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a cavity, an inlet for receiving a crude oil emmulsion and outlets for water and purified crude oil. First and second pairs of electrodes
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Scott-T transformer circuits. A method comprises steps performed during operation of the apparatus.
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BI-PHASE (SCOTT-T) TRANSFORMER DOUBLE VOLTED AC ELECTROSTATIC
COALESCER

FIELD OF THE DISCLOSURE

[001] The present disclosure relates to chemical separation and more particularly relates to an
apparatus for separating water from oil-water mixture by using Bi-phase (Scott-T) Transformers
to transmit high voltage electricity within a coalescer vessel in order to promote coalescence and

separation of water from the oil-water mixture.

BACKGROUND OF THE DISCLOSURE

[002] In crude oil exploration and production, various fluid streams extracted can contain
impurities including appreciable amounts of water, salt and other undesirable constituents. So-
called “upstream” processes are therefore taken to remove the impurities, particularly water, from
the fluid stream. Research into capabilities for removal of such impurities has increased in
importance due to the possibility of exploiting deposits that have been previously disposed of for
containing too much water. Thus far, the two most common techniques for removal water is by
gravitational separation and electrostatic coalescing. The gravitational technique, which is the
most common method, separates water from crude oil by differences in their density. Typically,
oil production facilities use gravity separators to remove most of the water associated to the crude
oil production. However, when the water is dispersed in small or microscopic droplets in a
continuous phase water/oil emulsion, gravitational separation does not work well, with the result

that an appreciable amount of water tends to remain.

[003] A more efficient technique for separating continuous phase emulsions is to remove the water
electrostatically by passing the emulsion through an established electric field. One common

apparatus to perform this procedure includes housing charged electrodes spaced apart within a
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vessel known as an electrostatic coalescer. The coalescer typically includes an emulsion inlet, an
outlet for a lighter component (o0il) and another outlet for the heavier component (water). The
electric field acts to augment the size of water droplets within the emulsion. The larger droplet

can then be more efficiently separated by gravity from the oil and then removed from the vessel.

[004] Certain conventional electrostatic designs use alternating current (AC) current transformers
to transmit a high voltage to the electrodes housed within the vessel. The most frequently used
configuration includes three single phase AC transformers installed on the vessel and connected
to the electrodes within the vessel through a high voltage entrance bushing. Typically, in a step-
up transformer each single-phase transformer is equipped with a single electrical coil of wire called
the “primary winding” (lower voltage) and another called the “secondary winding” (stepped up to
higher voltage). Power is typically provided to the primary winding via a three-phase power
supply with two phases connected to each transformer (phase to phase, delta connection). One end
of the secondary winding of each transformer is connected to the electrodes while the other end of

the secondary winding is grounded.

[005] The conventional designs include three high voltage connections (one from each
transformer) with the same voltage level and mutual phase shifts (¢) of 120 degrees. Set of
electrodes are connected to one of the three transformers. This configuration generates electrostatic
fields with same voltage intensity and phase shift (¢) of 120 degrees. However, the use of single-
phase transformers in this design requires non-symmetrical sets of electrodes that generate
unsynchronized electrostatic fields with phase shifts. This design configuration suffers from
inefficiencies in that the phase shifts of the AC fields are not optimal for water droplet aggregation
and separation. Furthermore, the conventional design is subject to undesired voltage drops and

power losses.
[006] SUMMARY OF THE DISCLOSURE

[007] In a first aspect, the present disclosure describes an electrostatic coalescer apparatus for
separating water {from a crude oil emulsion. The coalescer apparatus comprises a vessel housing
having a cavity, an inlet for receiving a crude oil emulsion, at least one outlet for output water
removed from the emulsion, and a further outlet for purified crude oil. The apparatus further
comprises first and second pairs of electrodes positioned adjacently within the cavity of the vessel.

A first Scott-T transformer circuit is coupled to the first pair of electrodes. The first Scott-T
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transformer receives as an input a 3-phase power supply and outputs a 2-phase high voltage signal
to the first pair of electrodes. A second Scott-T transformer circuit is coupled to the second pair
of electrodes. The second Scott-T transformer circuit receives as an input a 3-phase power supply
and outputs a 2-phase high voltage signal to the second pair of electrodes. The 2-phase voltage
generated between the first pair of electrodes by the first Scott-T transformer circuit is of a same
amplitude and phase as a voltage generated between the second pair of electrodes by the second

Scott-T transformer circuit.

[008] In a preferred implementation, the electrodes in the first pair and the electrodes in the second

pair extend in a horizontal orientation.

[009] In some embodiments, the first pair of electrodes includes an upper electrode and a lower
electrode. The upper electrode receives a signal from the first transformer circuit of a first phase
and the lower electrode receives a signal from the first transformer circuit of a second phase 90
degrees shifted with respect to the first phase. Similarly, the second pair of electrodes includes an
upper electrode and a lower electrode and the upper electrode and lower electrodes receive signals

from the second transformer circuit that are 90 degrees shifted with respect to each other.

[0010] The first and second Scott-T transformer circuit preferably each include a main transformer
and a 86.6% (0.5 x V3) ratio teaser transformer that taps the main transformer in a 1:1 ratio. The
main transformer includes a primary winding having a first end coupled to a one of the phases of
the three-phase power supply, and a second end coupled to another of the phases of the three-phase
power supply. The Main transformer center tap then connects to one end of Teaser transformer
while the other end connects to the remaining phase. The main transformer includes a secondary
winding having a first end coupled to a first one of the electrodes of the first or second pairs of
electrodes, and a second end coupled to ground. In some implementations, the teaser transformer
includes a secondary winding having a first end coupled to a second one of the electrodes of the

first or second pairs of electrodes, and a second end coupled to ground.

[0011] In certain embodiments, the voltage generated within first and second pairs of electrodes

is in a range of 15 Kilovolts to 25 Kilovolts.

[0012] In another aspect, the present disclosure describes a method removing water and soluble

impurities from a crude oil emulsion. The method comprises introducing the crude oil emulsion



10

15

20

25

WO 2023/081561 PCT/US2022/077454

into an electrostatic coalescer apparatus having a vessel with first and second pairs of electrodes,
generating a homogenous bi-phase AC voltage signal between electrodes of the first and second
pairs of electrodes; wherein water present in the emulsion aggregates and separates from the crude
oil emulsion by exposure to the high voltage signal within the vessel, and removing the aggregated

water from the vessel of the apparatus.

[0013] In some implementations, the aggregated water drops by force of gravity to the bottom of

the vessel and is removed from the vessel via outlets.

[0014] These and other aspects, features, and advantages can be appreciated from the following

description of certain embodiments and the accompanying drawing figures and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1A is a schematic diagram of a bi-phase transformer electrostatic coalescer apparatus

according to an embodiment of the present disclosure.

[0016] FIG. 1B is an enlarged view of a portion of FIG. 1A illustrating an example configuration

of a bi-phase Scott-T transformer employed according to the present disclosure.

[0017] FIG 2A shows another view of the bi-phase coalescer apparatus shown in FIG. 1A
illustrating a wave form of differential voltage between the symmetric plates supplied by bi-phase

phase transformers according to an embodiment of the present disclosure.

[0018] FIG. 2B is an exemplary graph of normalized grid’s differential voltage over time
generating an AC electric field that can be used in the bi-phase coalescer apparatus according to

the present disclosure.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THE DISCLOSURE

[0019] The present disclosure describes an electrostatic coalescer apparatus and associated
method for separating water from water-in-oil mixtures that uses bi-phase (Scott-T) transformers

to step up voltage and transmit high voltage electricity to the electrodes housed in the coalescer
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apparatus. The Scott-T transformer is a transformer circuit that is used to produce two-phase

electric power, with a phase shift of 90 degrees, {from a three-phase source.

[0020] FIG. 1A is a schematic cross-sectional view an embodiment of an electrostatic coalescer
apparatus 100 according to the present disclosure. The coalescer is housed in a vessel 105 that
defines a cavity 110 and a longitudinal axis 112. The vessel 105 features an emulsion inlet 115
for receiving a crude oil emulsion that can contain appreciable amounts of water, salt and other
undesirable constituents. In some embodiments the emulsion inlet 115 is positioned at the bottom
of the vessel 105 and the emulsion enters the vessel under positive pressure. The emulsion inlet
can lead through an inlet header 116 that conveys the input emulsion deeper into the vessel to
avoid the presence of accumulated water. At least one outlet for water is positioned at the vessel
105. In the embodiment shown in FIG.1A, there are two such water outlets 120, 122. After water
has been separated from the emulsion as described further below, the water exits from the vessel
via outlets 120, 122 by force of gravity. The crude oil from which impurities have been removed
exits from the vessel via a crude outlet 125 that can be positioned, as shown, at the top of the vessel

105.

[0021] Within the vessel 105, two pairs of electrodes are positioned horizontally adjacent to each
other. The first pair of electrodes includes electrodes 132 and 134 and the second pair of electrodes
includes electrodes 136 and 138. In the first pair electrodes 132 is positioned above electrode 134.
In the second pair electrode 136 is positioned above electrode 138. All of the electrodes 132, 134,
136, 138 extend horizontally (in the direction of the longitudinal axis 112). In some embodiments
each of the electrodes 132, 134, 136, 138 comprises a layer of charged grids. The first pair of
electrodes 132/134 is connected to a first bi-phase Scott-T transformer circuit 140. The second
pair of electrodes 136/138 is connected to a second bi-phase Scott-T transformer circuit 145. The
coalescer apparatus 100 can be considered to be “double-volted” in that each electrode pair
includes two layers of grids that are connected to transformers. The pairs of electrodes 132/134,
136/138 are symmetrically positioned about a center of the vessel (along the longitudinal axis 112).

Together, the electrodes cover approximately the entire length of the vessel.

[0022] In some embodiments, the first and second bi-phase Scott-T transformer circuits are
equivalent. An enlarged view showing a configuration of the first bi-phase Scott-T transformer

circuit 140 is shown in FIG. 1B. As shown, the b-phase Scott-T transformer circuit 145 includes
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two transformers (T1, T2) that are configured perpendicularly to each other, hence the “T”
nomenclature. The first transformer (T1), which is the “main” transformer, consists of primary
winding that is split between a first section 202 and a second section 204 and a secondary winding
216. The second transformer (T2), which is the “teaser” transformer, consists of a primary winding

208 and a secondary winding 210.

[0023] A first end 212 of the first second of primary winding 202 of the first transformer (T1) is
coupled to a first phase (O =0°) of a three-phase power supply. The second end of the first section
202 is connected to the first end of the second section 204 by a conductor 215. A second end of
the section 202 of the primary winding of the first transformer (T1) is coupled to a conductor 215
(e.g., an electrical wire) that connects the first section to second section 204. The second end 218
of the second section 204 is coupled to a second phase (® =120°) of a three-phase power supply.
The first end 222 of the secondary winding 206 of T1 is coupled to electrode 132 of the first
electrode pair via a high-voltage entrance bushing. The phase of the signal provided to the
electrode is (® =90°), one phase of a two-phase system. A second end 224 of the secondary

winding 206 of the first transformer (T1) is grounded.

[0024] Turning to the second transformer (T2), the first end of the primary winding 232 taps the
center of the primary winding 208 of T1 (i.e. between sections 202, 204) in a 1:1 ratio. That is, 50
percent of the windings of the primary of the first transformer (T1) are in section 202, and 50
percent are in section 204. The second end 234 of the primary winding 208 of transformer (T2) is
coupled to a third phase (® =240°) of a three-phase power supply. The second end taps the primary
winding 208 of the second transformer (T2) is an 86.6% (0.5 x V3) ratio. The first end 242 of the
secondary winding 210 of the second transformer (T2) is the connected to electrode 134 of the
first electrode pair via a high-voltage entrance bushing. The phase of the signal provided to the
electrode 1s (® =90°), the other phase of the two-phase system. A second end 244 of the secondary
winding 210 of the first transformer (T2) is grounded.

[0025] The second transformer circuit 145 of the coalescer apparatus is coupled to the three-phase
power supply and the second pair of electrodes 136/138 in the same manner so that there is a
symmetry between the way the first and second electrode pairs 132/134, 136/138 are electrically

energized.
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[0026] In the configuration shown in FIG. 1B, the bi-phase Scott-T transformer is a step-up
transformer and the secondary windings are at a higher voltage with respect to the primary
windings. As noted, the first sides of the secondary windings of the first and second transformers
(T1), (T2) are connected to the inside electrodes inside the vessel 105 while the other sides are
grounded. This configuration generates high-voltage two-phase power signal with the same
voltage and a phase shift of 90 degrees from a three-phase power supply. In each pair of electrodes
132/134, 136/138, the top electrode is coupled to the (O = 0°) phase while the bottom electrode is
coupled to the (@ = 90°) phase. The normalized potential difference between the electrode is
equivalent to sin x — cos X, which is another sinusoidal signal. This configuration generates a more
uniform and homogenous electrostatic field with same voltage density and no phase shift. In
addition, in the embodiment of FIGS. 1A and 1B, only two transformers need to be employed, in

contrast to the conventional three-phase coalescer that uses three transformers.

[0027] Figure 2A is a schematic cross-sectional view of the same embodiment of the coalescer
shown in FIG. 1A but this figure shows the waveform of voltage intensity between the symmetric
electrodes supplied by the disclosed Scott-T transformer circuits. As shown, there is a first AC
high voltage waveform 305 that represents the voltage between the first electrode 132 and the
second electrode of the first electrode pair of the coalescer. A second AC high voltage waveform
310 represents the voltage between the first electrode 136 and the second electrode 138 of the
second electrode pair. A similar pattern is generated between the bottom plates and the interface
level that forms as water coalesces and separates from the crude oil emulsion. This water then exits
from the vessel via the water outlets 120, 122. Some of the soluble impurities present in the original

crude oil emulsion are removed with the water.

[0028] As illustrated, the waveforms 305, 310 have the same amplitude and phase, providing a
uniform electric field throughout the coalescer. The uniform field, in turn, creates homogeneous
condition for the aggregation of water throughout the vessel, improving the efficiency of the
coalescing process. FIG. 2B is an exemplary graph showing a voltage density between the
electrodes (of each pair) over time. In various implements, voltage levels in the vessel can be
maintained within a range of 15 Kilovolts to 25 Kilovolts which is suitable for inducing sufficient

aggregation of water molecules to ensure their separation from the crude oil emulsion.
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[0029] There are a number of advantages to the coalescer apparatus powered using bi-phase Scott-
T transformers according to the present disclosure. The use of Scott-T Transformers for AC
electrostatic coalescers reduces the number of transformers required for each vessel to 2 from 3;
by this measure, the possibility of unbalanced voltage on the primary windings is reduced. The
reduction of the possibility of unbalanced voltages, in turn, reduces power loses over time, avoids
undesired voltage drops, and increases transformer life. This will result in a more robust and
resilient design with a power cable redundancy. In some embodiments, the two bi-phase Scott-T
transformer circuits coupled to the vessel can be provided with an independent power supply.
Therefore, if one power supply is lost, only one of the transformer circuits will be down and the
other one can keep working and provide a partial treatment of the emulsion, mitigating the upset.
Importantly, the disclosed coalescer using bi-phase Scott-T transformers enables the employment
of symmetric electrodes with a more uniform and synchronized (no phase shift) electrostatic field
throughout the entire length of the vessel. This measure improves water droplet aggregation

(coalescing) and separation.

[0030] It is to be understood that any structural and functional details disclosed herein are not to
be interpreted as limiting the systems and methods, but rather are provided as a representative
embodiment and/or arrangement for teaching one skilled in the art one or more ways to implement

the methods.

[0031] It is to be further understood that like numerals in the drawings represent like elements
through the several figures, and that not all components or steps described and illustrated with

reference to the figures are required for all embodiments or arrangements.

[0032] The terminology used herein is for the purpose of describing particular embodiments only
and is not intended to be limiting of the present disclosure. As used herein, the singular forms "a",
"an" and "the" are intended to include the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms "comprises" and "comprising”, when used
in this specification, specify the presence of stated features, integers, steps, operations, elements,

or components, but do not preclude the presence or addition of one or more other features, integers,

steps, operations, elements, components, or groups thereof.
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[0033] Terms of orientation are used herein merely for purposes of convention and referencing
and are not to be construed as limiting. However, it is recognized these terms could be used with

reference to a viewer. Accordingly, no limitations are implied or to be inferred.

[0034] Also, the phraseology and terminology used herein is for the purpose of description and
should not be regarded as limiting. The use of "including,” "comprising," or "having,"

"containing," "involving," and variations thereof herein, is meant to encompass the items listed

thereafter and equivalents thereof as well as additional items.

[0035] The subject matter described above is provided by way of illustration only and should not
be construed as limiting. Various modifications and changes can be made to the subject matter
described herein without following the example embodiments and applications illustrated and
described, and without departing from the true spirit and scope of the invention encompassed by
the present disclosure, which is defined by the set of recitations in the following claims and by

structures and functions or steps which are equivalent to these recitations.
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WHAT IS CLAIMED IS:

1. An electrostatic coalescer apparatus for separating water from a crude oil emulsion comprising:

a vessel housing having a cavity, an inlet for receiving a crude oil emulsion, at least one
outlet for output water removed from the emulsion, and a further outlet for purified crude oil;

a first pair of electrodes positioned within the cavity of the vessel

second pair of electrodes positioned adjacent to the first pair of electrodes within the cavity
of the vessel;

a first Scott-T transformer circuit coupled to the first pair of electrodes, the first Scott-T
transformer receiving as an input a 3-phase power supply and outputting a 2-phase high voltage
signal to the first pair of electrodes; and

a second Scott-T transformer circuit coupled to the second pair of electrodes, the second
Scott-T transformer circuit receiving as an input a 3-phase power supply and outputting a 2-phase
high voltage signal to the second pair of electrodes;

wherein the 2-phase voltage generated between the first pair of electrodes by the first Scott-
T transformer circuit is of a same amplitude and phase as a voltage generated between the second

pair of electrodes by the second Scott-T transformer circuit.

2. The electrostatic coalescer of claim 1, wherein the electrodes in the first pair and the electrodes

in the second pair extend in a horizontal orientation.

3. The electrostatic coalescer of claim 1, wherein:

the first pair of electrodes includes an upper electrode and a lower electrode, the upper
electrode receiving a signal from the first transformer circuit of a first phase and the lower electrode
receiving a signal from the first transformer circuit of a second phase 90 degrees shifted with
respect to the first phase; and

the second pair of electrodes includes an upper electrode and a lower electrode, the upper
electrode receiving a signal from the second transformer circuit of a first phase and the lower
electrode receiving a signal from the second transformer circuit of a second phase 90 degrees

shifted with respect to the first phase.

10
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4. The electrostatic coalescer of claim 1, wherein the first and second Scott-T transformer circuit
each include a main transformer and a teaser transformer that taps the main transformer in a 1:1

ratio.

5. The electrostatic coalescer of claim 4, wherein the main transformer includes a primary winding
having a first end coupled to a one of the phases of the three-phase power supply, and a second

end coupled to another of the phases of the three-phase power supply.

6. The electrostatic coalescer of claim 4, wherein the main transformer includes a secondary
winding having a first end coupled to a first one of the electrodes of the first or second pairs of

electrodes, and a second end coupled to ground.

7. The electrostatic coalescer of claim 6, wherein the teaser transformer includes a secondary
winding having a first end coupled to a second one of the electrodes of the first or second pairs of

electrodes, and a second end coupled to ground.

8. The electrostatic coalescer of claim 1, wherein the voltage generated within first and second

pairs of electrodes is in a range of 15 Kilovolts to 25 Kilovolts.

9. A method removing water and soluble impurities from a crude oil emulsion comprising:
introducing the crude oil emulsion into an electrostatic coalescer apparatus having a vessel
with first and second pairs of electrodes;
generating a homogenous bi-phase AC voltage signal between electrodes of the first and
second pairs of electrodes; wherein water present in the emulsion aggregates and separates from
the crude oil emulsion by exposure to the high voltage signal within the vessel; and

removing the aggregated water from the vessel of the apparatus.

10. The method of claim 9, wherein the aggregated water drops by force of gravity to the bottom

of the vessel and is removed from the vessel via outlets.

11
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11. The method of claim 9, wherein the high voltage signal between the electrodes of the first and

second pairs of electrodes is in a range of 15 Kilovolts to 25 Kilovolts.

12. The method of claim 9, wherein the homogenous bi-phase AC voltage signal between
electrodes of the first pair of electrodes is generated by a first Scott-T transformer circuit and a
second and the homogenous bi-phase AC voltage signal between electrodes of the second pair of

electrodes is generated by a second Scott-T transformer circuit.

13. The method of claim 12, wherein the wherein the electrodes in the first pair and the electrodes

in the second pair extend in a horizontal orientation.

14. The method of claim 12, wherein the electrodes within each pair of electrodes receive AC

signals that are shifted by 90 degrees with respect to each other.

15. The method of claim 12, wherein the first and second Scott-T transformer circuit each include

a main transformer and a teaser transformer that taps the main transformer in a 1:1 ratio.

12
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