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1. Introduction

In recent decades, manipulating, sorting, and
separating microparticles and suspended cells in
the fluid have attracted much attention in many
medical applications. The separation of cells
effectively diagnoses and treats diseases such as
cancer, malaria, and HIV. Different methods
have been used for the separation and sorting of
microparticles in recent years. The microfluidic
methods are divided into two active and passive
classes. In passive methods, the force applied to
the particle caused by the fluid flow depends on
particles’ properties such as size, shape, density,
etc. In these methods, by changing the channel
geometry, for example, use of obstacles in the
channel, expansion, and contraction of the
channel, the use of curved and spiral channels,
and so on, particles can be separated.
Conversely, in active methods, the forces applied
to the particles are external forces and depend on
the particle properties, including dielectric,
optical, magnetic, acoustic, and so on. These
methods include dielectrophoresis,
magnetophoretic, optics, and acoustophoresis. In
acoustophoresis, sound waves manipulate
suspended particles in water or suspended cells
in the blood. Sound waves are mechanical
pressure waves that propagate in a medium with
a specific pressure amplitude and frequency
range. The nature of this method depends on the
physical properties of the particle and therefore
attracts a lot of attention. Sound waves are
divided into two groups based on the separation
of particles and the formation of waves: standing
surface acoustic wave and traveling surface
acoustic wave. Two interdigital transducers are
placed on the piezoelectric substrate at the two
sides of the microchannel to produce a standing
surface acoustic wave. In contrast, to create a
traveling surface acoustic wave, the interdigital
transducer is required for only one side of the
channel. The acoustic wave is applied only from
one side to the microchannel. In this paper, a
two-stage microchannel is used to separate white
blood cells from prostate cancer cells of the same
size. At the first stage of the microchannel, a pair

of IDT is located on both sides of the channel to
focus particles without any need for
hydrodynamic flow in the channel center. At the
second stage of the microchannel, only one IDT
is used to create traveling surface acoustic
waves. In this way, particles with more ARF
factor (Y1) are driven to the opposite side, and
separation is performed. Moreover, the effects of
flow rates and different pressure amplitudes were
investigated to find optimal conditions.

2. Working Mechanisms

Figure 1 shows the schematic of the
microchannel used in this study. As shown in the
figure, at the first stage, a pair of IDT is located
on both sides of the channel to focus the particles
at the middle of the channel without any need for
sheath flow. At the second stage, the
microchannel uses only one IDT to create a
traveling surface acoustic wave. In this way, the
particles are driven to the opposite side due to the
ARF factor, and the separation is carried out.

e

N

=
Figure 1. Schematic of the microchannel used in
research for separating particles under traveling waves

3. Numerical Simulation

The width, height, and length of the channel are
200 pm, 70 um, and 7 mm, respectively. Figure 2
shows the grid of the computational domain The
grid independence of the results is analyzed by
increasing the number of computational cells.
Thus, the hexahedral element with a maximum
size of 0.01 um is used for the microchannel. As
Figure 2 shows, the total number of 433440
elements was generated in GAMBIT software.
First, the fluid’s governing equations, considered
as phosphate-buffered saline (PBS), are solved
using a steady incompressible OpenFOAM solver.
Then the particle trajectory is solved by using the
unsteady Lagrangian solver. The inlet velocity,
which is calculated from the flow rate, is used as
the boundary condition of the inlet. The no-slip
boundary condition is applied to the channel walls.
A pressure outlet is also used for outlet boundary
conditions. Finally, the fluid flow solution results
are used as input data in the Lagrangian solver, and
the governing equations of the particles are solved.
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Figure 2. Hexahedral mesh used for the numerical
simulation

4. Results and Discussion

Figure 3 shows the particle recovery rates for
different flow rates. As the figure shows, the
TSAW force effect decreases with increasing flow
rate, so the optimal flow rate is 1.2 pL/min with a
recovery rate of 100% and the highest throughput.
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Figure 3. Recovery Rate for separation of WBC and
DU145 due to acoustic radiation force for different flow
rate (a) DU145, and (b) WBC
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Figure 4. Recovery Rate for separation of WBC and
DU145 due to acoustic radiation force for the flow rate of
1.2 pL/min and different pressure amplitudes (a) DU145,

and (b) WBC

Moreover, Figure 4 shows the recovery rate for
different pressure amplitudes at the flow rate of 1.2
pL/min. The radiation force applied to the particles
increases with increasing pressure amplitude. At
higher pressure amplitudes, the recovery rate of
cancer cells decreases at the middle outlet, and
thus the separation disrupts. As Figure 4 shows, the
optimal pressure amplitude for separating white
blood cells from prostate cancer cells is 100 KPa.

5. Conclusion

In this study, the effect of flow rates and pressure
amplitudes was numerically investigated on the
separation of white blood cells from prostate
cancer cells in a two-stage microchannel. In the
first stage, the particles are focused in the middle
of the channel with the help of standing surface
acoustic waves. As Figure 1 shows, at a flow rate
of 0.5, 1, and 1.2 ulL/min, the particles were
separated with a 100% recovery rate. As the flow
rate increases, the recovery rate of prostate cancer
cells does not change at the middle outlet, but the
white blood cell recovery rate for the top outlet
decreases from 84% in the flow rate of 1.3 pL/min
to 46% the flow rate of 1.5 pL/min. Since the
throughput for the flow rate of 1.2 pL/min is higher
than the two other flow rates, this was chosen as
the optimal flow rate. In addition, the effect of
acoustic pressure amplitude on optimal flow rates
was also investigated in this study. At an acoustic
pressure amplitude of 100 KPa, the cells were
separated with a 100% recovery rate. The
separation did not occur at 50 KPa, and the
recovery rate is reduced at higher pressure
amplitudes. For example, for pressure amplitude of
150 KPa, the white blood cell recovery rate is
100% for the top outlet, but 83% and 17% of the
prostate cancer cells are exited from the middle
and top outlet, respectively. Similarly, at a pressure
amplitude of 200 KPa, 93% of prostate cancer
cells are exited from the top outlet, and only 7% of
them exit from the middle outlet. As a result, the
optimum pressure amplitude is 100 KPa at optimal
flow rates of 1.2 uL/min.
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