plates 46 are disposed around the axis of a short
flanged pipe insert. Appropriate signals may be applied
to the plates 46 so as to derive the necessary capaci-
tance measurements. In the arrangement of Figure 5,
which is similar to that shown in Figure 1, a single lower
plate 47 is located opposite five upper plates 48. In the
embodiment of Figure 6, a rectangular section channel
is defined having single plates 49 in upper and lower
walls.

[0021] Figure 7 illustrates the sensor structure in two
adjacent plates 50 of the inclined plate separator 25 of
Figure 3. One plate carries a continuous excitation
source conductor 51 which faces an array of sensor
electrodes 52. Figure 8 is a front view of the plate 50
carrying the electrodes 52. Electrodes 52 are surround-
ed by a guard electrode to obtain a uniform electrical
field in front of the detecting electrodes 52, between
source (not shown in Figure 8) and detecting electrodes
52. Assuming a flow of oil, oil-water emulsion and water
in the direction of arrow 53, the interface between the
emulsion and oil may be located as indicated by broken
line 54 and the interface between the emulsion and wa-
ter may be located as indicated by broken line 55. It will
be appreciated that signals derived from sensors locat-
ed adjacent the body of emulsion will be substantially
different from signals derived from electrodes adjacent
either the oil or water phases.

[0022] The controller 38 of Figure 3 is set up to mon-
itor changes in the location of the interfaces 54 and 55
as shown in Figure 8 so as to prevent a substantial pro-
portion of space between the inclined separator plates
becoming filled with emulsion.

[0023] Figure 9 shows one structural assembly which
can be used to achieve sensing electrode arrays of the
type described with reference to Figure 7 and 8. Each
of the plates comprises an electromagnetic shield 56
and each of the spaced detection electrodes 52 is sur-
rounded by a guard electrode 57. The electrodes may
be in the form of conductive areas supported by a print-
ed circuit board and housed within an epoxy resin insert
secured to the plates 50 by screws 58. The plates could
be formed from GRP.

[0024] Figure 10 shows two vertical arrays of sensing
electrodes 32 which are provided in the weir plate 26 of
Figure 3. Each array may be independently monitored
so as to provide comparative outputs between any ver-
tically aligned pair and any vertically adjacent pair,
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thereby enabling the detection of any operational fault
which might compromise the response of the system to
the oil/water interface approaching either the top of the
weir or the outlet 17.

[0025] Figure 11 illustrates in greater detail the struc-
ture of a sensor array of the type illustrated generally in
Figure 2 and used to define the sensor arrays 28, 29
and 30 in Figure 3. The illustrated assembly comprises
an elongate support 59 incorporating a vertical array of
pressure ports 60 each coupled to a piezoelectric pres-
sure sensor (not shown). The support 59 also supports
an array of detection electrodes 61 surrounded by guard
electrode 62. A source electrode 63 is also mounted on
the support 59 spaced from the detection electrodes 61
such that the space between the electrodes is filled by
the fluid within the separator. One possible location for
an oil-emulsion interface is indicated by plane 64, and
one possible location for an emulsion-water interface is
indicated by plane 65. It will be appreciated that moni-
toring the outputs of the pressure and capacitance sens-
ing transducers will enable the location of the interfaces
64 and 65 to be accurately determined and thereby en-
able the appropriate control of the overall process to en-
sure that the interfaces 64 and 65 are maintained within
acceptable limits.

[0026] Referring now to Figure 12, this shows a T-
junction initial separator which may be connected to the
separator illustrated in Figure 3 upstream of the inlet 15.
An inlet 66 is coupled through a valve 67 to a T-junction
68 that is coupled by a valve 69 to an outlet 70 and is
coupled directly to an outlet 71. Flow sensors 72, 73 and
74 for example of the type describe with reference to
Figure 4 are located on the inlet to and the outlets from
the T-junction 68. Outputs from those sensors are proc-
essed in a signal processing unit 75 which controls the
valves 67 and 69.

[0027] Itis known that supplying an oil/water mix to a
T-junction as described in which the two outlets are di-
rected in vertically opposite directions results in some
separation of the two components, water tending to flow
vertically downwards and oil tending to flow vertically
upwards. The present invention enables this known ef-
fect to be optimised by controlling the flow to and back
pressure within the T-junction 68 by appropriate modu-
lation of the control applied to the valve 67 and 69.
[0028] This document does not contain detailed for-
mula linking inputs to the signal processing units and
consequential valve control outputs. Detailed control al-
gorithm will be required which will differ between differ-
ent applications. To further explain the underlying de-
sign philosophy however, relevant conditions which
might apply in a three phase separator such as that il-
lustrated in Figure 3 are discussed below.

[0029] The inlet flow sensor 19 provides information
on the relative quantities of the various phases flowing
at any one time into the separator. Control actions might
be applicable if for example large slugs of water enter
the vessel.
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[0030] The vertically extending sensor arrays 28, 29
and 30 are distributed along the direction of flow through
the separator, one (28) being between the inlet and the
plate separator and enabling the efficiency of the flow
distribution system to be monitored. If the flow distribu-
tion system becomes partially blocked by solids then the
mass flux across the separator vessel would change
and this could adversely affect the separation process
in the rest of the unit. It would be possible to detect the
development of such conditions from the upstream ar-
ray 28. The two downstream arrays 29 and 30 make it
possible to monitor the position and depth of any heter-
ogeneous layers such as emulsions between oil and wa-
ter, and foam between gas and oil phases. These het-
erogeneous layers are sometimes transitory and build
up locally in the vessel, particularly towards the weir
plate 26. If an array of sensors is embedded in the weir
plate itself as shown by electrodes 32 in Figure 3, this
gives additional information as to the position of various
phase boundaries at the downstream end of the sepa-
ration system. The outputs from the two vertical arrays
29 and 30 and the weir plate 26 enable optimised control
of the water outlet valve 42. Signals from the weir plate
sensor electrodes 32 would be particularly useful to pro-
duce alarm signals should the heterogeneous liquid-lig-
uid or indeed the produced water layer itself rise to be
near the top of the weir plate. If this condition developed
then entrainment of water in the separated oil would in-
crease rapidly. The instrumentation downstream of the
plate separator 25 would enable such conditions to be
avoided.

[0031] Within the separator plate assembly 25, the
three vertically aligned arrays of electrodes 31 make it
possible to obtain an indication of the mass flux distri-
bution entering the plate system. It would also indicate
if solids began to build up in the vessel upstream of the
plate assembly and within the plate assembly itself. It
will be appreciated that if solids start to build up between
the separator plates separation efficiency will be rapidly
degraded. The present invention provides real time
measurements initiative of solids accumulation in the
system.

[0032] With in the inclined plates separator, the axial
separation of the three arrays of sensor electrodes 31
makes it possible to monitor the separation process in
the axial direction. Two conditions which could develop
and which would give rise to a loss of separation effi-
ciency are choking, that is local build-up of one of the
phases, and instability, that is instability of the interface
between water and oil in the individual channels defined
between adjacent plates. Both conditions give rise to
rapid entrainment of the discontinuous phase and a fall
in overall separation performance. These conditions
can be monitored with the sensor electrode arrays as
shown. By analysing the output of all the various sensor
arrays, a control strategy can be developed to maintain
operation within a pre-defined desirable envelope.
[0033] The incorporation of sensors in the otherwise
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conventional separator 27 which is provided on the gas
outlet to eliminate mist, enables any build-up in liquid
within the separator to be detected. If liquid builds up
then the probability of mist entrainment in the gas outlet
increases. Entrainment of liquid in the gas leaving the
vessel can produce serious processing and safety con-
ditions in downstream processes.

[0034] Although the controller 38 as described with
reference to Figure 3 is only used to control inlet and
outlet valves, it will be appreciated that the controller
may also be used to control the injection of chemicals
to enhance phase separation, for example, by inhibiting
the formation of emulsions and foams.

[0035] The sensor arrangement shown in Figure 2,
and as 28,29 and 30 in Figure 3, can be replaced by an
alternative arrangement shown in Figure 13. A series of
sensors in this case are electrodes 76 for measuring ca-
pacitance. Contrary to the conventional arrangement of
sources spaced apart from parallel detectors, which al-
low fluid to flow between them, the electrodes 76 are
arranged on a single surface 77. This avoids the possi-
bility of solid matter becoming trapped between the elec-
trodes 76 . Each electrode 76 can be used as either a
source (of an electric field) or a detector (of the electric
field) by appropriate switching circuitry, and capacitance
is measured between pairs of electrodes (probably ad-
jacent electrodes, but not necessarily).

[0036] An alternative configuration of sensor array is
shown in Figure 14. The electrodes of this array com-
prise a series of rings 78 disposed at regular intervals
along a rod 79. One possible mode of operation of the
array is illustrated schematically, wherein each of the
rings 78 labelled 's' acts as a source, and the ring 78
labelled 'det' acts as a detector.

[0037] Figure 15 illustrates a further alternative con-
figuration of sensor array. A 'V' shape is cut into a rod
80, and a source 81 is positioned in one face and a se-
ries of detectors 82 is spaced along the other face of the
'V'. This sensor array is conventional in that it comprises
a single source 81 which is not capable of acting as a
detector, and a series of detectors 82 spaced away from
the source 81, which detectors are not capable of acting
as a source. This array configuration is advantageous
over known conventional configurations in that solid ma-
terial is unlikely to become trapped between the faces
of the 'V'. A typical angle subtended by the faces of the
'V'is 120 degrees. Screens 83 are located behind the
sources 81 and the detectors 82.

[0038] An array of electrodes which has minimal un-
desired "cross-talk" effect between electrodes and con-
nections to electrodes is illustrated in Figure 16. The ar-
ray comprises six layers of printed circuit board (PCB)
84-89 which are bonded on top of one another as shown
in Figure 17. The dark (solid) regions in Figure 16 cor-
respond to conducting material.

[0039] A first of the layers 84 of the array comprises
a series of electrodes 90 surrounded by a guard elec-
trode 91. A second layer 85 comprises a shielding con-

10

15

20

25

30

35

40

45

50

55

ductor 92, with electrical connections 93 leading to sig-
nal carrying connections in further layers of the array.
[0040] A third layer 86 contains signal carrying con-
nections 94 and a shielding conductor (94b) which pre-
vents "cross-talk" between connections 94 in the third
layer 86. In the present example, layer 86 allows con-
nections from 10 electrodes 90 of layer 84, via electrical
connections 93 in the second layer 85 to "soldering
points" 95 at an upper end of the third layer 86.

[0041] Afourthlayer 87 is essentially the same as lay-
er 85. It shields the third layer 86 from a fifth layer 88
but provides electrical connections between electrodes
90 and signal carrying connections 94 in the fifth layer
88.

[0042] The fifth layer 88 is conceptually similar to the
third layer 86 and provides connections from eight re-
maining electrodes 90 to the "soldering points" 95 at an
upper end of the layer 88. The signal carrying connec-
tions 94 are shielded from one another by conductor
94b. The sixth layer 89 serves as a shield between layer
88 and an external environment.

[0043] In general, for capacitance measuring elec-
trodes, when the surface area of a connection to a given
electrode becomes comparable to the surface area of
that electrode, the measured capacitance will be influ-
enced by the connection. When a conventional 'dipstick’
arrangement of electrodes is immersed in a medium of
given permittivity, each electrode should measure the
same capacitance. However, the effect of the surface
areas of the electrode connections is such that those
electrodes near a lower end of the dipstick will measure
a greater capacitance than those near an upper end of
the dipstick. The array of electrodes illustrated in Fig-
ures 16 and 17 avoids this problem by shielding the elec-
trodes 90 from the signal carrying connections 94, and
the signal carrying connections 94 from one another. Ef-
ficient shielding is provided by the conducting plates 92
of the second 85 and fourth 87 layers of the array, which
prohibit cross-talk between the layers 84, 86 and 88.
[0044] To obtain adesired performance of the sensors
it is necessary to "hardwire" the following components:

(i) guard electrode 91, (ii) shielding conductor 92 in
the second layer 85, (iii) shielding conductor 94b in
the third layer 86, (iv) shielding conductor 92 in the
fourth layer 87, (v) shielding conductor 94b in the
fifth layer 88, (vi) shielding conductor comprising
the sixth layer 89, in as many places as possible. In
the discussed example this has been achieved by
the process of "through-hole plating", while the sen-
sors were manufactured using printed circuit board
(PCB) technology. The connections are omitted in
Figure 16.

[0045] Connections between electrodes 90, connec-
tions 93 in layers 85 and 87, and signal carrying con-
nections 94 in layers 86 and 88 were similarly made us-
ing "through-hole plating" technique.
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[0046] The technique of shielding between individual
layers in the "sandwich" described with reference to Fig-
ure 16, a well as between individual signal carrying con-
nections in layers 86 and 88 of Figure 16 is advanta-
geous because it allows both:

e avoidance of cross-talk between signals from indi-
vidual electrodes; as well as

e the use of each electrode as a source or detector
as described with reference to Figure 13. If the con-
nections to the electrodes were not shielded then
"cross-talk" between the sources and the detectors
would be imposed on the measured signal, reduc-
ing the accuracy of measurement significantly.

[0047] The array of Figure 16 is just one example of
many possible ways of shielding the signal carrying con-
nectors. A section through a generalised array of elec-
trodes is shown in Figure 17. An uppermost surface and
a lowermost surface of the array are formed from lami-
nate 97. A series of electrodes 98 are connected,
through a series of shields 99 to a series of connectors
100. The number of electrodes, shields and connectors
may be tailored to any required purpose.

[0048] A generalised array of the type shown in Figure
17 is shown in more detail in Figure 17a. The cross-sec-
tion of Figure 17ais across a width of an array. Laminate
97 again forms the upper and lower surfaces of the ar-
ray. A detection electrode 98 is provided with a guard
electrode 98a at either side. A series of shielding layers
99 separate the detection electrode from a series of sig-
nal carrying connections 100. Each signal carrying con-
nection 100 is isolated from its neighbours by separation
conductors 100a.

[0049] Figure 18 shows a source 101 and a detector
102 located on parallel faces of two parts 103 of a cir-
cular rod (middle section removed). A shield 104 is lo-
cated behind both the source 101 and the detector 102.
The arrangement of detector/shield in the bottom half of
Figure 18 will be probably the generalised array from
Figure 16 and 17. The supports 103 illustrated are cas-
ings which may be constructed from metal or from die-
lectric material. When dielectric material is used, an
electric field obtained from the source 101 is closer to
being a uniform field than that obtained when a metal
support 103 is used.

[0050] Figures 19aand 19billustrate a source and de-
tector, of the formiillustrated in Figure 18, held in a metal
casing. When the source and detector are located in air
(Figure 19a), the electric field obtained is close to par-
allel, but when they are immersed in water (Figure 19b)
the field degenerates significantly. Thus, as the permit-
tivity of the media surrounding the detector and source
is increased, the quality of electric field obtained is de-
graded. In contrast, when the source and detector are
held in a dielectric casing (Figures 19c and 19d), the
electric field obtained is close to parallel both in air (Fig-
ure 19c) or in water (Figure 19d). Thus, the dielectric
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casing is advantageous because it provides an electric
field which is close to parallel when the detector and
source are located in media of a range of permittivities.
[0051] Figure 20 shows a cross-section of the sepa-
rator vessel of Figure 3, containing water, oil and air in
three layers. Aninclined plate separator 105 is provided
with an array 106 of capacitance sensors. A section of
the array 105 is illustrated in more detail in Figure 21.
An upper electrode of the array is a source 107, and the
lower electrodes are a series of four detectors 108.
[0052] The array may be calibrated to allow detection
of the position of the oil/water interface to an accuracy
better than the height of one electrode 108. The calibra-
tion procedure comprises:

* displacement of the interface, in a vertical direction,
in small steps (at least a few steps per electrode
height) along the entire length of the array 105;

* storing the differences in readings from all adjacent

Ci-Cre1s Cis1-Cray ---)

[0053] The above differences are zero (assuming that
the electrodes are identical and far from "fringe" effects
which occur close to ends of the array) if the pairs of
adjacent electrodes 108 are immersed in the same me-
dium (oil or water). However, when the two adjacent
electrodes 108 are in different media, the difference be-
tween their readings reaches a maximum. All "interme-
diate" interface positions produce "intermediate" values
C,-Cy+1, and these are used to identify the position of
the interface with a high resolution.

[0054] Figure 22 shows a number of capacitance pro-
files obtained for an array comprising a series of eight-
een electrodes, while an interface level was traversed
across the vessel.

[0055] Figure 23 shows data from Figure 22, read
from two electrodes of the array. The data has been
"transformed" into co-ordinates (C4,-Cg) versus oil layer
thickness (or an arbitrary position of the interface). This
"spike-like" function is unique for a given media permit-
tivity. By looking at differences between neighbouring
electrodes the position of the interface can be estab-
lished to an accuracy greater than the height of one elec-
trode.

[0056] Figure 24 shows a computer simulation where
permittivity of distilled water (¢, =80) was replaced by
different values (50, 20 and 5.6). The character of the
calibration curve remains unchanged but the maximum
varies. This implies the need for separate calibrations
for all combinations of media for which the sensor array
is to be used.

Claims

1. Asensor array for detecting the distribution of fluids
having different electrical characteristics, charac-
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terised by comprising a multilayer structure includ-
ing a first layer (84) which defines an array of
spaced apart sensor electrodes (90), a second lay-
er (85) separated from the first layer by dielectric
material and defining a conductive screen (92), and
a third layer (86) separated from the second layer
(85) by dielectric material and defining a series of
spaced apart elongate connections (94), each sen-
sor (90) being connected to a respective connection
(94) by a respective conductive path extending
through an opening (93) in the conductive screen
defined by the second layer (85).

A sensor array according to claim 1, comprising a
fourth layer (87) separated from the third layer (86)
by dielectric material and defining a conductive
screen such that the third layer (86) is sandwiched
between the conductive screens defined by the sec-
ond and fourth layers (85, 87).

A sensor array according to claim 2, comprising a
fifth layer (89) separated from the third layer (86) by
dielectric material and defining a conductive
screen, and a sixth layer (88) separated from the
fourth and fifth layers (87, 89) by dielectric material
and defining a further series of spaced apart elon-
gate connections (94), selected sensors (90) being
connected to respective further connections (94) by
respective conductive paths (96) extending through
openings in the conductive screens defined by the
second and fifth layers (85, 89).

A sensor array according to any preceding claim,
wherein the layers (84, 85, 86, 87, 88, 89) are sup-
ported on dielectric boards which define the dielec-
tric material separating adjacent layers.

A sensor array according to any preceding claim,
wherein the or each layer (86, 88) defining elongate
connections incorporates a conductive screen
(94b) extending between each adjacent pair of
elongate connections (94).

A sensor array according to any preceding claim,
wherein the first layer (84) incorporates a conduc-
tive screen spaced from the sensor electrodes (90)
and defining a series of openings, each sensor elec-
trode being located within a respective opening.

A sensor array according to any preceding claim,
wherein the conductive paths are defined by
through-hole plating structures formed through ap-
ertures (93) in the dielectric material.

A sensor array according to any preceding claim,
wherein the first layer (84) which defines the array
of sensor electrodes is covered by dielectric mate-
rial.
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Patentanspriiche

1.

Sensorfeld zum Erfassen der Verteilung von Fluids,
die unterschiedliche elektrische Charakteristiken
aufweisen, dadurch gekennzeichnet, dass es
umfasst einen Mehrschicht-Aufbau mit einer ersten
Schicht (84), die ein Feld von voneinander beab-
standeten Sensorelektroden (90) definiert, einer
zweiten Schicht (85), die von der ersten Schicht
durch ein dielektrisches Material getrenntist und ei-
nen leitenden Schirm (92) definiert, und einer drit-
ten Schicht (86), die von der zweiten Schicht (85)
durch ein dielektrisches Material getrennt ist und ei-
ne Reihe von voneinander beabstandeten langli-
chen Verbindungen (94) definiert, wobei jeder Sen-
sor (90) mit einer jeweiligen Verbindung (94) Gber
einen jeweiligen leitenden Pfad, der sich durch eine
Offnung (93) in dem durch die zweite Schicht (85)
definierten leitenden Schirm erstreckt, verbunden
ist.

Sensorfeld nach Anspruch 1, umfassend eine vierte
Schicht (87), die von der dritten Schicht (86) durch
ein dielektrisches Material getrenntistund einen lei-
tenden Schirm definiert, derart, dass die dritte
Schicht (86) zwischen den leitenden Schirmen, die
von den zweiten und vierten Schichten (85, 87) de-
finiert werden, eingebettet ist.

Sensorfeld nach Anspruch 2, umfassend eine fiinf-
te Schicht (89), die von der dritten Schicht (86)
durch ein dielektrisches Material getrennt ist und ei-
nen leitenden Schirm definiert, und eine sechste
Schicht (88), die von der vierten und flinften Schicht
(87, 89) durch ein dielektrisches Material getrennt
ist und eine weitere Reihe von voneinander beab-
standeten langlichen Verbindungen (94) definiert,
wobei gewahlte Sensoren (90) mit jeweiligen wei-
teren Verbindungen (94) Uber jeweiligen leitende
Pfade (96), die sich durch Offnungen in den von der
zweiten und fiinften Schicht (85, 89) definierten lei-
tenden Schirmen erstrecken, verbunden sind.

Sensorfeld nach irgendeinem vorangehenden An-
spruch, wobei die Schichten (84, 85, 86, 87, 88, 89)
auf dielektrischen Boards gestutzt werden, die das
dielektrische Material definieren, welches benach-
barte Schichten trennt.

Sensorfeld nach irgendeinem vorangehenden An-
spruch, wobei die oder jede Schicht (86, 88), die
langliche Verbindungen definiert/definieren, einen
leitenden Schirm (94b) beinhaltet, der sich zwi-
schen jedes angrenzende Paar von langlichen Ver-
bindungen (94) erstreckt.

Sensorfeld nach irgendeinem vorangehenden An-
spruch, wobei die erste Schicht (84) einen leitenden
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Schirm, der von den Sensorelektroden (90) beab-
standet ist und eine Reihe von Offnungen definiert,
beinhaltet, wobei jede Sensorelektrode innerhalb
einer jeweiligen Offnung angeordnet ist.

Sensorfeld nach irgendeinem vorangehenden An-
spruch, wobei die leitenden Pfade durch Durchloch-
Plattierungsaufbauten definiert werden, die durch
Offnungen (93) in dem dielektrischen Material ge-
bildet sind.

Sensorfeld nach irgendeinem vorangehenden An-
spruch, wobei die erste Schicht (84), die das Feld
von Sensorelektroden definiert, mit einem dielektri-
schen Material abgedeckt ist.

Revendications

Réseau de capteurs pour détecter la distribution de
fluides présentant des caractéristiques électriques
différentes, caractérisé en ce qu'il comprend une
structure multicouche qui inclut une premiére cou-
che (84) qui définit un réseau d'électrodes de cap-
teur espacées (90), une seconde couche (85) qui
est séparée de la premiére couche par un matériau
diélectrique et qui définit un écran conducteur (92)
et une troisiéme couche (86) qui est séparée de la
seconde couche (85) par un matériau diélectrique
et qui définit une série de connexions allongées es-
pacées (94), chaque capteur (90) étant connecté a
une connexion respective (94) par une voie conduc-
trice respective qui s'étend au travers d'une ouver-
ture (93) ménagée dans I'écran conducteur comme
défini par la seconde couche (85).

Réseau de capteurs selon la revendication 1, com-
prenant une quatriéme couche (87) qui est séparée
de la troisiéeme couche (86) par un matériau diélec-
trique et qui définit un écran conducteur de telle sor-
te que la troisieme couche (86) soit prise en sand-
wich entre les écrans conducteurs qui sont définis
par les seconde et quatrieme couches (85, 87).

Réseau de capteurs selon la revendication 2, com-
prenant une cinquieme couche (89) qui est séparée
de la troisiéeme couche (86) par un matériau diélec-
trique et qui définit un écran conducteur, et une
sixieme couche (88) qui est séparée des quatrieme
et cinquiéme couches (87, 89) par un matériau dié-
lectrique et qui définit une série supplémentaire de
connexions allongées espacées (94), des capteurs
sélectionnés (90) étant connectés a des con-
nexions supplémentaires respectives (94) par des
voies conductrices respectives (96) s'étendant au
travers d'ouvertures ménagées dans les écrans
conducteurs comme défini par les seconde et cin-
quieme couches (85, 89).
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4.

Réseau de capteurs selon I'une quelconque des re-
vendications précédentes, dans lequel les couches
(84, 85, 86, 87, 88, 89) sont supportées sur des car-
tes diélectriques qui définissent le matériau diélec-
trique qui sépare des couches adjacentes.

Réseau de capteurs selon I'une quelconque des re-
vendications précédentes, dans lequel la couche
ou chaque couche (86, 88) qui définit des con-
nexions allongées incorpore un écran conducteur
(94b) qui s'étend entre chaque paire adjacente de
connexions allongées (94).

Réseau de capteurs selon I'une quelconque des re-
vendications précédentes, dans lequel la premiére
couche (84) incorpore un écran conducteur qui est
espacé des électrodes de capteur (90) et qui définit
une série d'ouvertures, chaque électrode de cap-
teur étant localisée a l'intérieur d'une ouverture res-
pective.

Réseau de capteurs selon I'une quelconque des re-
vendications précédentes, dans lequel les voies
conductrices sont définies par des structures de
plaguage de trous traversants qui sont formées au
travers d'ouvertures (93) qui sont ménagées dans
le matériau diélectrique.

Réseau de capteurs selon I'une quelconque des re-
vendications précédentes, dans lequel la premiére
couche (84) qui définit le réseau d'électrodes de
capteur est recouverte d'un matériau diélectrique.
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