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Abstract: As most of the light and easy oil fields have been produced or are nearing their end-life,
the emulsion stability is enhanced and water cut is increasing in produced fluid which have brought
challenges to oil-water separation in onshore and offshore production trains. The conventional
solution to these challenges includes a combination of higher chemical dosages, larger vessels and
more separation stages, which often demands increased energy consumption, higher operating
costs and larger space for the production facility. It is not always feasible to address the issues
by conventional means, especially for the separation process on offshore platforms. Electrostatic
coalescence is an effective method to achieve demulsification and accelerate the oil-water separation
process. In this paper, a novel compact electrostatic coalescer with helical electrodes was developed
and its performance on treatment of water-in-oil emulsions was investigated by experiments. Focused
beam reflectance measurement (FBRM) was used to make real-time online measurements of water
droplet sizes in the emulsion. The average water droplet diameters and number of droplets within
a certain size range are set as indicators for evaluating the effect of coalescence. We investigated
the effect of electric field strength, frequency, water content and fluid velocity on the performance
of coalescence. The experimental results showed that increasing the electric field strength could
obviously contribute to the growth of small water droplets and coalescence. The extreme value of
electric field strength achieved in the high-frequency electric field was much higher than that in the
power-frequency (50 Hz) electric field, which can better promote the growth of water droplets. The
initial average diameters of water droplets increase with higher water content. The rate of increment
in the electric field was also increased. Its performance was compared with that of the plate electrodes
to further verify the advantages of enhancing electrostatic coalescence and demulsification with
helical electrodes. The research results can provide guidance for the optimization and performance
improvement of a compact electrocoalescer.

Keywords: electrocoalescence; electrode design; compact separator; oil-water separation; water-in-
oil emulsion

1. Introduction

As the oil well’s production life increases, the water content in the oil also grows. It is
usually in the form of water-in-oil (W/O) emulsion or oil-in-water (O/W) emulsion, which
depends on the value of water cut. The existence of such emulsions brings challenges
in offshore crude oil production. Firstly, the large amount of water and oil phase can
easily form the water in oil emulsion and in the colloidal state because of its high stabil-
ity and viscosity during multiphase transportation, which causes substantial transport
problems. Secondly, the process of removing water at the platform is usually achieved
in large horizontal separators with the help of gravity and demulsifying chemicals. It is
time-consuming and expensive to make the water content below 0.5% during the treatment
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when the water cut reaches more than 90%. Therefore, it is necessary to use more effective
and compact methods to separate water from oil [1]. Nowadays, possible separation
methods of water-in-oil emulsions include gravity or centrifugal settling [2,3], thermal
treatment, chemical demulsification [4-6], pH adjustment [7], electrostatic demulsifica-
tion [8-10], the freeze /thaw method, filtration, membrane separation, microwave radiation
and ultrasonic energy, etc. [11-14]. Compared with the other widely used or tried solutions,
electrostatic demulsification is becoming more and more popular, both from environmental
and economical points of view [12].

Generally, it involves three stages for the water-droplet pair electrocoalescence in
W /O emulsion. Firstly, the droplets should approach each other and be very close under
the action of various long-range flocculation forces. Secondly, the drainage or thinning of
the film occurs to reduce the interfacial area. Once the film thickness reaches a critical value,
the breakdown or rupture of the film will be easily achieved if there is some instability or
disturbance [11]. Urdahl et al. [15] and Harpur et al. [16] investigated electrostatic destabi-
lization of water-in-oil emulsions with a water content up to 30% under flowing conditions
in the laboratory. The experimental results showed that the droplet size increased up to a
factor of 10 after flowing through the rectangular electrocoalescer. Since the late 1990s, the
electrocoalescence technology has received extensive attention and development, in order
to further improve the separation efficiency of the horizontal gravity separator and the
electric dehydrator and reduce the overall investment, construction and operating costs
of facilities. Various types of electrostatic coalescers have been developed [17-19]. The
compact electrostatic coalescer (CEC) [20] and inline electro coalescer (IEC) [21,22] were the
typical representatives. From the perspective of their working mechanisms, they both in-
volve electrostatic coalescence and demulsification characteristics of W/O emulsions under
non-uniform electric fields. The effect of the electric field is mainly related to the properties
of the oil-water phase and the type of electrode [23]. Flow conditions could also affect
the electrocoalescence process. In the common commercial horizontal electrocoalescer, it
usually obtains the laminar flow condition of the fluid and the gravity is set as the primary
action [24]. Atten [25] found that the electric coalescence efficiency of water droplets in
W /O emulsion under moderate turbulence flow condition is better than that in the laminar
flow condition. Urdahl et al. [26] also pointed out that turbulence contributes to droplet
coalescence. However, the droplet will be dispersed or broken-up if the turbulent intensity
reaches a certain value. There is an optimal turbulence intensity that could make full use
of the positive effects of disrupting the water-droplet chains whilst avoiding the negative
effects of dispersing the larger droplets. Melheim and Matteo [27] studied a model of a
turbulent electrocoalescer numerically in the Eulerian-Lagrangian framework. The results
showed that the collision frequency is mainly controlled by the turbulence and turbulent
electrocoalescence works well for all simulated water contents. Li et al. [28] experimentally
studied the demulsification efficiency of W/O emulsion by combining with centrifugal
and electrical fields in a novel device. The influence of electric frequency, voltage and
rotational speed on the separation efficiency were both investigated. Nath [29] investigated
the dynamics of viscoplastic droplets under the combined action of electric field and shear
flow by performing direct numerical simulations. The simulations reveal that the relative
competition of shear, electric, and surface tension forces ultimately decides the mechanism
of the droplet disintegration. Ismail et al. [30] developed a compact high-performance
electrostatic coalescer and made tests on an Arab medium crude oil under different process
conditions, including different temperatures and electric field strengths. Several static
mixers with different geometries were housed in the compact inline coalescer chamber
and tested for their properties in the electrostatic-enhanced demulsification process. The
results show that installing a static mixer in the electrostatic coalescer cell can improve
the oil dehydration performance by creating a favorable mild turbulence flow. Sameer
and Rochish [31] used different kinds of electrode systems such as quadrupole, pin-plate,
four-pin and annular electrodes to generate the non-uniform electric fields. The coalescence
behavior of emulsions in the non-uniform electric fields was analyzed and the results
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were compared with those in a uniform field. The results showed that in W/O emulsion,
an asymmetric non-uniform field generated using the pin-plate electrodes is found to
be advantageous as compared to the uniform and symmetric quadrupole non-uniform
electric fields. Luo et al. [32] experimentally studied the effect of field nonuniformity
on the electrocoalescence of W/O emulsion under different electric field configurations
including coaxial cylindrical electrodes, pin-plane electrodes and parallel plate electrodes
through microscopic observation and image analysis. The results showed that non-uniform
fields can enhance the performance of electrocoalescence compared to uniform fields due
to the combined effects of dipole—dipole interaction and dielectrophoresis. Li et al. [33]
studied the performance of a novel electrode geometry which is formed into a V-shape
and generates non-uniform electric field. The performance of this novel electrode was
investigated for different electrical parameters, fluid physical properties and residence time
by experiment and numerical simulation. The results showed that the electrocoalescence of
W /O emulsion could be enhanced since the electrical attractive force between neighboring
droplets is promoted with the compact design. Zhou et al. [34] investigated the effect of
dielectrophoresis on the coalescence of binary droplets under a non-uniform electric field.
The results showed that the effects of dielectrophoresis on coalescence vary with different
electrodes. For positive dielectrophoresis, there is a critical distance of coalescence and it
is affected by the electric field intensity, continuous phase viscosity, and droplet diameter.
Gong et al. [35] studied the separation performance of a demulsification and dewatering
device coupling electric and centrifugal fields by numerical and experimental methods. The
results indicate that numerical results obtained by computational fluid dynamic coupling
with a population balance model (PBM) are in good accordance with experiments. Fur-
thermore, the effects of droplet dynamic characteristics cannot be ignored in the oil-water
separation process. Due to the structure limitation of the annular flow channel in CEC
and rectangular flow channel in IEC, it is difficult to sufficiently promote the collision
and coalescence of the dispersed water droplets in crude oil emulsions under suitable
flow conditions. Therefore, there is still great potential to enhance the demulsification and
coalescence efficiency.

This paper is based on the fact that proper turbulence can promote electrostatic
coalescence. The electrode structure is changed to generate a suitable flow condition and to
sufficiently promote the electrostatic coalescence of water droplets by fully take advantages
of the flow conditions and electric fields. A novel compact electrostatic coalescer with
helical electrodes is developed. The residence time could be prolonged and the turbulence
flow condition is produced in the helical channel. Thus, the electrocoalescence is promoted.
The performance of novel compact electrostatic coalescer is experimentally studied and
the influence of the electric field strength, frequency, W/O emulsion velocity and water
content in the emulsion on the demulsification are investigated. The experimental results
are compared with those of the electrostatic coalescer with parallel plate electrodes.

2. Geometry of the Novel Electrostatic Coalescer

The structure of the novel compact electrostatic coalescer is shown in Figure 1. It
mainly contains the helical electrodes, insulated central shaft, insulated cylinder, fluid inlet
and outlet and the part to connect a high voltage line. The helical electrodes are composed
by helical blades and mounted alternately. They are separately connected to the high-power
voltage and the ground. A nonuniformed electric field is generated between the helical
electrodes. Meanwhile, the W/O emulsions flow through the helical channel between the
two types of electrodes. It puts the emulsion into a transitional flow or weakly turbulent
flow conditions, which contributes to increasing the collision rate of water droplets and
thus promotes the demulsification coalescence efficiency.
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Figure 1. Structure of compact electrostatic coalescer with helical electrodes. (a) 3D assembly model; (b) cross-section
view of the assembly.

The design flowrate of the compact electrostatic coalescer is 2 m3/h. The inlet and
outlet pipe diameters are both 12.7 mm. The main geometry parameters are shown in
Table 1. There are four helical blades and the pitch between each blade is 35 mm. Figure 2
shows a picture of the compact electrostatic coalescer. The demulsification performance in
the uniformed electric field generated by parallel plate electrodes will be compared with
that of the helical electrodes.

Table 1. The main parameters of compact electrostatic coalescer.

Parameters Value
Design volume flowrate (m3/h) 2
Inlet diameter (mm) 12.7
Outlet diameter (mm) 12.7
Outlet diameter of helical blade (mm) 30
Inner diameter of helical blade (mm) 18
Thickness of helical blade (mm) 3
Length of the helical channel (mm) 500
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Figure 2. Experimental chart of test system.
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3. Experimental Procedure

The experimental chart of the compact electrostatic coalescer is shown in Figure 2. It
contains the emulsion supply tank, pneumatic double diaphragm pump, IKA high shear
dispersing machine, FBRM, waste liquid recovery tank, etc. The compact electrostatic
coalescer is installed between the IKA high shear dispersing machine and FBRM. The
diameters and numbers of water droplets in W/O emulsion could be tracked in real-time
by the FBRM. The range of droplet diameters that FBRM can measure is 0.5 um to 3 mm.
Figure 3 is a picture of the experiment system. Figure 4 shows the high frequency/high
voltage pulse AC power system. It contains the GFG-3015 function generator, Trek Model
10/40A-HS high voltage amplifier and S-620 20 MHz oscilloscope. The function generator
can provide a voltage of 0.01 to 10 V and a 10 kHz to 15 MHz frequency. It can also produce
different AC or DC waveforms including rectangular wave, sine wave, triangle wave and
sawtooth wave. The voltage amplifier can amplify the voltage signal to as high as 1000 times
and output 0 to 10 kV voltage whilst keeping the frequency and waveforms constant.
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Figure 3. Picture of the experiment system.

Figure 4. High frequency/high voltage pulse AC power system.
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During the experiment, the W/O simulated emulsion was generated by using 10#
white oil, water and Span 80 emulsifier. Firstly, a certain amount of 10# white oil was fed
into the emulsion supply tank and the oil was allowed to circulate with a constant flowrate
in the experimental process by starting the pneumatic double diaphragm pump. Then,
the IKA high shear dispersing machine was started with a certain rotational speed and
water and emulsifier was injected into the emulsion supply tank in proportion to generate
the W/O emulsion. When the generated emulsion stabilized, the high frequency/high
voltage pulse AC power was turned on and specific electric field parameters were set.
The variations of the distribution of the water droplet diameters were collected by the
FBRM in real-time and were used to evaluate the performance of the compact electrostatic
coalescer. FBRM is the industry-standard measurement technique used for the in-process
measurement of particles. A highly precise chord length distribution (CLD), sensitive to
particle size and count, was reported in real time without the need for sampling or sample
preparation. No shape is assumed and the measurement can be applied at full process
concentrations in opaque or translucent slurries and emulsions. The method of online
in-situ measurement can reduce the negative impact on the accuracy of the measurement
results during the dilution process for the sampling if using the traditional method.

During the experiment, the influence of electric parameters and flow conditions such
as electric field strength, frequency, water content and flow velocity on the novel compact
electrostatic coalescer performance were investigated. Meanwhile, the performance of the
electrostatic coalescer with parallel-plate electrodes was also studied and the results were
compared with that of the novel compact electrostatic coalescer.

4. Results and Discussion
4.1. Research on Characteristics of Test Emulsion System

Since the experiment is conducted by circulating the W/O emulsion in the flow loop
with various electric parameters, it is necessary to ensure the reliability and repeatability of
experimental results. In order to determine the effect of increased shear time and enhanced
emulsion stability on the experimental results of electrostatic coalescence equipment, the
experiment was repeated several times with the same W/O emulsion and same electric
parameters. Figure 5 shows the variations of water droplet numbers in W/O emulsion.
The vertical axis in Figure 5 represents the number of water droplets within 10 um. The
horizontal axis in Figure 5 represents the experiment time. The experiment was conducted
continuously for 30 min. During the experiment, the electric field was powered on and off
several times. The electric field strength is 1.8 kV/cm and the frequency is 50 Hz. Figure 6
shows the variations of the average droplet diameter. It can be concluded that once the high
voltage power is on, water droplets with diameters less than 10 pm are rapidly coalesced
under the electrical field. Additionally, the number of small water droplets decreased,
but decreased slightly as time went on, which is mainly related to the characteristics of
the flow-loop system itself. The water and oil emulsions demulsified by the electrostatic
coalescer were finally returned to the emulsion supply tank and were mixed with the
original emulsion. Thus, the stability of the initial emulsion changed to some extent. When
the high voltage power is off, the shearing effect becomes the domain factor again and the
emulsion system gradually recovers to its original state. Figure 5 shows that the number
of small water droplets rapidly decreases when the electric is powered on at about 200 s.
Then, the decrease trend becomes less pronounced. The main reason is that the coalescence
effect under the electric field is stronger than the emulsification effect under the high shear
dispersing machine. As the electric field action time extends, the actual number of water
droplets flowing through the electrostatic coalescer is less than the number when the power
is just turned on.

From Figures 5 and 6, it can be concluded that the experiment could be conducted
with highly repeatable results within 15 min. Once the experiment time is more than 15 min,
the average droplet diameter in the emulsion system and number of small water droplets
within 10 pm both increases. With the same electric field parameters, the increment of



Energies 2021, 14, 1733

7 of 18

the average water droplet diameter and the decrement of the droplet number are kept
relatively constant. Based on the above discussion, red dotted lines are used to represent
the measured values before and after the power is working. The difference before and
after power-on is applied to characterize the demulsification performance under different
electric field parameters.
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Figure 5. Variations of water droplets number within 10 um.
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Figure 6. Average water droplet diameters.

4.2. Effect of the Electric Field Strength

The flowrate, water content, rotational speed of high shear dispersing machine and
other condition parameters were kept constant. The electric frequency was 50 Hz. The
coalescence performance with different electric field strengths has been investigated. Pa-
rameters are shown in Table 2.

Figure 7 shows the variations of the number of water droplets within 10 pm in the
emulsion as time increases under different electric field strengths. It can be seen that the
device has a short circuit which causes the power supply to start overload protection when
the electric field strength is 2 kV/cm. There is a minimum electric field strength which
keeps the water droplets within 10 um coalesce. It could not promote the coalescence of
small water droplets when the electric field strength was less than 0.8 kV/cm. Once the
electric field strength increased to 1.0 kV/cm, the number of small water droplets decreased
by 12% compared to that in the initial conditions. When it reached 1.8 kV/cm, the number
of small water droplets decreased by 31%, which shows that increasing the electric field
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strength has a significant effect on promoting the coalescence and growth of small water
droplets. Figures 8-11 show the change trend of the number of water droplets with the
diameter ranges 10 to 50 um, 50 to 100 pum, 100 to 150 um and 150 to 300 um, respectively.
It can be concluded that water droplets within 50 pm could rapidly coalesce while the
number of those range 50 to 300 pm clearly increases. It indicates that the demulsification
effect is remarkable. It is worth mentioning that the number of water droplets in the range
of 50 to 100 pm did not rise quickly when the power was off, as shown in Figure 11. It just
slowly recovered to the initial state. This demonstrates that the stability of the emulsion
system with water particles in the range of 50 to 100 pm is the strongest.

Table 2. Parameters to study the influence of electric field strength on demulsification.

Flow Condition Parameters Electrical Field Parameters

Rotational Speed of Shear

Velocity

Water Content

Amount of Emulsifier

Electric Frequency

Electric Field Strength

Dispersing Machine
(m/s) (%) (&/L) P (r/n%in) Hz) (kV/cm)
0.4
0.6
0.8
1
0.44 15 7 8000 50 1.2
1.4
1.6
1.8
2
4.4x10* | ON ON
ON  1.8kV/em o ON ”\. LOkViem —
42x104 1.6 kV/em ON 1.0 kV/em .
Zkyem 1.4 kV/em 1.2 kV/em
4.0x10* l -----------

3.8x10*
3.6x104
3.4x104 L
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Figure 7. Variations of water droplet number within 10 pm.
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Figure 11. Variations of water droplet number within 150 to 300 pm.

Figure 12 shows the variations of the average water droplet diameter under different
electric field strengths. The initial average water droplet diameter is about 18 pm. It is
rapidly increased in a short of time once the power is on.
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4.3. Effect of the Electric Frequency
Based on the above studies, the electric field strength is set to 1.8 kV/cm. The effect
of the electric frequency on the performance of the compact electrostatic coalescer is
investigated in this part. The influence of the electric field strength with high electric
frequency (3000 Hz) has also been studied. The parameters are listed on Table 3.
Table 3. Parameters to study the influence of electric frequency.
Flow Condition Parameters Electrical Field Parameters
Velocity Water OContent Amount of Emulsifier Rogggggéii% elf/?aglflii};ear Electric Field Strength Electric Frequency
(m/s) (%) (g/L) (t/min) (kV/cm) (Hz)
50
500
1000
1.8 1500
2000
2500
3000
0.44 15 7 8000
3000

B W W INININN
PONR DN

Figure 13 shows the variation of the average water droplet diameter in the emulsion
system as time increases. On the left part of this figure, the electric frequency ranges from
50 Hz to 3000 Hz while the electric field strength is kept at 1.8 kV/cm. It indicated that the
average droplet diameter increases by about 28% compared to the initial value. The effect
of the electric field on the coalescence performance is weakened as the frequency increases.
The maximum electric field strength that can be achieved is 1.8 kV/cm with a frequency of
50 Hz, as shown in Figure 12. It is hard to determine the optimized electric field parameters
according to the variation of droplet diameters under that frequency (50 Hz).

On the right part of Figure 13, the coalescence performance in the compact electrostatic
coalescer with a helical electrode under different electric field strengths and high electric
frequency 3000 Hz is investigated to find the optimized value. The results showed that
the maximum electric field strength can be as high as 4.8 kV/cm with a high electric
frequency, 3000 Hz, which is much higher than that with 50 Hz. The average droplet
diameter increases by about 54% with an electric field strength of 3 kV/cm. The increase of
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the average water droplet size decreases slightly when further increasing the electric field
intensity. However, the electrostatic coalescence effect is not significantly weakened, even
if the electric field strength is excessive. It also verifies the superiority of the high frequency
electric field in avoiding a short circuit.
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Figure 13. Variations of average water droplet size under different electric field parameters.

Based on the above analysis, the influence of electric field frequency on power con-
sumption is investigated with an electric field strength of 1.8 kV/cm. In the experiment, the
power value of the power supply was calculated by recording the actual output average
voltage and average current. Figure 14 shows the variation of the average power of the
power supply at different frequencies. The average power value is significantly different
under various electric field frequencies. As the electric field frequency increases, the av-
erage current value decreases and the actual power consumption of the power supply is
also reduced. The power consumption at 3000 Hz is decreased by about 40% compared to
that at 50 Hz. It is lower than the power consumption at 50 Hz, which shows a significant
energy-saving effect.
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Figure 14. Relationship between power and electric field frequency.

4.4. Effect of the Water Content

The emulsification performance of the compact electrostatic coalescer under different
emulsion water contents (10, 20, 30, and 40%) is studied in this part. The amount of
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40

emulsifier (Span 80) added in the emulsion is 7 g/L to better formulate the emulsion. The
rotational speed of the high-shear dispersing machine is 8000 r/min. The emulsion flow
velocity in the electrostatic coalescer is 0.44 m/s.

(1) Water content: 10%

Figure 15 shows the variations of average water droplets size in the emulsion with
a water content of 10%. Figure 16 shows the number of water droplets within 10 pm.
Comparing the experimental results with a water content of 10% and those with water
a content of 15% in Figure 13, it can be found that a higher electric field intensity can be
achieved at a lower water content. The number of water droplets is greatly reduced and
the average droplet size is significantly increased as the electric field intensity increases.
However, for emulsions with lower water content, a higher electric field intensity is
required to achieve the same average droplet size with high water content.
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Variations of average water droplet size under different electric field parameters (water content 10%).
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Figure 16. Variations of water droplets number within 10 um (water content 10%).

(2) Water content: 20%

Figure 17 shows the variations of the average water droplet size in the emulsion with
a water content of 20% and Figure 18 shows the number of water droplets within 10 pm.
Under the conditions with an electric frequency of 50 Hz, the short circuit occurs as the
electric field intensity increases to 1.2 kV/cm. The maximum electric field intensity that
can be achieved under a high-frequency electric field (3000 Hz) is 4.0 kV/cm and a short
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circuit did not occur under an excessive power voltage. Compared to the demulsification
result of the emulsion with a water content of 10%, the initial average droplet size is larger
at a water content of 20% and the increment amplitude of the average droplet size after the
coalescence also grows.
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Variations of average water droplet size under different electric field parameters (water content 20%).
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Figure 18. Variations of water droplets number within 10 um (water content 20%).

(3) Water content: 30%

Figure 19 shows the variations of the average water droplet size in the emulsion with
a water content of 30% and Figure 20 shows the number of water droplets within 10 pum.
As the water content increases, the maximum electric field strength that can be loaded is
reduced to 0.8 kV/cm with an electric frequency of 50 Hz, while the maximum electric field
strength can be as high as 2.6 kV/cm under the high frequency of 3000 Hz. By comparing
the demulsification effect among different water contents—10, 20 and 30%—under a high-
frequency electric field (3000 Hz), the best demulsification performances are almost the
same, although the ultimate electric field strengths that can be applied are different.

(4) Water content: 40%

Figure 21 shows the variations of the average water droplet size in the emulsion with a
water content of 40%. It is difficult to handle emulsions under a water content of 40% with
metal electrodes. The highest electric field strength that can be achieved is just 0.05 kV/cm
under a 50 Hz electric frequency. Short circuit occurs once the electric field strength is
higher than that value. Although there is no short circuit when the frequency increases
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to 1500 Hz and 3000 Hz, the maximum electric field strength is only 0.06 kV/cm. There
is severe electric field attenuation under high water content. In order to ensure a good
demulsification effect under high water content, the insulated metal electrodes should be
used with the combination of high-frequency /high-voltage pulsed AC power system.
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Figure 19. Variations of average water droplet size under different electric field parameters (water content 30%).
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4.5. Effect of the Fluid Velocity

Based on the above experiment results, the optimized electric field parameters are
selected with electric field strength of 3 kV/cm and frequency of 1500 Hz. The effect of
emulsion velocity on the compact electrostatic coalescer demulsification performance is
investigated in this part. The emulsion velocities are 0.36, 0.53, 0.65 and 0.75 m/s. More
parameters are shown in Table 4.

Table 4. Parameters to study the influence of emulsion velocity.

Flow Conditions Electric Field Parameters

Rotational Speed of Shear

Water Content ~ Amount of Emulsifier Dispersing Machine Velocity  Electric Frequency  Electric Field Strength
(%) (g/L) P of rr%in) (m/s) (Hz) (kV/cm)
0.36
15 7 8000 023 1500 3
0.75

Figure 22 shows the variations of the average water droplet diameter with different
velocities. The emulsion flow velocity affects the electrostatic coalescence of water droplets
mainly by changing the fluid residence time in the electric field and turbulent status. As
the velocity increases, the emulsion turbulent state is enhanced. A moderate turbulence
state contributes to water droplet coalescence, but it reduces the fluid resident time and
thus affects the electrostatic coalescer demulsification efficiency. It shows that decreasing
the fluid velocity can obviously promote the coalescence of water droplets by extending
the residence time in the electric field. Figure 23 is the chord length distribution of water
droplets with different velocities. The trends of the curves between the number of water
droplets and the chord length under different velocities are the same. The number of small
water droplets is greatly reduced while that of large droplets increases slightly. Additionally,
the median number of water droplets grows with the decrease of fluid velocity.
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Figure 22. Variations of average water droplet size under different fluid velocities.
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Figure 23. Variations of water droplet number under different chord lengths.

4.6. Comparison of Performance between the Helical Electrode and Parallel-Plate Electrode

The comparison of the demulsification performance between the compact electrostatic
coalescer with a helical electrode and parallel plate electrode are experimentally studied.

Figure 24 shows the variation of the average water droplet size with the electric field
action time under different electric field strengths. The electric frequency is 50 Hz all the
time. Although the maximum electric field strengths with the parallel plate electrode
(2.0 kV/cm) is higher than that with the helical electrode (1.8 kV/cm from Figure 12), there
is almost no change for the average water droplet size under the action of the electric field
if the electric field strength is less than 1.6 kV/cm with the parallel-plate electrode. When
the electric field strength is higher than 1.6 kV/cm, the average water droplet size tends
to increase when the power is on. As the electric field strength increases to 1.8 kV/cm,
the average water droplet size is increased by 58% compared to the initial value with the
helical electrode, while that with parallel plate electrode is increased by 24%. There are
obvious differences between these two different electrodes. The comparison results once
again confirm that the demulsification performance of compact electrostatic coalescer can
be significantly enhanced by using the helical electrode.
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Figure 24. Variations of average water droplet size with parallel plate electrode.
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5. Conclusions

The experiment studies were carried out on the demulsification performance of a novel
compact electrostatic coalescer with helical electrodes under different flow conditions and
electric field parameters. The effects of the electric field strength, frequency, water content
and fluid velocity on the demulsification performance were analyzed. The demulsification
performance of the novel electrostatic coalescer with a helical electrode was also compared
to that with a parallel-plate electrode under the same conditions. The main conclusions are
as follows:

(1) The application of helical electrodes can help to increase the average residence time
of water droplets in the electric field and the emulsion turbulence is also moderately
enhanced. It has a better demulsification performance compared with the electrostatic
coalescer with parallel-plate electrodes under the same working conditions. This
proves that moderate turbulence is beneficial to promote electrostatic coalescence and
the helical electrode can improve the performance of electrostatic coalescence and
demulsification.

(2)  Under the high-frequency/high-voltage AC-pulsed electric field, the water content
that the electrostatic coalescer can treat is also high even if the metal helical electrode is
used. It has a better demulsification effect and lower equipment energy consumption
under a high-frequency /high-voltage AC-pulsed electric field. The high frequency
electric field has more obvious advantages than the power frequency (50 Hz) electric
field. The combination of an electrostatic coalescer with a helical electrode and
high-frequency /high-voltage pulse AC power supply technology is feasible

(3) Increasing the residence time of water droplets in the electric field and forming
moderate turbulence can both promote electrostatic coalescence. The influence of
fluid velocity and the residence time in the electric field should be comprehensively
considered when designing an electrostatic coalescer. It is particularly important to
determine the appropriate fluid velocity.
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