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One field of study in microfluidics is the control, trapping, and separation of microparticles
suspended in fluid. In recent years, much research has been started in this field. Some of its
applications are related to cell handling, viruses, and bacteria detection, checking and
analyzing biological cells and DNA molecules, testing water quality, or checking impurities in
water. One of the new methods in this field is using Induced-charge electrokinetic phenomena
(ICEK) and dielectrophoresis force. In the Induced-charge electrokinetic phenomena, the
property of polarization of a conductive surface located in an electric field causes vortices to
be created on the conductive plate in the fluid. This conductive plate is called a floating
electrode. In the present study, considering the Induced-charge electrokinetic phenomena,
the dielectrophoresis force, and creating an outlet on the roof of the microchannel at the place
where two vortices of the ICEK phenomenon meet (secondary outlet), the microparticles
inside the fluid are separated in the desired ratio. The separation is such that after the
microparticles reach the floating electrode, they are trapped in the ICEK flow vortex and
separated through a secondary channel, which is placed crosswise and non-coplanar above
the main channel. In the present study, yeast microparticles are suspended in a KCl electrolyte
solution and injected into the microchannel by a syringe pump. The arbitrary adjustment of
the percentage of conduction and separation of microparticles towards the secondary outlet
by adjusting the parameters of the applied voltage and fluid inlet velocity to the microchip is
one of the innovations of the present study. In the simulation results, we observed that for
input velocities (20-120) (um)/s, respectively, with applied voltages (150-330) V (to create
an electric field in the floating electrode), 100% of the particles can be directed towards the
secondary-outlet, and separated. To validate the simulation results, the results obtained from
the simulation method of the present study have been compared with the results of previous
works.
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1. Introduction

The Development of science in micro and nano

research in recent years. Some of its applications are
cell, virus, and bacteria handling or detection,
examining and analyzing biological cells and DNA

fluids is progressing rapidly due to its basic
applications. One area of study is the control, trapping,
separating and directing of micro/nanoparticles
suspended in fluid, which has been the subject of much
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molecules, assembling nano and microparticles to
make equipment in these dimensions, testing water
quality [1], and so on.
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In this field, several techniques/methods are
applied, such as optical tweening, electrophoresis, and
dielectrophoresis. Most of the studies in this field have
been done with these methods. However, each of these
methods has its limitations. The optical tweening
method is the most common method of trapping
individual particles [2], but it requires expensive and
advanced laser equipment [3]. The electrophoresis
method can only be used to move electrically charged
particles [4].

The dielectrophoresis method can be used to
separate and trap particles [5]. In this method, the
electrodes are designed in such a way that they create
a non-uniform electric field, and this field creates a
dielectrophoresis force. This method is being
developed, and new ideas are being introduced, the
amount of dielectrophoresis force changes drastically
with the change of electrical properties, shape, and size
of particles. This issue can limit the use of
dielectrophoresis force. Sometimes, the combination
of the mentioned factors makes it necessary to apply
high voltage and frequency to the electrodes to create
enough force to affect the particles, which will destroy
living cells [6, 32].

In the present work, the Induced-charge
electrokinetic phenomena method on the polarizable
conductive plate (floating electrode) is used to guide
the particles toward the secondary channel. The
Induced-charge electrokinetic phenomena method is a
new tool in nano and micro fluids to trap or separate
particles [7].

A conductive plate, which can be polarized, created
this phenomenon [8]. In the ICEK phenomenon, the
conductive plate is located in an external electric field.
By creating an electric double layer by dissolved ions
that are in contact with the surface of the floating
electrode, the Induced-charge electrokinetic
phenomena occur and create vortices on the surface of
the electrode. The charge amount of the conductive
surface or zeta potential can be adjusted by changing
the external electric field. According to the classical
Helmholtz-Smoluchowski  formula, particle/fluid
velocity induction is non-linearly and directly
dependent on the external electric field. A typical
application for this method is to mix fluids in micro-
dimensions. Other applications of this method include
water quality testing, micro flow control, electrolyte
demixing, micro pumps, and nano and micro fluid
regulation to control ion transfer, such as rectifier flow
[9]. Other new applications include particle separation,
transport, trapping, and concentration. It is also used
to examine cells [11, 10], viruses [12], and other
microscopic organisms [13]. This method can also be
used to manufacture nano and micro equipment [14].

Applying this method is straightforward because
the fluid flow is created using two external electrodes
at both ends of the microchannel that create an
electrical field. These electrodes are called driver

electrodes. Created fluid flow can be used from
electroosmotic flow, an external pump or a syringe.

Although certain techniques are employed to
improve the mixing or trapping of particles, etc. in
Microfluidic systems, they may lead to a rise in solution
temperature or apply a rise in the electrical field.
Consequently, such methods are unsuitable for
biological purposes since certain biological samples
are highly susceptible to temperature changes. method
of the present study decreases these cases [14,35,37].

In 2018, Zhao and Yang were able to trap suspended
particles in the electrolyte solution by combining AC
and DC electric fields in a microchannel with a
conducting strip that can be polarized [15]. In 2013,
Shao and Liu et al. created gold nanowires inside an
electrolyte solution by using the chain effect in gold
nanoparticles [16].In 2016, Ren and Wu et al. designed
a microchip to trap particles or cells individually on
floating electrodes using the ICEO phenomenon [17].
In 2015, Ren, Liuy, and Jia et al. developed a method to
control the location of particle concentration on a
floating electrode. In their method, the concentration
of the particles is controlled on the surface of the
electrode by adjusting the amount of potential applied
to the floating electrode [18].In 2016, Ren, Liu, and Tao
et al. presented a method for particle concentration,
that by using the vortices created on the floating
electrode in the ICEO phenomenon, the particles
trapped in the direction of the fluid flow and the center
line of the electrode [19]. In 2016, Ren and Liu et al.
presented a method that separated a stream of
particles at the desired ratio after trapping the
particles in the center line of the microchannel along
the fluid flow [20]. In 2016, Li and Song et al. presented
a method; that particles concentrated in a limited area
after passing through two ICEO vortices created on two
floating electrodes facing each other [21]. In 2018,
Zhao and Yang trapped nano-particles and micro-
particles inside a continuous flow on the end edge of a
floating electrode [22]. In 2017, Chen et al.,, by using
floating electrodes in the direction of the microchannel
and on its bottom, using ICEK vortices, concentrated
the particles in the center line of the microchannel and
then with the electrodes that were attached to it using
dielectrophoresis force. First, microparticles deviated
to the left or right wall of the microchannel then the
particles were diverted to one of the desired outlets at
its end [1]. In 2013, Din et al. created chains of
nanoparticles by using the ICEK phenomenon and
rhomboid floating electrodes and using high
frequencies in driver electrodes [23]. In 2019, Chen
and colleagues separated two different types of
particles from the two outlets at the end of the
microchannel by using the vortices created in the
Induced-charge electrokinetic phenomena and
asymmetric electrodes embedded in the direction of
the fluid flow and on the bottom of the microchannel
[24].
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In 2021, Nazari and colleagues designed an
electroosmotic micro pump using an electric field
gradient and asymmetric microelectrodes [25]. Also, in
2020, they were able to design a microchip to produce
micro drops in a microchannel using a proportional-
integral-derivative controller with the ability to adjust
the flow rate of micro drops [26]. In 2022, Tavari,
Nazari and colleagues discussed Different
electrokinetic mechanisms implemented in
electrohydrodynamic-, electroosmosis-,
electrothermal, electrophoresis and dielectrophoresis-
based micro pumps [30]. In 2022, Tavari, Nazari and
colleagues optimized the geometrical parameters of
electrodes, such as the width and height of steps on
each base electrode and their location in one pair, the
size of each base electrode (symmetric or asymmetric),
and the gap of electrode pairs [31]. In 2022, Nazari M
and colleagues showed that the mixing efficiency can
be enhanced significantly as a micro-mixer with
conductive mixing-enclosure is employed [32]. In
2020, Nazari M and colleagues simulated an induced-
charge electrokinetic micro-mixer with a flexible
conductive plate, they showed that the vortices created
around the flexible plate are larger than the vortices of
the non-flexible plate due to plate deformation [33]. In
2011, Daghighi Y and colleagues studied the transient
induced-charge electrophoretic (ICEP) motion of a
Janus particle in a microchannel. In their, effects of the
applied electric field, size of the particle, and zeta
potential of the non-polarizable part on the motion of
Janus particle are also studied [34]. In 2022, Nazari M
and colleagues numerically studied an electrokinetic
micro-mixer with an inductive load. They performed a
comprehensive geometrical study on this micro-mixer
and investigated the effects of various parameters [35].
In 2017, Azimi S and colleagues studied a micro-mixer
based on the continuous deformation of a flexible
conductive link. Since this link is conductive, once the
electric field is applied, vortices form around the link.
Applying a time-varying DC electric field causes
variation in the applied forces to the link; thus, the link
will swipe the channel and acts as a micro-stirrer to
enhance mixing results [36]. In 2020, Nazari M and
colleagues proposed a new design of an electrokinetic
micro-mixer with an inductive load that had a mixing
chamber with conductive surfaces. In their study, the
effects of conductive edges, mixing-chamber size, and
electric field strength on the mixing process and mass
transfer are investigated [37].

In the present study, a microchip was designed that
can the microparticles trapped and directed to a
secondary outlet by the vortices of the ICEK
phenomenon. Considering that the rotation of both
vortices is opposite to each other and the location of
the selected outlet is in the area where the two vortices
collide, the microparticles are directed to that area.
Adjusting the inlet velocity and the applied voltage
allows a desired percentage of the particles to be

directed and separated in the direction of the
secondary outlet. This adjustable separation using a
simple microchip design is one of the innovations of
this study.

2. Theory and Mathematical Model

2.1. Electric Field and Fluid Flow Equations

The governing equation for AC electric potential can
be derived from Maxwell's equations. The subscript f
corresponds to the fluid, and the subscript p
corresponds to the particle.

v.(6V¢)=0  influid (1)
. (ép V(ﬁ) =0 in the space inside the particle (2)

Complex electric potential (¢) and complex relative
permittivity (&) are shown below.

¢ = pX)et (3)
.Op

g = —_]— 4

== (4)
(o

~ . f

€f = €f ]_w (5)

in the above equations, ¢ is the permittivity coefficient,
o is the electrical conductivity, and w is the angular
frequency, which has a linear relationship with the
frequency as w = 2nf. At low frequencies, electrical
conductivity plays a dominant role, and at high
frequencies, permittivity plays a dominant role.

The electric field E in the system is calculated by the
following equation [21, 19].

[So 1}

=-Vy (6)

In viscous and unsteady fluid flow for an
incompressible and Newtonian fluid in a laminar state,
Continuity and Navier-Stokes equations are used,
which are expressed as follows [21, 19].
in fluid

o - S
p [E + @MU =—-VP+uVu + fg (7

V.i=0 influid (8)

in the mentioned equations, p is the fluid density,u is
the fluid velocity, P is fluid pressure, u is dynamic fluid
viscosity, and fp is volumetric fluid force.

2.2. Calculation of Dielectrophoresis Force
Using Point Dipole Method

In this method, the particles are assumed to be point
dipole spheres. This method calculates the
dielectrophoresis force for DC electrical current in the
following equation [19].

Fpep = 2mefR3Re(foy). V(E.E) 9)
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fem = e (10)

in the above relations, R is the particle radius, and f¢y
is the Clausius-Mossotti factor. If the real part of the
Clausius-Mossotti factor is positive, the particle moves
towards the stronger electric field. The
dielectrophoresis force created is called the positive
dielectrophoresis force. Nevertheless, if the real part of
the Clausius-Mossotti factor is negative, the particle
moves towards the weaker electric field, and a negative
dielectrophoresis force is created. If the applied field is
an AC field, the dielectrophoresis force is expressed as
a time average [18, 19, 27].

(Fpep) = 2merR3Re(fou). V (Eo. Eo) (11)

2.3. Equations Related to Induced-Charge
Electrokinetic Phenomena

By applying a voltage to the driving electrode, ions

accumulate on the border of the floating electrode with
the electrolyte solution. This layer created from ions is
called an induced double layer?!. After the passage of a
specific time, called the characteristic RC time scale
and expressed by the relation (12), the double layer's
surface capacity is charged [18].
T = U(I—Cfa) = &7 /o p(1 +6) (12)
7 is the size characteristic of the shape, and in this
study, it is equal to 0.195L. Here, L is the dimension of
the electrode along the channel. This double layer of
ions has Debye length, which is expressed by the
relation (13). The characteristic frequency of the time
scale is also expressed by the relation (14) [19, 18].

Ap =+/De/o (13)

o(1+8)
fRC—average = ﬁ (14)

D is ionic diffusivity expressed in the m? /s unit,  is the
conductivity of the electrolyte, and ¢ is electrolyte
permittivity or the fluid's ability to store electrical
energy in an electric field. This double layer makes the
surface of the floating electrode act like a complete
electric field insulator. The change in the angle of the
electric field on the floating electrode creates two
vortices by applying force on the ions; the opposition
of these vortices creates a region suitable for trapping
particles [23, 19].

The conductivity of electrolyte fluid was assumed to
be homogeneous; the governing equation of the

1 IDL

electric field is simplified from equation (6) to
Laplace's equation.

V2 =0 (15)

If the electric field alternates with frequency w,
@ = Acos(wt + 0), the range of charging capacity of
the double layer is obtained by the relation (16)
[23,19].

C _
o(n.Vp) = jw(le(S) ((/3 - Vo) (16)

in this equation, V, is the surface potential of the
floating electrode and @ is the potential of the
electrolyte fluid at the outer boundary of the double
layer. n is the unit normal vector from the electrode to

the outside (fluid). Also, Cy = (1C+d¢3) the interfacial total

capacitance is the ratio of the diffuse layer C; = £/,
to the stern layer near the surface Cs = 0.2 F/m?2. As a
result, the surface physical capacitance is equal to § =

Cq/Cs.

After obtaining the $ equation, in the second step to
solve the ICEO flow rate on the floating electrode, the
Navier-Stokes equations related to the creeping flow
and the continuity equation were put into the
Helmholtz-Smoluchowski equation and the equation
(17) was obtained [15, 26, 20].

- - 1 &~ ok
(usup) =~ (CEe) = —-5 Re({E:)

. (17)

= AT ((6-70)(E—Enn))

Which { = (ﬁ’;g) is called induced zeta potential.

The symbol ( ) is the time average value for the
alternating field. The sign Re(...) means the real part of
the parameter inside the parenthesis. The star is also a
complex conjugate operator [18, 23, 19].

The non-slip boundary condition is established on
both surfaces of the electrodes on the sides of the
floating electrode (with potential V and ground) and
other insulation boundaries. Boundary conditions
related to electrical equations are as follows.

P=9 at the electrode surface (18)

n.(Vg)=0 In insulating surfaces (19)
in the above equation, 7 is a vector perpendicular to
the surface.

The continuity of electric potential and vertical flux
of electric field density at the common boundary of
particle and fluid is expressed as follows [19].
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Pp = @5 (20)
0Py Py
T AT (21)

2.4. Movement of Particles

The transfer speed of particles is expressed
according to Newton's second law.

di,

my F = Fnet (22)

m,, is the particle's mass, and ﬁnetp is the force applied
to the particle, expressed by the equation (23).

Foetp = f G, - ndl (23)
I' is the particle's surface, and o'p is the stress tensor
applied to it, expressed according to equation (24).

6, = —pl + u[Vi + (VW)"] (24)

in the above equation, [ is the unit stress tensor of the
second order [21].

For spherical particles, the rotation term does not
affect the concentration and direction of the particles,
and these three equations (23) to (25) are used to
describe the movement of particles. Nevertheless, if
the particles are non-spherical, the rotation equations
should also be used.

Equation (26) expresses the rotational speed of the
particles.
dwp = fnet

I (25)

P ot
I,, is the moment of inertia of the particle, and Tnetp is
the total torque applied to the particle and is defined
by the following equation [16].

Tty = f (s — 2,) (6, - 7)dr

The following equations determine the location of
the particle.

(26)

t

5 5 -

Xp = Xpo +f u,dt
0

(27)

t
8, = 6,0 +f @ydt
0

(28)

Xpo, and 67,,0 are the initial location and angle of the
initial placement of the particle, respectively [21].

outlet 1 ”

3. Materials and Methods

3.1. Chip Design

A microchip is designed to guide microparticles
inside the electrolyte fluid using the induced-charge
electrokinetic phenomena and accounting for the
dielectrophoresis force, as shown in Figure 1.

A microchannel with dimensions of 1000 X 100 pm
is created. Then, three electrodes are placed
microchannel. The first electrode, at the inlet
microchannel, has a potential of V. The middle
electrode, with a width of 250 pm, which is polarized
by the applied electric field, is called a floating
electrode and causes the vortices of the induced
electrokinetic phenomenon. This electrode is placed in
the middle of the distance between the two
surrounding electrodes.

Moreover, the end electrode is located at the main
outlet and has ground potential. From above the
floating electrode, a secondary outlet with a width of
10 pm is designed (Figure 1). This outlet is responsible
for separating and directing particles from the flow
inside the main channel. The electrodes around the
floating electrode with V and zero voltage that provide
the electric field necessary for the floating electrode to
be polarized are called driver electrodes.

The dimensions of the electrodes are shown in
Figure 1. When the floating electrode is polarized, a
double layer of ions is created on its surface, and ICEK
vortices are formed. Electrolyte fluid containing
microparticles is injected into the microchip with a
syringe pump.

Figures 1 show the inlet and outlets from the
beginning and end of the main channel and an output
from above of floating electrode.

The electrolyte fluid used is KCL aqueous solution
with electrical conductivity ¢ = 0.001S, with relative
permittivity equal to 80, and yeast cell particles with a
diameter of 1 micrometers are used as microparticles.

In driver electrodes, V volts are applied to the
primary electrode, and the end electrode is considered
the ground. The generated electric field polarizes the
floating electrode. The fluid flow enters the
microchannel with a velocity of %. In the present study,
the effect of changes in input velocity (i) and voltage
(V) on the percentage of particles directed to the
secondary oulet has been investigated.

wall

inlet
W=100 (pum)

float electrode , L=250(pm)

10(pm)

outlet 2

wall

1cm

Figure 1. Microchannel design: Dimensions of the channel, the floating electrode and the outlet 1 location
for particle trapping., placement of electrodes, and location of input and outlets
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4. Results and Discussion

4.1. Numerical Solution Results

The microchannel design for simulation is shown in
Figure 1. The characteristics of particles and fluid are
specified in the previous section (Steps and how to
perform the test). When the particles reach the
vortices on the floating electrode, if the strength (size)
of the vortices is greater than the inertia of the
movement of the particles, they are directed to the
secondary outlet. However, If the kinetic inertia or
speed of the particles is greater than the power of the
vortices to trap them, the particles will pass through
the main outlet (Figure 2). As shown in Figure 3, a
certain percentage of particles are directed into the
secondary channel for each input voltage and inlet
velocity. According to the contour shown, the desired
percentage of particle separation can be reached by
adjusting the input voltage and inlet velocity. Also,
increasing the value of the input voltage (or decreasing
the inlet velocity) leads to the dominance of the
vortices. It increases the probability of trapping
particles in the secondary outlet (Figures 4 and 5). The
simulation is done by existing software. The equations
used in three sections are 1- fluid flow equations, 2-
electrical equations and 3- particle tracing to solve the
movement path of microparticles inside the fluid. Fluid
flow and electric field equations are done according to
the equations mentioned in section 2.1, and
dielectrophoresis force equations are done according
to the equations of section 2.2. The electrical boundary
condition on the floating electrode is based on
equation 16 and the boundary condition related to the
fluid flow section in the floating electrode is based on
equation 17. The fluid flow is obtained by applying the
boundary conditions and governing equations and is
calculated using the equations of section 2.4 of the
movement of microparticles in the fluid. Also, Figure 9
shows the governing equations and boundary
conditions on the microchip schematicConclusion may
review the main points of the author work. Also, it
could include application of proposed method and
suggestion for feature research.

Trapping of Particles (percent)
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Figure 3. Particle trapping percentage for the range of
voltage V = 20 — 330 V and inlet velocity % = 20 — 120 %
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Figure 4. Particle trapping percentage by changing the inlet
velocity at applied voltages of 110, 140, and 220 volts
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Figure 5. Particle trapping percentage by changing the
applied voltages at inlet velocities of 25, 60, and 80 %

Figure 2. Creation of ICEK vortices on the floating electrode and particle trajectories when i = 25 %
A)V=20V,B)V =50V, CQ)V =80V D)V =110V, andE)V =150V
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4.2. Validation of Numerical Solution

To ensure the correctness of the numerical solution
method of this study, first, some of the experiments or
simulations done in the previous articles are
re-simulated, and the results are compared. Figure 6A
shows the microchip design depicted in Song et al.'s
[21] article. Their test fluid is pure water with electrical
conductivity 6,, = 5.5uS/m. The width, height, and
length of the microchannel are 50 ym, 1100 pm, and
1 cm, respectively, and are made of PDMS, and the
length of the floating electrode is 250 um, made of
copper. The applied electric field is E = 200V /cm. The
value of the induced zeta potential on the surface of the
floating electrode in work done in the aforementioned
article has been compared with its values from the
simulation results of the numerical method of this
study. Figure 6B shows a good agreement (less than

il @

37

2%) between the present simulation results and the
article results.

Figure 7A shows the microchip design in the study
done by Ren et al. [18]. The length of the microchannel
is 3 mm, and the length of the floating electrode is
200 um. The electrodes are made of Indium Tin Oxide
and are placed in a glass substrate. The thickness of the
electrodes is 220 nm with a resistance of 6.5-6.8 ohms.
Its ability to store electrical energy (permittivity) is
equal to £ = 7.08 x 1071° F /m. The aqueous solution
of KCL electrolyte has electrical conductivity 6,, =
0.0008 S/m. In Figure 7B, the value of the velocity of
the fluid on the electrode surface (as a result of the
ICEK phenomenon), extracted from the results in the
article mentioned above, is compared with the
numerical solution of the present study. Here, too,
there is a good agreement (with an error of less than
2%) between the results.

E = 200 V/icm

wall (PDMS)

linlet

Le=250 ym

Metal plate

outlet

wall (PDMS)

LN LR LEEEE RN ERRRE REERE LR

ZETA potentioal (V)

T

IR T [ '

Numerical Solution
—— Y.Song (2016)[21] |

X

R R V] D R Gt i T |

-100

0
X coordinate (um)

100

Figure 6. A) The microchip design in the article by Song et al.[21], B) Comparison of the induced zeta potential value
on the electrode surface in the article by Song et al.[21] and the present simulation (E, = 200V /cm)
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Figure 7. A) The microchip design of Ren et al.'s article [18], B) Comparison of the slip velocity value
on the electrode surface in Ren et al.'s article [18] with the simulation of the present study
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Figure 8A shows the microchannel design of Wu Z et
al.'s article [28, 29]. In Figures 8B and 8C, the values of
speed and zeta potential induced on the floating
electrode obtained from the numerical simulation
method of the current study are compared with the
results of the mentioned article. The length of the
microchannel is 20 mm, its width is 300 um, and the
floating electrode is a triangular surface with a base of
250 um and a height of 125 ym. The fluid used is an
aqueous solution of KCL electrolyte. The applied
electric field is E, = 25V /cm. As can be seen in this
figure, there is a good agreement (less than 10%)
between the results in the two cases mentioned.

According to the mentioned validations, the
numerical method used in the present study obtained
correct results which was used to carry out the
numerical simulation of the present study.

4.2.1. Investigating Grid Independence, Particle
Movement in Vortices, Equations, and
Boundary Conditions of Numerical Solution

To check the independence of the numerical
solution grid used in the present study, a comparison
of the movement path of a microparticle in the

Ghadamgahi et al. / JHMTR 10 (2023) 31 - 42

microchannel when the number of grids is changed has
been used. The optimal grid to use in the numerical
solution is the smallest number of grids in case the
results do not change with increasing the number of
grids.

Figure 10 shows the movement path of particles in
the microchannel with a different number of grids.
These results were obtained for the design shown in
Figure 1 at a voltage of 80 V and an input speed of 25
m
=

In this case, KCL electrolyte fluid, polystyrene
microparticles, and their diameter of 1 pm are
considered. The dimensions of the channel and the
floating electrode are shown in Figure 1, and the
boundary conditions and equations of the problem are
shown in Figure 9. Outlet 1 is for trapping particles.

As shown in Figure 10, the results for grid number
9011 have changed compared to the results for grid
number 38621, but the results for grid number 38621
are in perfect agreement with the results for grid
number 92950. Therefore, with the increase in the
number of the grid, no change has been made in the
results.
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Figure 8. A) microchip design of the study done in reference [28], B) comparison of induced zeta potential values,
C) comparison of the slip velocity on the floating electrode of the current
numerical solution with reference [28] (E, = 25V /cm)
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Figure 10. Variations of the particle's trajectory based on the number of different computational grids

for the voltage of 80 VV and the inlet velocity of 25 %

The electrical boundary conditions are applied at \Y Voltage v
the input voltage V and zero voltage at the output; the Pressure Pa
condition of equation (16) is also considered on the

. . . fs Body force N/ 3
floating electrode, which causes eddies of the ICEK m
phenomenon. The velocity condition for the floating Re Reynolds number
electrode is used from equation (17), and a constant I Unique tensor —_—
velocity condition is assumed at the input. The point of Fop Dielectrophoresis force N
appllca.tlon o.f the two outlet conditions is also Re(..) Reality part
according to Figure 9. .

n Normal vector E
5. Concluding remarks R radius m
Clausius-Mossoti factor e

As observed in the simulation results, the Jem o ,
microparticles are placed inside the vortices of the D bulk diffusivity m*/s
ICEK phenomenon. Considering that the rotation of Ca capacitance of diffuse layer F/m?
both vortices is opposite to each other and the location Cs capacitance of stern layer F/m?
of the secondary outlet is in the area where the two G interfacial total capacitance F/m?
vortices collide, the microparticles are directed to that m mass ke
area. By adjusting the inlet velocity and the applied _

. . 1 second-order unit tensor —
voltage, a percentage of the particles can be directed
and separated in the direction of the secondary outlet. I moment of inertial m*
This adjustable separation using a simple microchip T,,m, total torque acting on the particle N.m
design is one of tbe innovatiops of this study. ﬁnm total force acting on the particle N

In the simulation results, it was observed that for
input velocities (20-120) % with applied voltages Greek symbol
(150-330) V (to create an electric field in the floating symbol  name unit
electrode) and higher voltages, respectively, it was can ¢ zeta potential \%

. o :

:}(iedslre(zgtngr;fysspgz?te 100% of the particles towards IR Debye screening length m
utlet.

To validated the simulation results, the results € Relative permittivity F/m
obtained from the simulation method of the present £ Vacuum permittivity F/m
study have been compared with the results of previous o Electrical conductivity S/m
works. ) surface physical capacitance -

7] Electrical potential 14
Nomenclature

) Angular frequency Rad/s
symbol  name unit double layer relaxation time s
B Electric field V/m Gradient
X Location m Density kg/m3
t Time S r Surface particle -
u Velocity m/s
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Stress Tensor N/mz
Rotational velocity 1/s
orientation rad
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name unit
Particle E
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