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Abstract: Crude oil desalination and dehydration are necessary for storage, transportation, and
processing procedures. However, the behaviour of fine emulsion droplets under an electric field
has always been questioned. This paper modified the dissipative particle dynamics method (DPD)
to study the deformation process of fine emulsion droplets under a high-strength electric field.
Compared with the literature data, the reliability of the DPD method is confirmed. The influence of
the crude oil properties and the electric field characteristics on the behaviour of the emulsion droplet
was analysed, and the effect factors included electric field intensity, electric field frequency, emulsion
droplet size, centre distance ratio, conservative force intensity, dissipative strength, and crude oil
density. The relationship between critical electric field intensity and emulsion droplet deformation
was formulated based on the simulational dates.

Keywords: dissipative particle dynamics; emulsion droplet breaking; crude oil desalting; critical
electric field strength

1. Introduction

Crude oil electric dehydration and desalination are industrially efficient techniques
for separating oil and water [1-3]. This technology mainly uses electric fields and chemical
agents to demulsify and separate crude oil emulsions to remove water contained in crude
oil [4,5]. The electrical dehydration and desalination of crude oil have the advantages of
simple operation, low investment, and low operating cost, and currently represent the most
widely used oil-water separation technology.

Scholars have discovered that the desalination effect of the crude oil electrical dehy-
dration desalination process can be improved by increasing the intensity of the electric
field [6-10]. Der et al. [11] experimentally investigated merging oil-water flow in a hori-
zontal serpentine channel via high-speed imaging. Different flow pattern diagrams of the
oil-water system were constructed. Sarkar et al. [12] studied liquid-liquid two-phase flow
patterns in glass microchannels using a very-high-shutter-speed camera. Flow diagrams
are presented and discussed to analyse the state of fluid motion in the liquid-liquid system.
Taylor et al. [13] found in experiments that the emulsion droplets were deformed under
the action of an electric field. They analysed the influence of different physical parameters
on the deformation behaviour and, based on this, proposed a leakage dielectric model.
Torza et al. [14] found that Taylor’s leakage dielectric model was only suitable for small
deformations of emulsion droplets, and there was a particular deviation for large deforma-
tions. Ajayi et al. [15] used higher-order linear analysis methods to modify Taylor’s model,
but they still did not essentially explain the reasons for the errors in Taylor’s model. Hua
et al. [16] used the tip-tracking method combined with three different electric field models
to simulate and analyse the deformation and breaking behaviour of the dispersed phase
droplets in the viscous fluid under the action of an electric field. Tomar et al. [17] used a
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combination of level set and the VOF method to simulate and analyse the deformation be-
haviour of conductive droplets under the action of an external electric field. Sonic et al. [18]
used the phase field method to study the deformation behaviour of emulsions under the
action of uniform and alternating electric fields.

Although increasing the electric field strength can promote the agglomeration of
emulsion droplets, thereby enhancing the effect of electrical desalination and dehydration,
studies have found that too high an electric field strength may cause the agglomerated
emulsion droplets to break up again. Eow et al. [19-21] studied the coalescence behaviour
of distilled water droplets in sunflower oil under the action of an electric field and found
that when the intensity of the electric field is too high, the spherical water droplets are
stretched into an ellipsoid shape and then dispersed into multiple tiny droplets; this means
that the droplets have a critical electric field strength. When the electric field strength of
the electric field exceeds the necessary electric field strength, the droplets may break up
within a certain period. Lac et al. [22] studied the deformation and stability of viscous
droplets under the action of a uniform electric field using the boundary integral method
and analysed the breaking law of emulsion droplets using a dimensionless method. Ha
etal. [23,24] studied the effect of non-ionic surfactants on droplet deformation and breakage
under the action of an electric field and compared the experimental results with Taylor’s
theoretical calculation results.

However, the research on the behaviour and influencing factors of emulsion droplets
under an electric field is mainly focused on the macro level, and there is a lack of research
on the microscopic mechanism. The dissipative particle dynamics method (DPD) was
proposed by Hoogerbrugge and Koelman [25] based on the molecular simulation method
to treat molecules or molecular clusters as coarse beads to simplify the difficulty and
amount of calculations. The DPD method replaces the polymer chain with a coarse bead
necklace model. Each coarse bead represents a collection of atoms or molecules [26]. The
motion behaviour of all the coarse beads in the system follows the Newtonian equation of
motion. Various researchers consider this method a simple and effective simulation method
from a mesoscopic perspective.

Espanol et al. [26] optimized the method by finding that the dissipation force and
random force strength in the DPD method satisfied the fluctuation theory. Groot and
Warren [27] used the Flory—-Huggins mean field theory to propose an effective method for
calculating the conservative force parameters in the DPD method. The DPD simulation
method has been widely used in various oil /water/surfactant systems, and it has broad
prospects in terms of studying the influence of copolymers on emulsion systems.

This work uses the DPD method to numerically study emulsion droplets’ breaking
behaviour from a mesoscopic perspective under an electric field’s action. The influences of
various factors on the emulsion droplet behaviours are analysed, and the critical electric
field formula of droplet breakage with different diameters is established.

2. Mathematical Model
2.1. Dissipative Particle Dynamics Method
Dissipative Particle Dynamics Theory

The movement of the coarse beads follows the Newtonian equation of motion. The
Newtonian equation of motion is as follows:

- d?’i

v = rm 1)
> dy;
fi=m_r (2)

where 1; is the location of coarse beads i, v; is the velocity vector of coarse beads 7, and f; is
the resultant force received by the coarse beads i.
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The resultant force received by the coarse beads can be expressed as the sum of the
conservative force, dissipation force, random force, and external force of other coarse beads
in the range of action [28], as shown in the following formula:

fi= Y (ff,? +fF i+ ff) ®)

- = -

where i]C, iljj ,and fllf are the conservative force, dissipation force, and random force of

o
coarse beads j to coarse beads i and fF is the external force received by the coarse beads i.

In this work, the external force received by the coarse beads can be divided into the
electric field force of a charged particle by an external electric field, the electric field force of
a charged particle by other charged particles, and the gravitational force of the particle, as
shown in the following formula:

—

ff= El+2 f22+fﬁ-G (4)
1 Ji i;ﬁj 1] 1

- =
where fF1, fC are the electric field force of charged coarse beads i by an external electric

5
field and the gravitational force of the coarse beads I and fl.‘]E,Z is the electric field force of the
charged coarse beads j on the charged coarse beads i.

The conservative force experienced by coarse beads is a soft interaction force, which
differs from the Lennar—Jones interaction potential in molecular simulation. The strength
of the conservative force is defined by the average field of particle fluctuation motion in a
short time interval, and it is inversely proportional to the distance between the bead size
and coarse particles. The calculation formula is as follows:

5 —
|27
ij ij re ijs

—
1’1‘]'

<rc (5)

where 4;; is the interaction parameter of component j in component i, representing the
magnitude of the interaction force between the coarse beads. When the degree of coarsening
of the DPD system is the same, if the coarse beads i and j are the same kind of coarse beads,
the value remains consistent. If the coarse beads i and j are heterogeneous coarse beads, the

value can be calculated by the Flory-Huggins parameter; 77] is the distance from the coarse
bead i to the coarse bead j, and r¢ is the cut-off radius of the coarse bead calculated by the
force.

In the DPD system, a physical quantity is generally defined as the degree of coarse-
graining, and its physical meaning is the number of water molecules contained in coarse
beads representing water. The closer the degree of coarse-graining is to 1, the more accurate
the calculation result of the DPD system is. The study found that the calculation result
of the DPD system is more accurate when the degree of coarse-graining is below 5 and
the degree of coarse-graining is set to 3 to reflect the advantages of the DPD method.
When the coarse-graining is constant, since the system pressure has a minor influence on
the interaction parameters, the influence of the system pressure and temperature on the
interaction parameters can be simplified as:

xij(T)
n

a;j(T) = a;;(T) + (6)
where a;;(T) is the interaction parameter of the system pressure and temperature. When the
degree of coarsening is 3, a;;(T) = 25.0; x;;(T) is the Flory-Huggins parameter of component
i and component j, which can usually be obtained by the mixing energy method, solubility
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parameter method, and experimental method, and n is the correction coefficient, equal to
0.286 when the degree of coarse-graining is 3.

In this work, the method for obtaining the Flory-Huggins parameters is the solubility
parameter method. According to this method, the Flory-Huggins parameters x;; at a
specific temperature can be obtained by calculating the solubility parameters of substances
iand j in the mixed system:

) = G5O, -

where 6;(T) and 6;(T) are the solubility parameters of the coarse beads i and j at temperature
T, respectively, and R is the gas constant. This method of calculating the Flory—-Huggins
parameters by calculating the solubility parameters has been proven by scholars to be
feasible, and it has been widely used in the calculation of liquid-liquid interfacial tension.
The solubility parameters of the coarse beads in this article are obtained by calculating
the cohesive energy density of the software Materials Studio. The relationship between the
solubility parameter and the cohesive energy density is shown in the following formula:

E., [AH™P —RT
N ®
1 1

where E,, is the cohesive energy of the system, V! is the volume of the system, and AH"*
is the evaporation enthalpy of the calculated component. The solubility of the component
is calculated by this formula, and the Flory—-Huggins parameters of the two different
components are calculated according to Formula (7) so that the interaction coefficient of the
two different components of coarse beads can be calculated according to Formula (6).

In Equation (3), in addition to the conservative force and the external force, the other
two forces, the dissipative force and the random force, are calculated as follows:

e — — 1?
ff = —yw® (%"ﬁj) = ©)
Ti]'
—I){ R 9 —
fz/ = 0w 77‘1']‘ (10)

VAt

where wP and wR are the dissipation force coefficient and the random force coefficient,
respectively. The random force coefficient is generally taken as 3.0, and the dissipation

force coefficient and the random force coefficient satisfy © — 2KT, where k is Boltzmann's
constant. For the convenience of calculation, kT is dimensionless in the calculation, that is,
kT = 1. At this time, 7y = 4.5; wP and wX are the weight coefficient of dissipation force [29]
— =

and the weight coefficient of random force, wP = (1- @)2, wlk=1-— ‘%" ; and ZJ_;] is the
speed difference between coarse beads i and coarse beads j. 0 is a random number ranging
from 0 to 1. At is the time step. The control of dissipation force and random force satisfies
the fluctuation—dissipation theorem. Applying random force and dissipation force to the
system with appropriate time steps can maintain the system at a constant temperature for a
long time to solve accurate fluid mechanics equations.

In this work, because the horizontal section is selected to analyse the movement of
the emulsion droplets, the influence of gravity is not considered. The electric field force of
the charged coarse beads and the electrostatic force of other charged coarse beads can be

calculated as follows: .

fF = qiE, (11)
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2 _ 44 Tij
) 478,08 ‘7‘3
ij

(12)

where g; and g; are the charges of the coarse beads i and the coarse beads j; Ey is the electric
field strength of the electric field; ¢, is the relative permittivity of the oil phase, where, if
there are no impurities, the value ranges from 1.5 to 4 according to different types of crude
oil; and ¢ is the relative permittivity of the vacuum, 8.854187817 x 10712 Fm~1.

Assuming that the particle number density per unit area of the calculation domain is
p, the amount of polarization charge generated by a single particle on the surface of the
droplet can be expressed as:

{(8r2 —Degs — (er2 — 1)50$}
qi=— 5 cos i Eq (13)

where ¢,1 is the relative permittivity of the water phase, the relative permittivity of tap
water is used, and the value is 80; «; is the angle between the straight line from the coarse
bead i to the droplet centre and the direction of the electric field.

2.2. Numerical Integration Method

In the theoretical system of DPD, there are some difficulties in the integral algorithm
of the equation of motion: firstly, the random force causes irreversibility in the calculation
process; secondly, the direction of the dissipative force is opposite to the direction of the
relative motion between the particles, but its magnitude is proportional to the relative
velocity between the particles, which makes the algorithm difficult to carry out. Because of
the above two points, this research uses Groot and Warren’s Velocity-Verlet algorithm for
numerical integration [25]. The integral equation is shown as follows:

ri(E+ At) = 1;(t) + Atoi(t) + %(At)ZZ(t) (14)
it + D) = 0)(E) + AALF (1) (15)

Fi(t+ AL = fi(ri(t+ ALY, ry(t + AD)) (16)
G+ ar) = 5(0) + 38t (i) + i+ 80) (17)

Due to the existence of random forces, the results obtained in this paper are the average
values of 4-5 sets of data obtained by calculation and simulation.

2.3. Boundary Conditions and Initial Conditions

In order to reduce the difficulty of calculation and the uncertainty caused by random
forces, this paper assumes that all particles are in a stable state at the initial moment. That
is, the initial velocity field and the initial acceleration field of all DPD coarse beads are
zero fields.

At the same time, in the process of computer simulation calculation, simulation can
only be carried out in a limited area; the calculation area cannot be infinite, and its system
has significant boundary limitations. In a limited area, particles will touch the system’s
boundary and try to escape from the simulation area, which gradually increases the number
of particles on the boundary. However, only a tiny portion of the particles exists on the
boundary. This phenomenon is called the surface effect. To simulate the movement of
natural fluids and create a virtual infinite calculation area, this topic uses virtual mirroring
and rebound solid wall boundary conditions to eliminate the influence of surface effects in
DPD simulation.
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The virtual mirroring method refers to the realization of an approximately infinite
calculation area by mirroring the distribution of coarse beads in the calculation domain to
the position of the neighbourhood of the calculation domain. At the same time, the purpose
of reducing the amount of calculation is realized, as shown in Figure 1.
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Figure 1. Virtual mirror method.

By “freezing” the particles, Revenga et al. [30] used the boundary fluid particles in
a part of the calculation area as solid-wall particles. At present, many studies involving
solid walls have adopted this boundary condition. The “frozen” solid wall particles not
only cannot move, but also have the same flow characteristics as ordinary particles and can
generate force like other particles. In addition, since, in the DPD system, the conservative
force between particles is “soft”, the solid-walled particles cannot prevent the internal
particles from crossing. This topic uses the Maxwellian rebound method to bounce the
particles back to the calculation area. The fluid particle velocity obtained by the Maxwellian
rebound method obeys the Maxwellian rebound distribution centred on the wall velocity,
and when the thermal disturbance of the system is relatively large, the particle motion slips
on the boundary. In this subject, the speed after slipping is simplified to 65% of the original
speed, as shown in Figure 2.

r;(t)

v; (t + At)
7 it + AD)|=0.85|v;' (t + At)|

/)

v;'(t + At)\ i (t + At)

Figure 2. Maxwellian rebound method.

3. Simulation Condition
3.1. Physical Model and Validity Verification

The geometric model is shown in Figure 3, and the fluid calculation domain is
14rc x 14rc. rc is the range of action of coarse beads or the cut-off radius, and its size
changes accordingly with the size of the emulsion droplets. Based on the calculation model,
the coarse beads are classified according to the type and force of the coarse beads. There
are three types: continuous-phase (oil-phase) coarse beads, discrete-phase (water-phase)
surface coarse beads that are polarized to generate polarization charges, and discrete-phase
(water-phase) internal coarse beads.
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Figure 3. Schematic diagram of physical model.

The conservative force parameters of the oil-water two-phase were first calculated
using molecular simulation software, and then the force and deformation movement
process of the emulsion droplets were analysed using Matlab programming (9.14.0.2206163,
R2023a). The specific calculation steps are shown in Figure 4.

Define coarse beads

l Calculate the interaction

Calculate conservative force B force parameters between
parameters between coarse beads | phases according to
l Flory-Huggins theory

Set up the simulation environment
(time step, system temperature,
electric field strength, set time, efc.)

!

Calculate the force of coarse beads

|

Calculate the displacement and
position of coarse beads

!

Determine whether to correct the Repeat the Output
coarse beads that are close to or | calculation until _ and

beyond the boundary according to "] the simulation time | organize
the position of the coarse beads reaches the set time data

Figure 4. Schematic diagram of calculation steps.

For the current physical model, a reasonable initial particle spacing and an appropriate
spatial step size are conducive to saving calculation time and improving calculation accu-
racy. Based on three dimensionless initial particle spacings and four dimensionless time
steps, the model’s breaking time under the action of the electric field is compared, and the
results are shown in Figures 5 and 6. When the dimensionless initial particle spacing is 0.1
and the dimensionless time step is equal to 0.01, the calculation result is stable. Therefore,
the dimensionless initial particle spacing is selected as 0.1, and the dimensionless time step
is 0.01.
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Figure 5. Initial dimensionless coarse bead spacing verification.
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Figure 6. Dimensionless time step verification.

In order to verify the effectiveness of the simulation method, this work simulates the
deformation process of the emulsion droplets under a weak electric field and compares
the simulation results with the experimental results of Bin Li et al. [31]. In the model
validation, the experimental and simulation conditions were the same, as follows: electric
field strength E = 533 V. mm™!; droplet size D = 1.196 and 2.800 mm; electric field types:
sinusoidal, rectangular, and sawtooth; and interfacial tension of 0.025 N m L. Deionized
water was used as the dispersed phase, and sunflower oil was used as the continuous
phase. The experimental and simulation results are shown in Figure 7, and the relative
error expression is % = %W, where DR, and DRg are the experimental and
simulation results of droplet deformation degree, respectively. It can be seen that the
simulation results are in good agreement with the experimental results, and the maximum
error does not exceed 18%.
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Figure 7. Model validity verification.

3.2. Boundary Conditions and Simulation Settings

This work analyses various factors that affect emulsion droplets’ breaking and defor-
mation behaviour under an electric field. Influencing factors include system temperature,
oil phase type, oil phase conductive ion content, electric field strength, electric field fre-
quency, and emulsion droplet size. The parameters used in the simulation are listed in
Table 1.

Table 1. The main parameters of the calculation.

Phase Parameters Symbol Units Value
The relative permittivity &0 1.50, 1.75, 2.00, 2.25, 2.50, 2.75, 3.00, 3.25, 3.50, 3.75, 4.00
oil Density 0 kg/m3 0.84
! Conservative strength Qi 25.00
Random force strength o 4.50,4.75,5.00, 5.25, 5.50, 5.75, 6.00
The relative permittivity €9 78
; 3
Water Der.151ty o kg/m 0.98
Conservative strength a 25.00
Random force strength o 4.50,4.75, 5.00, 5.25, 5.50, 5.75, 6.00
Qil-Water Conservative strength ajj 76.12, 80.34, 84.56, 88.78, 92.99, 97.21, 101.43, 105.65, 109.87
Electric field type Sinusoidal alternating current,
Electric field Ampht“‘fﬁtgrfl :f:;dnc field  p ' /em 25.0,27.5,30.0, 32.5, 35.0, 37.5, 40.0, 45.0, 50.0
Electric field frequency f hz 50, 100, 200, 500, 1000, 2000
Droplet Droplet size r mm 2.00, 2.25,2.50, 2.75, 3.00, 3.25, 3.50

4. Results and Discussion
4.1. The Deformation and Fragmentation Process of the Emulsion Droplet

According to Figure 8, the emulsion droplets under the action of the electric field
are divided into three stages. They are: (1) The charged coarse beads move under the
electrostatic force of the electric field, and the emulsion droplets are stretched and deformed
into long strips, as shown in Figure 8a—c. (2) During the emulsion droplet deformation
process, the density of the coarse beads becomes smaller, forming some depressions, as
shown in Figure 8d,e. (3) At the recessed position of the emulsion droplet, the droplet is
squeezed and deformed by conservative forces, and then ruptures, as shown in Figure 8f-h.
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Figure 8. Deformation and fragmentation process of emulsion droplets.

4.2. The Modification of the Agglomeration Kernel Function

Studies have shown that three main factors affect the deformation and breaking
behaviour of emulsion droplets under the action of an electric field: the physical properties
of oil and water, the external electric field, and the size of the emulsion droplets.

According to the idea of the DPD method, the oil-water properties of the deformation
and breaking behaviour of emulsion droplets under the electric field mainly include the
type of oil phase, the salt concentration in the oil phase, and the system temperature. In
this study, molecular simulations were performed to calculate the solubility parameters of
different oil phases and then to calculate different conservative force parameters to analyse
the influence of oil phase types on emulsion droplets” deformation and breaking behaviour
under the electric field. The concentration of salts in the oil phase mainly affects the
relative permittivity of the oil phase, thereby affecting the polarization charge of the coarse
beads on the surface of the emulsion droplets. The influence of the system temperature
in DPD is more complicated. On the one hand, the temperature increase will affect the
solubility parameters of oil and water components obtained by molecular simulation and
the conservative force parameters.

On the other hand, temperature increases will aggravate molecular irregularities.
Thermal movement increases the random force intensity of the system. Therefore, to analyse
the influence of the system temperature on the deformation and breaking behaviour of
emulsion droplets, it is necessary to comprehensively consider the influence of the oil-phase
conservative force coefficient and the random force intensity of the system. This study
analyses the influence of the oil phase’s conservative force coefficient, the system random
force strength, and the oil phase’s relative permittivity.

The influence of the electric field on the deformation and breaking behaviour of emul-
sion droplets is analysed. The electric field is mainly a sinusoidal alternating current, and
the influence of the amplitude and frequency of the alternating current on emulsion droplets’
deformation and breaking behaviour is analysed. Due to the high frequency, the original
time step cannot fully calculate the motion details in a single cycle for high-frequency
sinusoidal alternating currents. Therefore, when analysing the influence of an electric
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field frequency greater than or equal to 1000 hz, this research carries out corresponding
decreasing time steps so that the time step in each cycle is not less than 200.

With the conservative force parameter increases between the different phases, the
breaking time of the emulsion droplets under the electric field decreases first and then
increases as shown in Figure 9. This is because the conservative force between the different
phases mainly plays two roles: one is to maintain the existing shape during the stretching
and deformation process of the emulsion droplets and hinder the deformation of the
emulsion droplets; the other is to squeeze the emulsion droplets during the crushing
stage to accelerate their breakup. When the conservative force parameter between the
different phases is small, increasing the conservative force between the different phases
will accelerate the squeezing of the emulsion droplets and cause them to break in a shorter
time. When the conservative force parameter between the different phases is increased to a
certain degree, it will hinder the emulsion droplets from stretching and deforming. The
breaking time will increase accordingly. The same trend also occurs on the curve of random
force intensity versus breaking time as shown in Figure 9. Since there is a specific equation
relationship between the strength of random force and the strength of dissipative force,
both must be analysed simultaneously. Increasing the strength of the random force and
dissipation force will cause the viscosity and interfacial tension of the emulsion droplets
to decrease, so it will accelerate the emulsion droplets” deformation and promote the
emulsion droplets’ breakage. However, excessive random force strength and dissipative
force strength will neutralize the effect of a part of the conservative force and slow down
the process of squeezing and breaking the emulsion droplets by the conservative force.
The relative permittivity of the oil phase represents the polarization properties of the oil
phase. The calculation method in this study assumes that the relative permittivity of the
dispersed phase water is much greater than that of the continuous phase. The increase in
the relative permittivity of the continuous phase (oil phase) within this range will increase
the surface polarization charge of the emulsion droplets, thereby reducing the breaking
time. However, as the relative permittivity of the oil phase increases, according to Equation
(13), the increase in the surface polarization charge of the emulsion droplets continues to
decrease. The increase rate of the oil phase’s relative permittivity decreases with the oil
phase’s relative permittivity and gradually tends to a specific value.

The electric field strength of the electric field will determine the breaking time of
the emulsion droplets, and the increase in the electric field’s electric field strength will
promote the emulsion droplets” deformation, thereby reducing the breaking time of the
emulsion droplets as shown in Figure 9. However, when the electric field intensity increases
to a particular value, the broken form of the emulsion droplets will change, which may
lead to an increase in the breaking time and one or more peaks. However, when the
electric field intensity exceeds this peak and continues to increase, the breaking time of
the emulsion droplets will continue to decrease. When the electric field is a sinusoidal
alternating current, increasing the frequency of the electric field will aggravate the vibration
of the emulsion droplets” deformation and reduce the emulsion droplets’ breaking time.
The degree of increasing the frequency of the electric field to reduce the breaking time of
emulsion droplets will gradually decrease with the frequency of the electric field.

As the size of the emulsion droplets increases, although the total polarized charge at the
interface position of the emulsion droplets increases, the stretch deformation phenomenon
is more likely to occur; however, due to the change in breaking form and the fact that the
breaking process of emulsion droplets requires more conservative force to squeeze, the
breaking time also increases.
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Figure 9. The influence of various factors on the breaking behaviour of the emulsion under

electric field.
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4.3. Determination of Critical Electric Field Strength

In this study, the influence of various factors on the breaking behaviour of emulsion
droplets under an electric field guides the actual production to promote or avoid breaking.
Therefore, it is necessary to find the critical electric field strength of the emulsion droplets.
When the electric field strength of the electric field is less than the critical electric field
strength, only deformation and coalescence will occur, but no breaking will occur; when
the electric field strength of the electric field is greater than the critical electric field, the
droplets will be broken after a period of deformation.

The critical electric field strength of the emulsion droplets under a steady-current
electric field is proportional to negative one-half of the droplet size, as shown in Equation
(18). Due to the limitations of the DPD method itself, it is unable to fully describe the details
of the molecular motion in the droplet. At the same time, the DPD method calculates the
critical electric field strength, which can only guarantee that the droplet will deform and
not break within the set time, and the droplets may still be broken outside the calculation
time. In summary, two correction coefficients, A and B, are added to the critical electric
field strength of the emulsion droplets under a steady-current electric field. A is the broken
parameter after correction of the limitations of the DPD method, and B is the critical electric
field intensity error due to the limitation of the simulation time, as shown in Equation (19):

E+2 20
E. = 18
‘ 3 e0e2(8% — ¢)ro (18)
E.=Arp 2 +B (19)

Figure 10 is a curve of the variation in the critical electric field intensity of the emulsion
droplets with the size of the emulsion droplets obtained by numerical simulation. It can
be seen that the critical electric field strength of the emulsion droplets and the size of
the emulsion droplets are approximately one-half power. At the same time, due to the
limitations of the DPD method and the simplified calculation process processing, there are
specific errors between the numerical simulation results and the theoretical results.

3.6

l — Relationship between critical electric
field intensity and droplet size
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Figure 10. Relationship between critical electric field intensity and droplet size.

The relationship curve between critical electric field intensity and droplet size is
as follows: :
E. = 63.254167) 2 4 0.09529 (20)
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5. Conclusions

This work uses the dissipative particle dynamics method to study the breaking and de-
formation process of fine emulsion droplets under a high-strength electric field, simplifying
the calculation and ensuring calculation accuracy. In addition, various factors influencing
the breaking time of emulsion droplets in the electric field are studied. Then, the critical
electric field strength of the emulsion droplets is calculated, and the fitting curve of the
critical electric field strength and the droplet size is obtained. It is summarized as follows:

(1) The breaking process of emulsion droplets under the action of an electric field is
divided into three stages: firstly, polarized charges are generated on the surface of
the emulsion droplets and the emulsion droplets are stretched and deformed under
the action of an electric field; secondly, during the stretching and deformation stage,
as the particles inside the droplet move, the density of the droplet portion decreases,
resulting in a particular area of depression; finally, the concave position is squeezed
by conservative force to break the emulsion droplets.

(2) The physical properties of oil and water, the electric field, and the size of the emulsion
droplets significantly affect the breaking time of emulsion droplets. For example,
as the conservative force parameter and the random force intensity increase, the
breaking of emulsion droplets first speeds up and then slows down; the breaking
time decreases with the increase in the relative permittivity of the oil phase and the
amplitude and frequency of the electric field; as the droplet size increases, the breaking
time also increases.

(3)  The critical electric field strength of the emulsion droplets was calculated. The results
show that the critical electric field strength of the emulsion droplets and the size of
the emulsion droplets were approximately minus one-half power, and due to the
limitations of the DPD method and the simplified processing of the calculation process,
specific corrections were made when fitting the numerical simulation results. The
fitting relationship is as in Equation (20).
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