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ABSTRACT

In recent years, separation of platelet from a blood cell received growing attention due to its usages for blood disorders 
or any disease treatment. However, the conventional separation techniques have some constraint due to its limitation to 
separate the cells with similar properties, costly, requires longer processing time, and less data accuracy. Thus, under the 
effect of a uniform electric field, a dielectrophoretic (DEP) force was applied as its ability to separate on a similar diameter 
size of cells, has lower cost, and requires only a small volume of sample. In this study, a 3D mini channel model with a 
Y-shape was developed using AutoCAD® and the velocity profile distribution was observed using ANSYS© Fluent version 
19.1. Three parameters were observed at various an electric field intensity; E=±1 to ±5 V/mm, an electric field frequency, 
f=1 kHz to 1 MHz and a particle diameter; d=1.3 to 2.0μm. The results show the velocity was increased as the higher 
of electric field intensity and larger particle diameter. Besides, the DEP force was increased as the higher electric field 
intensity was charged for all tested frequencies. As well, as the higher the electric field intensity charged and the larger the 
particle diameter, the stronger of the DEP force. It can be concluded that the DEP force at d=2.0μm and E=5 V/mm was 
the optimum conditions and obtained the highest result among all the tested parameters. Under these optimum conditions, 
it shows the DEP force can separate the platelet from the blood cells.
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INTRODUCTION

In general, human blood consists of a red blood cell, white 
blood cell, platelet and plasma. These blood cells can be 
separated to be used in various applications such as for 
treatment of blood diseases or any organ transplantation. 
The blood flows in a human body and has three purposes; 
transporting a gas, nutrients, hormone, heat and waste 
material throughout a human body. It also plays a crucial 
role in fighting against pathogens and to control a pH and 
water balance in the human body (WHO 2002). Also, the 
platelet has a function of promoting a blood clotting to 
avoid any blood loss. The platelet has several applications 
such as used in a common surgery for an organ transplant 
and trauma patient treatment (Kuhn et al. 2017). Also, 
blood cells and bone marrow are frequently used in 
regenerative treatment (Tomlinson et al. 2013). Thus, to 
fulfill the platelet’s demands in a medicine application, 
a cost involved, material’s purity and processing time 
are among the critical factors in selecting an appropriate 
separation technique (Hasan et al. 2005). Therefore, the 
efficacy and the cost-effective of the blood cell separation 
techniques play a vital role to provide such treatment to 
cure diseases. 

Hitherto, numerous techniques have been reported 
for the blood cell separation for example, using a 
centrifugation (Mattanovich et al. 2006), an affinity 
chromatography acoustic sorting, a fluorescence-
activated cell sorting (Md Ali et al. 2016), a magnetic-
activated cell sorting (Jung et al. 2018) and a centrifugal 
elutriation (Buyong et al. 2017; Shahrabi et al. 2018 and 
Chan et al. 2018). Until now, these techniques shown 
some constraint and weakness as it is less economic in a 
large scale and require an enormous amount of a sample 
to run the separation process as well unable to separate 
a cell with similar properties, requires a longer time to 
separate the cell and less data accuracy. 

Due to these limitations, an attractive blood cell 
separation under the influence of non-uniform electric field 
namely electrophoresis (EP) and dielectrophoresis (DEP) 
was introduced. This separation technique was preferred in 
this study as its compatibility to any conductivity solution 
and able to separate on the similar cells. Since 1950, 
Professor Pohl was applied to the DEP movement of a 
neutral particle under the influence of a non-uniform electric 
field (Pohl et al. 1978 & Pohl et al. 1978). The DEP force 
was generated to separate cells based on its sizes, and the net 
electric force will be acted on it to collect and unite the cells. 



250

Generally, the DEP force can be calculated by Equation (1) 
where d is a cell diameter, ω is an angular frequency, ε is 
a dielectric constant, ReK(ω) is a Clausius-Mossotti Factor 
and ∇E is electric field intensity.
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Furthermore, a design geometry of the mini channel 
needs to be considered to ensure the well-mixing efficiency 
will be achieved (Wang et al. 2002). The selection of the 
design geometry plays a significant factor in the mixing and 
separation process as it can increase the surface area contact 
for the ability of the fluids to provide complex molecular 
diffusion for efficacy well-mixing conditions. Typically, for 
the mixing and separation purpose, the Y-, T- and serpentine-
shape type’s channel was often used (Soleymani et al. 2008, 
Othman et al. 2012, Ait Mouheb et al. 2012, Othman et al. 
2013, Milozic et al. 2014, Othman et al. 2015 & Othman 
et al. 2018). The T-shape type is suitable for multiphase 
laminar flow regimes in the mixing channel (Soleymani et 
al. 2008 and Ait Mouheb et al. 2012) and the Y-shape type 
is shown as the simplest model as it can shorten the mixing 
time and achieved high mixing efficiency (Wong et al. 2004 
& Othman et al. 2015).

Thus, in this study, to observe the separation of the blood 
cell, a 3-dimensional (3D) mini channel was developed 
by using Autodesk AutoCAD® 2019 software. Moreover, 
the effect of DEP forces on the electric field intensity; E, 
frequency; f and particle diameter; d was studied. These 
parameters were manipulated to observe the movement 
of the blood cell under the influence of the DEP force. As 
well, the particle velocity profile along the mini channel was 
observed by using ANSYS© software. 

METHODOLOGY

A 3D model of the Y-shape mini channel was developed by 
using Autodesk AutoCAD® version 2019. Then, a simulation 
studied was conducted on the ANSYS© Fluent version 19.1. 
Firstly, a set of the study was run as a control set without 
applying any DEP force on the electrodes. Subsequent, three 
parameters which are an electric field intensity; E, electric 
field frequency; f and particle diameter; d are manipulated at 
E=1-5 V/mm, f=1 kHz-1 MHz and d=1.3-2.0μm to observe 
a movement of the blood cell in the mini channel as well 
to determine the effect of the DEP force on the blood cell 
separation.

DESIGN OF Y-SHAPE MINI CHANNEL MODEL

Figure 1 shows the 2D of the Y-shape mini channel which 
has five electrodes embedded in it. The mini channel has 
two inlets, inlet A and B on the left side and two outlets, 
outlet C and D on the right side. The blood cell was injected 

into the channel through the inlet A, while the phosphate 
buffer solution was injected through the inlet B. 

FIGURE 1. 2D Y-shape mini channel.

The angle of between two inlets A and B is set at 30 
̊ as it will provide better movement of the fluid flow and 
its interaction once the fluids meet at the Y-junction. It was 
estimated the platelet in the blood cell flow was flowed out 
the channel through the outlet C while the other cells will be 
exit through the outlet D. The length of a mini channel from 
the inlet to the outlet area is about 38 mm and the distance 
between the electrodes is 5 mm. The details dimension of 
the mini channel is shown in Table 1.

TABLE 1. Details dimension of the mini channel                     
(Othman et al. 2013 & Oshii et al. 2014)

Parameter Value 
Total length of channel (mm) 38
Width of channel (mm) 1
Height of channel (mm) 1
Angle of between 2 inlets (̊) 30
Length of inlet and outlet (mm) 7.23
Width of inlet and outlet (mm) 0.45
Width and height of electrode (mm) 0.6
Length of electrode (mm) 2.2
Distance of electrodes (mm) 5

MESHING PARAMETERS

In the setting of the ANSYS© Fluent 19.1, there are five 
types of mesh that can be applied, i.e. tetrahedrons, hexagon 
dominant, sweep, multizone and Cartesian (ANSYS© 

Fluent, 2009). The tetrahedron meshing was preferred 
in this study as it is more suitable for complex geometry. 
However, the meshing quality is not good enough as it has a 
low orthogonal quality that can cause an error and affected 
the accurateness of the simulation work. Thus, the meshing 
process was improved by using the command ‘Inflation’ and 
‘Body Sizing’. 

DEFINE OF A BOUNDARY CONDITION, MATERIALS AND 
PARAMETERS

Once the Y-shape mini channel was developed, the boundary 
condition was defined. The viscosity of the blood cells is 
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between 3×10−3 to 4×10−3 Pa. S and the density is 1125 
kg/m3 (Tadepalli et al. 2011). The dielectric constant and 
conductivity of the blood cell is 73.55×103 and 1.23 mho/
cm, respectively (Rauf 2013). The phosphate-buffered saline 
(PBS) was used as a buffer solution to ensure a constant 
pH; generally, at a pH of 7.4. Typically, the osmolarity and 
ion concentrations of the solution match with those of the 
human body. This PBS solution has a density of the 2238 
kg/m3 and a molecule weight of 136.09 kg/kmol (Tadepalli 
et al. 2011). Three parameters were manipulated with 36 
simulations were run at the several ranges of the electric 
field intensity; E, electric field frequency; f and particle 
diameter; d as shown in Table 2. The initial velocity of a 
blood cell and PBS solution was feed through the inlets mini 
channel at 0.05 m/s.

TABLE 2. Parameters of simulation step up

Value Intensity, E 
(V/mm)

Frequency, f 
(kHz)

Particle diameter, 
d (μm)

Minimum ± 1 1 1.3
Middle ± 3 10, 100 1.5
Maximum ± 5 1000 2.0

These parameters play an important role to observe 
the effect of a platelet’s movement in the blood flow. The 
electric field has been generated as there is a difference 
between the voltages whereas the higher variance will 
result in the stronger of the electric field intensity. Besides, 
the electric field intensity is exponential proportional to the 
DEP force where the higher of the electric field intensity, 
the stronger of the DEP force. The electric field intensity 
is defined as some currents changing a flow direction in 
one seconds. This parameter is linearly comparative to 
the DEP force as the higher frequency, the stronger of the 
DEP force where the higher frequency tends to have more 
energy. The effect on the particle diameter was observed as 
the larger particle diameter will possess with the greater of 
the DEP force.

MODEL SELECTION AND GOVERNING EQUATIONS

In the ANSYS© Fluent simulation, three types of a solver 
model were provided, which are a volume-of-fluid model, 
mixture model and Eulerian model. The Eulerian model was 
chosen as it requires less time for running the simulation 
program (Versteeg & Malalasekera 2007). To solve the 
numerical method, Equations (2) and (3) are applied that 
shows continuity and a fluid-fluid momentum equation; 
respectively where the term of ρrq is a phase reference 
density, g is gravitational acceleration, α is a volume 
fraction, ρq is a density of phase q, vq is a velocity of phase q, 
vp is a velocity of phase p, mqp is an interphase mass transfer 
rate, P is pressure, Kpq is an interphase momentum exchange 
coefficient, vqp is an interphase velocity, τq is a qth phase 
stress-strain tensor, Fq is an external body force, Flift,q is a lift 
force and Fvm,q is a virtual mass force.
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RESULT AND DISCUSSION

VELOCITY PROFILE ALONG THE MINI CHANNEL

 To ensure the fluid flow in the mini channel is in a laminar 
condition, the initial inlet flowrate of the blood cell and 
the PBS solution is set at 0.05, 0.1, 0.15, 0.2, 0.3 and 
0.5 m3/s with the particle size diameter is approximately 
1.5 μm. Figure 2 shows the observation of the velocity 
distribution along the mini channel (left) and at the cross-
sectional view of the outlet’s area (right). The red contour 
indicates the maximum flowrate; 0.90 m3/s, whereas the 
blue contour indicates the minimum flowrate; 0 m3/s. 
The blood cell was injected into the channel through the 
inlet A while the PBS solution was fed through the inlet 
B at a similar flowrate. The blood cell flowed out from 
the channel through the outlet C, while the PBS solution 
exits through the outlet D.

FIGURE 2. Profile of the velocity distribution in the mini channel 
and at the cross-sectional view of the outlet’s area.

The results show as the higher inlet flowrate; Q=0.30 
m3/s, the maximum velocity distribution was observed 
at both outlets of C and D which is around 0.60 m3/s. 
Besides, the side cross-section view showing the velocity 
distribution of the blood is slightly higher as compared 
to the PBS solution due to its higher density. It shows 
the flowrate plays a vital role in cell separation as it may 
affect the separation’s efficiency. Also, the optimum 
velocity along the mini channel had been achieved at 
the point where the separation and collection region area 
occurred.
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EFFECT OF DEP FORCE ON A WALL HEAT FLUX

The heat flux has been generated on the surface of the channel 
wall that is defined as a total heat flux from the conduction 
and radiation flow. Figure 3 shows the contour of the wall 
heat flux along the mini channel at several frequencies, 
f=1-1000 kHz for a particle diameter of d=1.3 μm with 
the electric field intensity of E=1 V/mm. The red contour 
represents the maximum value for the wall heat flux which 
is around 5×10-8 W/m2, while the blue contour represents 
the minimum value; -7×10-8 W/m2. It was observed the wall 
heat flux reached the maximum value at the outlet D as the 
conduction and radiation of the heat flow at that point was 
the highest value point. 

FIGURE 3. Wall Heat Flux at the various frequencies, f (1-1000 
kHz) at d=1.3 μm and E=1 V/mm.

Figure 4 shows the effect of the electric field intensity 
on the channel wall heat flux at various frequencies; f=1 
kHz to f=1MHz and at a particle diameter of d=1.3, 1.5 and 
2.0 μm. The dotted line represents the data at d=1.3 μm, 
the dashed line for d=1.5 μm and the solid line for d=2.0 
μm. It shows the wall heat flux increases as the electric field 
intensity was increased and as larger particle size. However, 
the wall heat flux at the frequency of 100 kHz and 1000 kHz 
shown a similar result for a particle diameter of d=1.5 and 
2.0 μm due to the frequency’s effect on the mini channel 
wall that had reached the maximum level at 100 kHz.

FIGURE 4. The effect of the electric field intensity on the wall 
heat flux at various of the frequency; f=1 kHz to 1MHz and at 

particle diameter; d=1.3, 1.5 and 2.0 μm

EFFECT OF DEP FORCE ON PRESSURE

Figure 5 shows the pressure distribution inside the mini 
channel at various frequencies; f=1-1000 kHz for particle 
diameter, d=1.3 μm and electric field intensity, E=1 V/
mm. The red contour represents the maximum pressure 

distribution; 1.50×1012 Pa, while the blue contour represents 
the minimum pressure distribution; -2.00×1012 Pa. The 
negative value of the pressure indicates the region is in a 
vacuum condition. Both of the blood cell and PBS solutions 
have been injected into the mini channel under low pressure 
and subsequently, the pressure distribution was increased 
gradually along the channel till the end of the outlet’s area. It 
shows the pressure in the mini channel for a smaller particle 
and lower electric field intensity was higher as compared to 
the larger particle size and higher electric field due to the 
lower velocity. 

FIGURE 5. Pressure distribution at the various frequencies, f 
(1-1000 kHz) for particle diameter, d=1.3 μm and electric field 

intensity, E=1 V/mm

Figure 6 shows the effect of the electric field intensity 
on the pressure distribution in the mini channel at various 
frequencies; f=1 kHz to 1MHz and particle diameter of 
d=1.3, 1.5 and 2.0 μm. The round dotted line represents 
the data at d=1.3 μm, the dashed line for d=1.5 μm and the 
solid line for d=2.0 μm. It shows the pressure distribution 
inside the mini channel decreases as the higher electric 
field intensity charged on the electrodes since the velocity 
in the mini channel increases as the electric field intensity 
increases. It can be explained based on Bernoulli’s Principle 
where the fluid velocity is inversely related to the pressure 
(Argyropoulos & Markatos, 2015). Thus, the pressure 
distribution in the mini channel was decreased as the electric 
field intensity was increased.

FIGURE 6. The effect of the electric field intensity on the pressure 
distribution at several of the frequency; f=1 kHz-1MHz and at 

particle diameter; d=1.3, 1.5 and 2.0 μm.

EFFECT OF DEP FORCE ON A BLOOD CELLS SEPARATION

Figure 7 shows the influence of the electric field intensity; 
E on the DEP force at the frequencies; f=1 kHz to 1 MHz 
and at particle diameter of d=1.3, 1.5 and 2.0 μm. The 
DEP force was calculated by using Equation (1) where 
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the Clausius–Mossotti factor for frequency was obtained 
from the previously studied (Sano et al. 2011). It shows the 
DEP force at the lower frequency; f=1 kHz and f=10 kHz 
is in the negative value because of the negativity Clausius-
Mossotti factor. Besides, the DEP force is increased as the 
larger particle size diameter and as the electric field intensity 
increased. Though, the electric field intensity showed more 
impact on the DEP force due to the square factor in Equation 
(1). Therefore, the highest DEP force was obtained at d=2.0 
μm and E=5 V/mm.

FIGURE 7. The effect of the electric field intensity, E on the 
dielectrophoretic (DEP) force at various of the frequency; f=1 

kHz-1 MHz with (a) 1 kHz, (b) 10 kHz, (c) 100 kHz and (d) 1000 
kHz and at particle diameter; d=1.3, 1.5 and 2.0 μm

VALIDATION OF THE RESULTS WITH THE EXPERIMENT DATA

To verify the obtained results, it was compared with the 
previous experimental work (Oshii et al. 2014) where all 
the model design, material, parameters and boundary 
conditions are similar. Figure 8-11 shows the comparison 
results between the experiment and simulation study on the 
velocity distribution inside the mini channel on the effect 
of frequencies; f=1 kHz-1MHz, respectively (Figure 8-10), 
on the effect of the electric field intensities; E=1-5 V/mm 
(Figure 11) and at various particle diameters; d=1.3, 1.5 
and 2.0 μm. The frequency term with the PS stand for the 
result of the previous experimental work. The results of the 
velocity distribution were compared with different particle 
diameters at d=1.3, 1.5 and 2.0μm and the electric field 
intensity at E=3 V/mm.

It showed almost similar relationships and trend 
patterns between the velocity and electric field where the 
particle velocity increased as the electric field intensity 
increases for all tested particle size diameters (Othman et al. 
2013 and Othman et al. 2015). Besides that, it was observed 
the result of the velocity distribution at the frequency of 
f=100 kHz and 1000 kHz are comparable. It proved that 
the velocity has reached its maximum value at f=100 kHz, 
stable and not increase further at f=1000 kHz. However, 
due to the constraint limitation and has some potential error 
that occurred during simulation, the inlet velocity on this 
work was fixed at 0.05 m/s. Thus, some error was shown as 
compared between this work and Oshii et. al studied which 

is the error is around 3-40% for the electrical intensity and 
the error shown up to 80% for the particle diameter. 

FIGURE 8. Comparison result between experiment (PS) and 
simulation study on the velocity distribution in the mini channel 
at frequency; f=1 kHz-1MHz, electric field intensity; E=1-5 V/

mm for particle diameter; d=1.3μm

FIGURE 9. Comparison result between experiment (PS) and 
simulation study on the velocity distribution in the mini channel 
at frequency; f=1 kHz-1MHz, electric field intensity; E=1-5 V/

mm for particle diameter; d=1.5μm

FIGURE 10. Comparison result between experiment (PS) and 
simulation study on the velocity distribution in the mini channel 
at frequency; f=1 kHz-1MHz, electric field intensity; E=1-5 V/

mm for particle diameter; d=2.0μm

FIGURE 11. Comparison result between experiment (PS) and 
simulation study on the velocity distribution in the mini channel 
at frequency; f=1 kHz-1MHz, electric field intensity; E=3 V/mm 

and at particle diameter; d=1.3, 1.5 and 2.0μm
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CONCLUSION

In this study, it shows the velocity was increased with the 
increasing of the electric field intensity and the size of the 
particle diameter. Besides, it shows the similar results as 
compared with the study by Oshii et al. Although the value 
of the flow velocity was quite different, this study manages 
to obtain an increasing trend pattern that was comparable 
with the previous experiment. Also, the DEP force was 
increased as the higher electric field intensity for all tested 
frequencies. As well, as the higher the electric field intensity 
charged and the larger the particle diameter, the stronger 
of the DEP force has resulted. It can be concluded that the 
DEP force at d=2.0μm and E=5 V/mm was the optimum 
condition and obtained the highest result among all the 
tested parameters.
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