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ABSTRACT: In this study, two-dimensional simulations are performed to separate polystyrene (PS) 

and polymethyl methacrylate (PMMA) particles suspended in water using an acoustic field. The acoustic 

waves are generated by two aluminum interdigitated transducers (IDTs) over a piezoelectric 

substrate. The effect of input power, inlet flow rate, acoustic frequency, and distance between IDTs 

and channels on separation efficiency is evaluated by considering channel thickness. It is observed 

that the separation efficiency is enhanced by increasing acoustic frequency and input power. Also,  

as the inlet flow rate and distance between IDTs and channel decrease, the separation efficiency 

increases. The optimum values for input power, flow rate, frequency, and distance are 1.4 W,  

0.2 mL/min, 5 MHz, and 75 µm, respectively, and a maximum separation of 88% is achieved.  
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INTRODUCTION 

Microfluidic devices have been widely utilized due to 

their low cost, low energy consumption, and 

environmental compatibility, especially in biological 

applications [1-3]. These devices have been developed 

rapidly and used in many applications such as 

interdisciplinary science [4], chemical analysis [5], Lab-

on-a-Chip (LOC) [6], etc. Microfluidic devices are divided 

into two groups: passive devices and active ones.  

In passive separation devices, particle separation is performed 

based on channel geometry [7]. Active devices use 

external forces, including electrical, optical, acoustic, 

 and magnetic. For the case of active micromixing,  

Xiong et al. [8] employed a rhombic electroosmotic 

micromixer and reached a separation efficiency of 99%  

by applying an AC voltage of 10 V when the rhombic 

angle was 60°. Besides, Feng et al. [9] utilized  

 

 

 

Rubik’s cube module to enhance the mixing efficiency  

of an electroosmotic micromixer. Also, some researchers 

appraised the impact of the magnetic force on the mixing 

process [10-11]. In the case of particle separation, Shiriny 

and Bayareh [12] performed numerical simulations to 

separate human breast and epithelial cervical cancer cells  

from the bloodstream using a spiral microchip. They also 

utilized a Halbach array of magnets to isolate blood  

cells [13] and inertial and magnetophoretic influences  

to separate PS particles [14]. They reached high purity of 

particle/cell separation for specific magnitudes of channel 

dimension, flow throughput, magnet distance from  

the channel, etc.           

The acoustic-based separation approach proposes  

a completely different technique to isolate particles/cells 

with the advantages of simplicity and biocompatibility.  
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The sorting and isolation of particles/cells depend on their 

acoustic properties. Acoustic pressure wave causes 

particles or cells to migrate in a microchannel. Acoustic 

radiation force leads to the motion of particles toward  

the pressure nodes or antinodes [15]. Acoustic waves are 

divided into three types: Bulk Acoustic Wave (BAW), 

Surface Acoustic Wave (SAW), and Acoustic Plate Mode 

(APM) [16]. SAWs are a combination of longitudinal 

compression motion and transversal shear motion [17]. 

These waves are generated by InterDigital Transducers (IDTs) 

with comb-shaped electrodes. The SAW approach is 

classified into two types: Traveling SAW (TSAW) and 

Standing SAW (SSAW). TSAWs are generated when an 

IDT radiates a SAW and SSAWs are created when two 

IDTs radiate identical TSAWs. Acoustic streaming flow 

and acoustic radiation force are generated by TSAWs and 

SSAWs [18]. To manipulate particles, the acoustic 

streaming flow should be minimized [19]. Since SSAWs 

use two IDTs, the impact of acoustic streaming flow and 

their overall strength is reduced, leading to easier control 

of particle separation compared to TSAWs [20]. Besides, 

lower frequencies can be employed by SSAW-based 

acoustofluidic chips (~10 MHz) compared to TSAW-

based ones (~100 MHz) [21].   

Many researchers employed SSAWs to separate 

biological cells [22] or sort cells [23-25]. For instance,  

Guo et al. [22] used two IDTs for creating SAW to migrate 

particles toward the pressure nodes and showed that there 

is a good agreement between two-dimensional predictions 

and experimental observations. Ma et al. [23] used two 

IDTs and two sets of bandpass filtration to sort out PS 

particles with different diameters when the volume flow 

rate was varied between 1.5 and 4 μL/min. Ren et al. [24] 

used a pair of concentric circular-shaped IDTs (focused 

IDTs) to generate SSAWs for the sorting of 10-μm PS 

particles experimentally. They demonstrated that focused 

IDTs can generate stronger SAWs with higher sorting 

resolution in comparison with conventional IDTs, i.e. 

rectangular-shaped IDTs.  Li et al. [25] used SSAWs  

to sort microfluidic water-in-oil droplets by changing the 

position of the pressure nodes. These efforts aimed  

to optimize the pressure field and acoustic radiation force 

to achieve high separation efficiency. Even though  

the variations of acoustic field amplitude have been 

investigated using different channel and IDT geometries, 

there are more required assessments to be performed.  

For example, the impact of channel thickness should be 

evaluated when inlet flow rate, acoustic frequency, and 

input power are varied.     

The present study presents finite-element-based 

simulations to investigate the acoustic separation of PS and 

PMMA particles using SSAWs. The results obtained from 

the present numerical study are verified with experimental 

work. The impact of effective parameters is evaluated to 

control the generation of pressure nodes and antinodes as 

well as particle separation. In the present simulations, the 

influence of the thickness of the Polydimethylsiloxane 

(PDMS) channel is considered, meaning that current 

results can be used for practical applications.  

 

THEORETICAL SECTION 

Problem description 

The geometry of the present study can be divided into 

three parts, i.e. InterDigital Transducers (IDTs), PDMS 

channel, and piezoelectric substrate, as shown in Fig. 1. Two 

InterDigital Transducers (IDTs) are placed on a piezoelectric 

substrate to generate acoustic waves. A PDMS channel is 

positioned between the IDTs. This channel has a rectangular 

cross-section of 160 µm x 100 µm depth and its length is 600 

µm. The outlet channel has three branches, a middle one, and 

two tilted branches with an angle of 45°.  

The aluminum IDTs are fabricated on a lithium niobate 

(LiNbO3) piezoelectric substrate. The dimensions of IDTs 

are also described in Fig. 1. A voltage of 1.5𝑉 is applied 

to IDTs. CA creeping flow regime is assumed in the 

simulations; hence, the impact of inertia is neglected 

compared to the viscous effect. A no-slip boundary 

condition is imposed on the channel walls. Particles and 

fluid enter with a constant velocity of Vin = 10−4 m/s. 

Besides, pressure outlet boundary condition is employed 

for channel outlets. 

 

Governing equations 

Acoustic frequency in a liquid medium creates pressure 

fluctuations, resulting in the application of radiation force 

on suspended particles. When the diameter of particles is 

much smaller than half of the wavelength, this force act  

on particles and moves them toward pressure nodes  

or antinodes [26-28]. A horizontal microchannel affected 

by acoustic waves is considered in the present study.  

The motion of microparticles in the fluid is described 

according to Newton’s second law [29, 30]: 
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Fig. 1: Schematic of the present problem. 

 

F = mp

dup

dt
                                                                            (1) 

Where F is the total force applied to the particles, 𝑚𝑝 

is the particle mass, 𝑢𝑝 is their velocity, and t is the time. 

The total force contains Drag force (FD) and acoustic 

radiation force (FRad). For a spherical particle with 

diameter d moving with the velocity of up in the fluid flows 

with the velocity of uf, the Drag force is [31-33]: 

FD = −3πμd(up − uf)                                                         (2) 

Assuming incompressible fluid and neglecting gravity 

acceleration, the momentum equation is as follows: 

ρf

duf

dt
= −∇p + μ∇2uf                                                         (3) 

For spherical particles, the acoustic radiation force is: 

FRad = −∇URad                                                                      (4) 

where 𝑈𝑅𝑎𝑑  is acoustic potential energy [34]: 

URad =
π

6
d3 (

f1

2ρcf
2

p2̅̅ ̅ −
3f2

4
ρui

2̅̅ ̅)                                   (5) 

where 

f1 = 1 −
kp

kf

                                                                            (6) 

f2 =
2(ρ − ρf)

2ρ + ρf

                                                                       (7) 

where 𝑐𝑓 , 𝑘𝑝  𝑘𝑓 , 𝑝, 𝜌, and 𝜌𝑓 are sound speed in the 

fluid, the compressibility of particles, compressibility of 

fluid, acoustic pressure, and density of particles and fluid, 

respectively. Besides, 𝑝2̅̅ ̅ and 𝒖𝑖
2̅̅ ̅ denote mean square 

pressure and incoming velocity amplitude, respectively. 

The direction of particles motion in the acoustic field 

depends on the sign of acoustic contrast factor, ϕ, that  

is calculated as follows: 

ϕ(β, ρ) =
5ρ − 2ρf

2ρ + ρf

−
kp

kf

                                                    (8) 

A positive contrast factor causes the particles to move 

towards pressure nodes. A negative one causes them to 

migrate towards the pressure antinodes. In the present 

simulations, the value of the contrast factor for PS and 

PMMA particles in the water medium is -0.28 and 1.16, 

respectively. Therefore, PS particles move towards 

pressure antinodes and PMMA ones migrate towards 

pressure nodes. Helmholtz equation should be solved to 

determine 𝑝2̅̅ ̅ and 𝒖𝑖
2̅̅ ̅. Since the effect of acoustic waves 

generated by the interaction between electric voltage and 

the piezoelectric substrate is considered, linear 

piezoelectric constitutive equations should be solved:  

S = sET + etE                                                                        (9) 

D = eS + ε0εrE                                                                   (10) 

Where 𝐷, 𝑆, 𝑇, 𝐸, 𝜀0, 𝜀𝑟 , 𝑠𝐸 , and 𝑒 are charge density 

displacement, strain, stress, electric field, the permittivity 

of free space, relative permittivity matrix, compliance 

matrix, and piezoelectric coupling matrix, respectively.  

𝑒𝑡 denotes the transpose of matrix 𝑒. Besides, the acoustic 

pressure amplitude (𝑝) is determined as follows: 

p = √
PZ

A
                                                                               (11) 

Where 𝑃,  𝑍 = 𝜌𝑓 × 𝑐𝑓, and 𝐴 are input power, 

acoustic impedance, and SAW working area, respectively 

[35]. For the first set of simulations, the distance between 

IDTs and channel walls is assumed to be 75µm. Since this 

value is equal to a quarter of a wavelength, one pressure 

node is formed at the centerline of the channel.  

The finite element method and COMSOL Multiphysics 

software are employed to solve the governing equations. 

Navier-Stokes equations are solved using the finite 

element method and the P3+P2 scheme is selected  

to discretize the velocity and pressure. The P3+P2 

approach considers the third-order derivative of the fluid 

velocity components and the second-order of pressure.  
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Table 1: Material properties of fluid and microparticles [36]. 

Property PS PMMA Fluid 

Diameter, µm 10 15 _ 

Density, kg/m3 1050 1180 998 

Sound speed, m/s 1260 2757 1481 

Shear wave speed, m/s 1120 1400 - 

Compressibility, Pa-1 6.0 10-10 1.3 10-12 4.5 10-10 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: (a) Separation efficiency for acoustic frequency of 13 MHz and different grid resolutions, and  

(b) the grid employed for current simulations. 

 

The time step is 1 ms, and the relative tolerance 

convergence criterion is 10−5. The Generalized Minimal 

Residual (GMRES) iterative solver is employed to solve 

the model. The GMRES solver generates a sequence of 

orthogonal vectors for asymmetric systems and the 

residual norm is computed with minimum iteration at 

every step. Electric potential and displacement fields are 

discretized by using quadratic and quadratic serendipity 

schemes, respectively. Numerical simulations are 

performed using 24-GB RAM, Intel (R) Core (TM)  

i7-6700K processor with a clock frequency of 4.00 GHz. 

 

Grid study 

A triangular mesh with a maximum size of 9 µ𝑚 and  

a minimum size of 1µ𝑚 is generated for the channel and  

a triangular mesh with a maximum size of 15µ𝑚 is used 

for substrate and IDTs. To find a sufficient number of grid 

points, the separation efficiency is calculated for an 

acoustic frequency of 13 MHz and different grid resolutions.  

The results are shown in Fig. 2a. As shown in this figure, 

by increasing the number of elements from 1319988  

(gray line) to 1678501 (orange line), no noticeable change 

is observed in the value of separation efficiency (Fig. 2b). 

Thus, the computational grid with 1319988 elements is 

employed for further simulations. The physical properties 

of fluid and microparticles are presented in Table 1. 

 

Validation 

To verify the numerical simulation method, the separation 

efficiency is calculated for various flow rates according to 

the experimental data reported by Petersson et al. [37] 

(Fig. 3a). They used a 2 MHz frequency to separate lipid 

particles from erythrocytes in a microchannel with 350 µm 

width, 125 µm depth, and 24 mm length. Fig. 3a 

demonstrates good agreement between the numerical  

and experimental results so that the maximum error is less 

than 10%. In addition, the present results are verified with 

the numerical results of Taatizadeh et al. [38], who 

assessed the impact of some effective parameters  

such as the number of IDT fingers on separation  

efficiency using COMSOL Multiphysics software. Fig. 3b 

illustrates the amplitudes of normal acceleration  

across the channel achieved from the current work and 

those reported by Taatizadeh et al. [38], indicating 
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                                                          (a)                                                                                                                                 (b) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: (a) Separation efficiency versus flow rate when acoustic input power is 4 W, f = 5 MHz, D = 75µm, Np = 4, and thickness of 

PDMS channel is 10µm, (b) the normal acceleration amplitude (µm/s2) across the microchannel width (µm) when Np = 10. 

 

good agreement between the results. Taatizadeh et al. [38] 

revealed that Np = 20, 60, and 80 can provide the maximum 

amounts of normal acceleration. The influence of the number 

of IDT fingers is discussed in the Section “Effect of the 

number of IDT fingers”.     

 

RESULTS AND DISCUSSION 

In the present paper, the effect of the power of IDTs, 

the acoustic frequency, flow rate, distance of IDTs  

from the channel wall, the number of IDT fingers, and the 

thickness of the PDMS channel during the separation 

process is investigated. 

 

Effect of input power  

In this section, the impact of input power on separation 

efficiency is evaluated for a constant operating frequency 

of 5 MHz and flow rate of 0.2 µl/min. The propagation of 

SSAW in the piezoelectric substrate leads to the creation 

of the electrical field in LiNbO3 due to the coupling of the 

electrical field and mechanical strain. Hence, the 

piezoelectric substrate becomes an electrode. Fig. 4 

demonstrates that the separation efficiency is enhanced 

with the input power. According to Eq. 10, an increase in 

the input power results in an enhancement in the acoustic 

pressure, leading to an increase in the acoustic radiation 

force. Thus, as the input power increases, the particles are 

affected more by the radiation force, migrating toward 

pressure nodes and antinodes more quickly. It should be 

pointed out that as the input power is enhanced, acoustic 

radiation force leads to Joule heating, formation of 

bubbles, and accumulation of microparticles, resulting in  
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Separation efficiency for various values of input power 

when the volume flow rate is 0.2 mL/min, f = 5 MHz, D = 75µm,  

Np = 4, and the thickness of the PDMS channel is 10µm. 

 

the creation of disturbance in chip operation practically [38]. 

Fig. 4 demonstrates that the majority of particles is 

separated (separation efficiency is about 88%) when the 

input power is 1.5 W. Numerical and experimental 

investigation of [38] revealed that the migration of 

particles is not affected by input power when the voltage 

is greater than 15 V. 

 

Effect of inlet flow rate  

The influence of the inlet flow rate on the separation 

efficiency is considered in Fig. 5 when the frequency and 

input power are kept constant at 5 MHz and 1.4 W, 

respectively. As the volume flow rate changes from 0.2 to 

0.6 mL/min, separation efficiency varies from 88% to 

44%. Petersson et al. [37] also demonstrated that higher  
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separation efficiencies can be obtained at lower flow 

rates. For the lower flow rates, particles are exposed to 

the acoustic field for a longer time. Hence, stronger 

acoustic force is applied to the particles, leading to 

larger lateral migration. It can be concluded that the 

separation efficiency is a decreasing function of flow 

rate. This result is important when there is a solution 

containing a high concentration of particles, such as 

blood and cancer cells. Therefore, in the solutions with 

a high volume fraction of suspending particles, some 

techniques, such as the use of sheath flow, variation  

of IDT configuration, and changing of acoustic frequency 

can be employed to achieve high separation efficiency. 

 

Effect of acoustic frequency  

In Fig. 6, the variation of separation efficiency  

is shown when acoustic field frequency is changed.  

An increment in the frequency causes an enhancement  

in the separation efficiency. As the frequency is increased, 

the wavelength is reduced: 

λ =
cf

f
                                                                                    (12) 

where 𝑓 is the acoustic frequency, 𝑐𝑓  is the sound 

speed, and 𝜆 is the wavelength. By increasing the 

frequency, the wavelength is decreased, causing the 

pressure nodes and antinodes to change across the channel. 

The increase in the frequency leads to the creation of more 

pressure nodes, resulting in higher separation efficiency. 

Fig. 7 demonstrates the impact of acoustic frequency on 

the variation of pressure nodes and antinodes.  

 

Effect of distance between IDTs and channel  

The distance between IDTs and channel wall (D) 

affects the location of pressure nodes and antinodes. First, 

the distance between IDTs and channel is assumed to be 

75 µm that is equal to a quarter of the wavelength. 

Therefore, a pressure node is formed at the center of the 

channel, and two pressure antinodes are formed near the 

walls (Fig. 8a). Figs. 8b and 8c reveal the location of 

pressure nodes and antinodes for D = 50 µm and 25µm, 

respectively. It is found that the pressure antinode is 

located closer to the channel centerline when D = 25 µm 

in comparison with the case in which D = 50 µm. 

According to Eq. 11, when D = 0 µm, pressure antinodes 

are formed in the middle of the channel (Fig. 8d). Fig. 9 

shows the variation of separation efficiency in terms of the  
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Separation efficiency as a function of volume flow rate 

when input power is 1.4 W, f = 5 MHz, D = 75µm, Np = 4, and 

thickness of PDMS channel is 10µm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Separation efficiency as a function of acoustic 

frequency when the volume flow rate is 0.2 mL/min, input 

power is 1.4 W, D = 75µm, Np = 4, and thickness of PDMS 

channel is 10µm. 

 

distance between IDTs and channel. Since the PS particles 

move toward pressure antinodes, the best location of IDTs 

is D = 75 µm, where two pressure antinodes are located at 

the channel walls. Hence, these particles can exit from two 

side outlets.  

 

Effect of the number of IDT fingers 

In an acoustic field, the energy of waves depends on 

the input voltage. By increasing input power (input voltage), 

the pressure of waves is enhanced. One way to increase 

input power is to enhance the number of IDT fingers (Np). 

In other words, as Np of IDTs is increased, the coupling 

coefficient of the piezoelectric substrate becomes greater, 

resulting in an enhancement in the value of energy that is
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                                                   (a)                                                                                                                        (b) 

 

 

 

 

 

 

                                                   (c)                                                                                                                        (d) 

 

Fig. 7: Generation of pressure nodes when volume flow rate is 0.2 mL/min, input power is 1.4 W, D = 75µm, Np = 4, thickness  

of PDMS channel is 10µm, and (a) f = 3 MHz, (b) f = 4 MHz, (c) f = 5 MHz, and (d) f = 10 MHz.  

 

 
 

  

Fig. 8: Effect of the distance between IDTs and channel walls on the location of pressure nodes and antinodes when the volume 

flow rate is 0.2 mL/min, input power is 1.4W, f = 5 MHz, Np = 4, and thickness of PDMS channel is 10µm. 

 

transduced in the transducers. The number of fingers of 

IDT affects the acoustic pressure of waves and 

piezoelectricity properties. When the number of fingers  

of IDT is increased, the acoustic pressure is enhanced; 

however, there is a limitation in the substrate area [32]. 

Besides, it was found that there is a critical value for Np  

so that the acceleration amplitude and energy transmission 

are weakened when Np > Np, critical. Taatizadeh et al. [38] 

reported that Np = 20, 50, and 80 provides the most 

separation efficiency. Fig. 10 shows that the separation 

efficiency is an increasing function of Np. For instance, 

separation efficiency is 75% and 95% when Np = 2 and 8, 

respectively. It is expected that the ascending trend  

is retained even for Np = 25.   
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Fig. 9: Separation efficiency as a function of the distance 

between IDTs and channel wall when the volume flow rate is 

0.2 mL/min, input power is 1.4 W, f = 5 MHz, Np = 4, and 

thickness of PDMS channel is 10µm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: Separation efficiency versus the number of IDT fingers 

when the volume flow rate is 0.2 mL/min, input power is 1.4 W, 

f = 5 MHz, D =75µm, and thickness of PDMS channel is 10µm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Separation efficiency as a function of channel wall 

thickness when the volume flow rate is 0.2 mL/min, input power 

is 1.4 W, f = 5 MHz, D = 75 µm, and Np= 4. 

Effects of PDMS channel thickness 

The acoustic waves created by IDTs collide with  

the PDMS channel walls and lose some of their energy. 

Therefore, an increase in the channel thickness results  

in a reduction in the acoustic pressure and separation 

efficiency. It has been shown that the position of pressure 

nodes and pressure antinodes depends on the channel 

width [38]. In the case of SSW, one and two pressure nodes 

are formed when the microchannel width is equal to 

𝜆𝑆𝑆𝑊 2⁄  and 𝜆𝑆𝑆𝑊 , respectively. It can be concluded that 

the number of pressure nodes is enhanced with the channel 

width. It is expected that as the PDMS’s thickness  

is reduced, the acoustic radiation force becomes stronger 

when input power and acoustic frequency are kept 

constant. This is due to the smaller dissipation of acoustic 

energy into the PDMS domain. When SSAWs reach the 

PDMS, they are distributed in PDMS, leading to a reduction 

in the normal component of the displacement  

at the surface of the piezoelectric substrate before reaching 

the microchannel and fluid domain. The acoustic pressure 

is reduced with the PDMS’s width [38]. The separation 

efficiency versus the thickness of the PDMS is shown in 

Fig. 11. The values of effective parameters are as follows: 

input power is 1.4 W, f = 5 MHz, D = 75µm, and Np= 4. 

The PDMS’s width varies from 10 to 30 µm. When 

PDMS’s thickness = 10 µm that is equal to 1 30⁄  of the 

wavelength, the strong acoustic pressure in the middle of 

the microchannel leads to that almost all PS particles move 

toward pressure antinodes. Hence, these particles exit from 

the side outlets, and the separation efficiency is relatively 

high. It should be pointed out that the thickness of the 

PDMS channel is limited by fabrication techniques such as 

soft lithography, 3D printing, etc.  

 

Particle tracing 

In the present simulations, particles with diameters  

of 10 µm (PS particles) and 15 µm (PMMA particles)  

are separated due to the application of the acoustic field.  

In general, two forces act upon particles, including 

acoustic radiation force and drag force. Eq. 4 expresses 

that the acoustic radiation force is proportional to acoustic 

potential energy. Eq. 5 shows that 𝑈𝑅𝑎𝑑 ~𝑑3; thus,  

as the particle diameter increases, the magnitude of 𝑭𝑅𝑎𝑑  

is enhanced. Therefore, the particles with larger diameters 

(PMMA particles) migrate towards the channel centerline. 

In the absence of an acoustic field, macro and  
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                                                   (a)                                                                                                                        (b) 
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                                                   (e)                                                                                                                        (f) 

 

 

 

 

 
 
 

                                                   (g)                                                                                                                        (h) 

 

 

 

 

 

 
 

                                                   (i)                                                                                                                        (j) 

 

Fig. 12: Particle trajectories for the case where Np = 4 and (a) D = 0.25 µm, volume flow rate = 0.2 mL/min, input power = 1.4 W, and f  = 3 

MHz, (b) D = 0.75µm, volume flow rate = 0.2 mL/min, input power = 1.4 W, and f  = 5 MHz, (c) input power = 0.36 W, volume flow rate = 0.2 

mL/min, f = 5 MHz, and D = 75µm, (d) input power = 1.4 W, volume flow rate = 0.2 mL/min, f = 5 MHz, and D = 75µm, (e) inlet flow rate = 

0.2 mL/min, input power = 1.4 W, f = 5 MHz, and D = 75µm, (f) inlet flow rate = 0.6 mL/min, input power = 1.4 W, f = 5 MHz, and D = 75µm, 

(g) f = 3 MHz, volume flow rate = 0.2 mL/min, input power = 1.4 W, and D = 75µm, (h) ) f = 5 MHz, volume flow rate = 0.2 mL/min, input 

power = 1.4 W, and D = 75µm, (i) PDMS thickness = 10 µm, volume flow rate = 0.2 mL/min, input power = 1.4 W, f = 5 MHz, and D = 75µm, 

and (j) PDMS thickness = 30 µm, volume flow rate = 0.2 mL/min, input power = 1.4 W, f = 5 MHz, and D = 75µm. 

 

microparticles move towards a position between the 

channel centerline and the wall due to wall repulsion and 

velocity distribution [39-40]. Hence, it is expected that 

these particles exit from the side outlets with no separation. 

Fig. 12 illustrates the particle trajectories for different 

values of acoustic frequency, flow rate, input power, 

number of IDT fingers, and PDMS thickness. The ‘Particle 

Tracing’ module in the COMSOL Multiphysics software 
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(a) (b) (c) (d) (e) 

Fig. 13: Velocity contours for the case where Np = 4 and (a) D = 0.25µm, volume flow rate = 0.2 mL/min, input power = 1.4 W, and f  = 

5 MHz, (b) D = 0.75µm, volume flow rate = 0.2 mL/min, input power = 1.4 W, and f  = 3 MHz, (c) PDMS thickness = 10 µm, volume flow 

rate = 0.2 mL/min, input power = 1.4 W, f = 5 MHz, (d) PDMS thickness = 30 µm, volume flow rate = 0.2 mL/min, input power = 1.4 W,  

f = 5 MHz, and D = 75µm, and € input power = 0.36 W, volume flow rate = 0.2 mL/min, f = 5 MHz, and D = 75µm. 

 

is employed to estimate the particle trajectories. This 

figure shows that for D = 0.25µm, the acoustic radiation 

force is so small that particles' motion is not affected by 

this force. Hence, PS and PMMA particles exit the channel 

through the middle and side outlets. For D = 0.75µm,  

the acoustic radiation force is so large that most of PMMA 

particles are forced to the channel center and exit through 

the middle outlet.  PS particles, however, migrate toward 

sidewalls and exit from side outlets. These explanations 

are valid when acoustic frequency, input power, inlet flow 

rate, and PDMS thickness are changed. It can be concluded 

that effective parameters should be optimized to separate 

or sort microparticles in the presence of acoustic radiation 

force. Eventually, the modeled fluid velocity distribution 

in the whole continuous microfluidic channel has been 

plotted to better understand the fluid flow field (Fig. 13). 

It should be pointed out that the qualitative velocity 

distribution is approximately the same when effective 

parameters are changed. However, the variation range of 

velocity is different for various conditions. 

  

CONCLUSIONS 

Since the physical properties of cells are considered  

by acoustic-based separation techniques, acoustofluidic  
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devices are utilized to sort or isolate bio-cells suspended  

in microfluidics. The present work presented two-

dimensional simulations for isolating PS and PMMA 

particles suspended in water using an acoustic field using 

the finite element method. The effect of input power, inlet 

flow rate, acoustic frequency, and distance between IDTs 

and channels on separation efficiency was investigated.  

It was observed that as the input power is increased,  

the separation efficiency is enhanced so that the maximum 

separation efficiency of 88% can be achieved when  

the input power is 1.4 W. The results demonstrated that 

separation efficiency is a decreasing function of volume 

flow rate and an ascending function of acoustic frequency. 

It was shown that the distance between IDTs and the 

channel wall affects the separation efficiency significantly. 

When the frequency was 5 MHz and the distance between 

IDTs and the channel wall was 75µm, a pressure node was 

formed at the center of the channel, leading to maximum 

separation efficiency because PMMA particles move 

toward the pressure node and PS ones migrate toward 

pressure antinodes. Besides, it was found that an increase 

in the number of fingers of IDT results in an increment  

in the separation efficiency. It should be pointed out that 

the impact of the thickness of the PDMS channel  

was considered in the present work; hence, current results 

can be used for practical applications. The influences of 

the non-Newtonian continuous phase, for instance, 

viscoelastic microfluidics, on acoustic-based particle/cell 

separation can be evaluated in future investigations 

numerically and experimentally. Besides, the combined 

effects of inertial and acoustic forces can be utilized to 

propose a high-throughput separation device.        
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