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We numerically simulate the hydrodynamic interaction of aerosol particles due to the acoustic wake effect under the Oseen flow 
condition. Attraction is found for two nearby particles with an orientation angle of 0 to 50° with respect to the acoustic field, and 
weak repulsion is found outside this range. Good agreement is obtained between the numerical results and experiments in the 
literature. We study the influence of particle size, sound wave frequency and the particle separation. The result shows that the 
acoustic wake effect plays a significant role in acoustic agglomeration. It could be either the major agglomeration mechanism of 
monodisperse aerosols or the major refill mechanism for polydisperse aerosols to supplement orthokinetic interaction. 
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Acoustic agglomeration is a process in which intense sound 
waves produce relative motions and collisions among aero-
sol particles. It can significantly shift the particle size dis-
tribution of an aerosol from smaller to larger sizes in a short 
time of the order of 1 s. Acoustic agglomeration has poten-
tial use in air pollution control as an aerosol preconditioning 
process to enhance the performance of conventional particle 
filtering devices, which are inefficient for retaining particles 
smaller than 2.5 m [1]. 

Acoustic agglomeration is governed by complex interac-
tion mechanisms. The most significant ones are orthokinetic 
and hydrodynamic interactions [2]. Orthokinetic interaction 
is the most obvious mechanism. Particles with different 
sizes are entrained differently into the oscillating motion of 
the medium because of the differences in particle inertia. 
The relative motion leads to the approach and collision be-
tween particles. In one acoustic cycle, each larger particle 
sweeps a certain volume by its motion relative to smaller 
particles, and collects all the smaller particles in it. This 

volume is defined as the agglomeration volume. The mech-
anism of orthokinetic interaction was well summarized by 
Mednikov [3] and improved by other researchers [4–6]. 
Nevertheless, this mechanism cannot explain agglomeration 
of monodisperse aerosols or the way in which the agglom-
eration volume is refilled once it is emptied after one cycle. 

Hydrodynamic mechanisms are those which produce 
particle interactions through the surrounding medium be-
cause of hydrodynamic forces and the asymmetry of the 
flow field around the particle [1]. These mechanisms are 
generally considered to be the main acoustic agglomeration 
mechanisms for monodisperse aerosols because they are also 
active for same-sized particles [7]. Hydrodynamic mechanisms 
mainly include mutual radiation pressure and the acoustic 
wake effect [5,6,8,9]. The mutual radiation pressure is the 
effect due to the nonlinear interactions produced between 
the particle scattering wave and the incident field. However, 
so far, there is still no experiment to confirm this effect as a 
cause of agglomeration, and theoretical studies show that 
the mutual radiation pressure is much less important than 
the acoustic wake effect in acoustic agglomeration [9]. 
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The acoustic wake effect is based on the asymmetry of 
the flow field around a moving particle [8]. Considering two 
closely spaced particles oscillating in the acoustic field, the 
leading one will disturb the fluid and produce a wake be-
hind itself. The wake, termed the acoustic wake, leads to a 
pressure reduction in the area behind the leading particle. If 
the second particle travels in this acoustic wake, it experi-
ences a drag reduction and moves at an accelerated speed 
towards to the leading one [10]. The same effect occurs in 
the next acoustic half-cycle, but the roles of both particles 
change. As a consequence, the two particles converge with-
in several acoustic cycles and eventually collide. 

A theory to describe the acoustic wake effect based on 
Oseen flow fields was first proposed by Pshenai-Severin [11] 
for two same-sized particles aligned along the direction of 
the sound wave. Dianov et al. [12] extended the theory to 
include the interactions between differently sized particles 
and derived an analytical solution. However, both models 
are limited to particles aligned along the direction of the 
sound wave. Tiwary and Reethof [13] calculated the trajec-
tories of particles due to the acoustic wake effect using nu-
merical methods by neglecting the unsteady term. They 
concluded that the interaction velocities could be a major 
mechanism for refilling the agglomeration volume during 
acoustic agglomeration. The mechanism of the acoustic 
wake effect was experimentally verified by Hoffmann and 
Koopmann [8] using microscopic photography. Recently, a 
series of studies were performed by Gonzalez et al. [14] 
using analytical and numerical methods to calculate the in-
teraction velocities of particles based on this effect, and the 
results were compared with experiments [9]. Although the 
acoustic wake effect has been found to be an important hy-
drodynamic mechanism, the studies on the effect are still 
rare. In addition, the computational results mentioned above 
do not agree with each other and sometimes even contradict 
one another. Thus, more studies on the acoustic wake effect 
are necessary. 

In this paper, we present a numerical simulation of the 
acoustic wake effect based on Oseen flow fields. The inter-
action velocity due to this effect is calculated for any arbi-
trary orientation of the particle center-line with respect to 
the direction of the sound wave. The results are compared 
with the experiments of Gonzalez et al. [9] and Hoffmann 
[15]. The influences of the main parameters, i.e. frequency, 
vibration velocity amplitude of the medium, particle size 
and initial separation are also investigated.  

1  Theoretical model and numerical scheme 

In an acoustic field, the particles of an aerosol are partially 
entrained into the oscillating motion of the gas medium. The 
velocity of an isolated particle, up, and the slip-flow velocity 
around it, V, can be described by [12] 

  p 0 sin ,u qU t    (1) 

  0 cos ,V lU t    (2) 
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are, respectively, the entrainment and slip coefficients of the 

particle in the Oseen regime,  2
1 1sq    and ls= 

 2
1   are, respectively, the entrainment and slip 

coefficients of the particle in the Stokes regime, ω is the 
angular frequency, U0 is the vibration velocity amplitude of 

the medium,  1 2tan s s sl q hl       is the particle phase 

delay, 2
p g2 9R    is the particle relaxation time, R is 

the particle radius, 
p is the density of the particle, g is the 

dynamic viscosity of the gas, and g 0 p9 2 .h U R      

Two close-by particles would mutually perturb their mo-
tion by means of their periodically varying acoustic wakes, 
which leads to deviations from the original particle trajecto-
ries. As a consequence, the fluid velocity around a particle 
is not only determined by the vibration velocity of the inci-
dent sound, but also by the acoustic wakes of the nearby 
particles. The fluid velocity at the position of particle i is 
expressed as a combination of the vibration velocity of the 
incident sound and a perturbation velocity vik due to the 
acoustic wake effect of the close-by particle k [12]:  

 0 sin .fi iku U t v   (5) 

Radial and angular components of the perturbation ve-
locity generated by particle k at the location of particle i can 
be described as [16] 
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where r is the separation of the two particles,  is the kine-
matic viscosity of the gas medium, Vk is the slip-flow veloc-
ity of particle k described by eq. (2),  is the angle between 
the direction of the sound wave and the particle center-line 
(see Figure 1), and Ak is given by 
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The motion of the two particles in a sound field is de-
scribed by the system of equations [13] 
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Figure 1  Two-particle coordinate system for the numerical simulation. 
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where Re=2RU0l/ is the Reynolds number describing the 
flow condition of the particles, and CD is the drag coeffi-
cient of the particles, given by  
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Because of the mutual perturbation velocity produced by 
the acoustic wake effect, particles will not return to the 
original position after one acoustic cycle. They may either 
attract or repel one another depending on their spatial ori-
entation. The particle trajectories can be calculated by inte-
grating the following equations: 

 ,x

x
u

t





 (11a) 

 ,y

y
u

t





 (11b) 

where ux and uy are the x- and y-components of the particle 
velocity, respectively. The expressions for converting the 
velocity defined in a spherical coordinate system to rectan-
gular coordinates are 

 cos sin ,x ru u u    (12a) 

 sin cos .y ru u u    (12b) 

The above equations constitute the theoretical model of 
the acoustic wake effect in acoustic agglomeration. We de-
velop a numerical simulation method to solve these equa-
tions using 4th order Runge-Kutta integration. A time-step h 
of T/1000 is used to ensure high precision of the solutions. 

Generally, the initial conditions of the interaction process, 
including the positions and velocities of the particles, should 
be given in a numerical simulation. However, these condi-
tions are unknown here, so an alternative method is used. 
Both particles are assumed to be stationary at the beginning 
of the interaction process. Then they are entrained to the 
oscillation motion of the gas medium. Because the relaxa-
tion times of the particles are much smaller than the acous-
tic period, they achieve a steady state in a short time. How-
ever, during this time the particles deviate from the initial 
positions because of the transient effect. To overcome this, 
in the first few cycles we make both particles return to their 
initial positions at the end of every cycle. Therefore, after 
several cycles, particles will oscillate steadily around the 
initial positions. Then the particle velocities at the end of 
the last cycles are used as the initial velocities. In other 
words, we calculate the particle velocities and trajectories in 
the first few cycles just for obtaining the initial condition. It 
usually takes about four cycles to do that. After the initial 
conditions are obtained, the velocities and positions of par-
ticles as functions of time can be numerically solved.  

2  Results and discussion 

2.1  Comparison with Dianov’s analytical solution 

Dianov et al. [12] derived an analytical solution for particles 
aligned along the acoustic field by simplifying the perturba-
tion velocity using Fourier expansion. The convergence 
velocity of two particles whose lines-of-center are parallel 
to the direction of the sound wave is given by  

  0
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Figure 2 shows the comparison between the results of our 
numerical simulation and the analytical treatment by Dia-
nov et al. The calculations are carried out for differently 
sized pairs of particles in an acoustic field with U0 of 1 m/s  

 

Figure 2  Comparison with Dianov’s analytical solution. 
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at a frequency of 2 kHz, and the particle density is 2400 kg/m3. 
The comparison shows that the results agree very well for 
long separations, while the discrepancy increases rapidly with 
decreasing separation. This is because the term of O(1/r2) 
discarded by Dianov is not negligible for small r. We will 
show that the results of the numerical simulation agree bet-
ter with experimental data.  

2.2  Comparisons between the simulation and experi-
ments 

To verify the numerical simulation, the computational results 
are compared with the experiments performed by Hoffmann 
and Koopmann [15] and Gonzalez et al. [9], in whose stud-
ies the particle trajectories in acoustic fields were visualized 
by means of CCD (charge-coupled device) video cameras. 
In these experiments, the micron-sized particles were dropped 
vertically under their gravitational forces in an acoustic field 
which vibrated horizontally, and photos of tuning fork ag-
glomeration of particles were obtained. 

Firstly, the results of the numerical simulation are com-
pared with the experimental data of Hoffmann and Koopmann 
[15], as shown in Figure 3(a). They used soda lime glass 
sphere particles with a density of 2400 kg/m3. The photo 
was captured in the acoustic field with a U0 of 0.64 m/s at a 
frequency of 800 Hz. Initially the two particles aligned with 
the direction of the sound wave with a separation of 150 m. 
It is shown that the two particles converged in the acoustic 
field and eventually collided. The solid line in Figure 3(a) is 
the particle trajectories calculated based on the average 
convergence velocity of the acoustic wake effect using equa-
tion (13). Figure 3(b) shows the particle trajectories calcu-
lated by our simulation and the particle cycle-averaged tra-
jectories. It is clearly observed that Dianov’s model overes-
timates the relative convergence velocity of the particles, 
and the results of the numerical simulation agree better with 
the experiment.  

Figure 4 shows a similar comparison between our simu-
lation results and the experimental data of Gonzalez et al. 
[9]. The photo was obtained in an acoustic field with a U0 of  

 

Figure 3  Comparison with experiment of Hoffmann and Koopmann [15]. 

 

Figure 4  Comparison with experiment of Gonzalez et al. [9] for on-axis 
case. 

0.44 m/s at a frequency of 900 Hz. The two particles ini-
tially aligned along the direction of the sound wave with a 
separation of 207 µm. Figure 4(b) shows the particle trajec-
tories calculated by our simulation, which agree very well 
with the experimental data.  

The two comparisons above are for the case in which 
particles are aligned along the direction of the sound wave. 
Actually, agglomeration could also occur if the lines-of- 
center of two particles are not parallel to the direction of the 
sound wave. Two photos of the experiments carried out by 
Gonzalez et al. [9] are selected to verify the convergence 
velocity calculated by our simulation for particles whose 
center-line has angle 0 with respect to the direction of the 
sound wave. 

The agglomeration photo shown in Figure 5(a) was filmed 
under the conditions of 0=5°, frequency f=700 Hz, U0= 
0.44 m/s and initial separation r0=227.6 m. Figure 5(b) 
shows the computational results of the simulation under the 
same conditions. It is obvious from the figure that the nu-
merical trajectories are similar to the experimental ones.  

Figure 6(a) illustrates the agglomeration pattern of two 
particles with a larger angle of 0=15°, which was filmed 
under the conditions of r0=200 m, f=800 Hz and U0= 

 

Figure 5  Comparison with experiment of Gonzalez et al. [9] for 0=5°. 
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Figure 6  Comparison with experiment of Gonzalez et al. [9] for 0=15°. 

0.44 m/s. Again, numerical results shown in Figure 6(b) 
match well the experimental trajectories. 

2.3  Influence of the main parameters on interaction 
velocity 

(i) Particle orientation angle.  The hydrodynamic interac-
tion due to the acoustic wake effect between two particles 
varies greatly with different angles between the center-line 
of particles and the direction of the sound wave. Figure 7 
shows the cycle-averaged interaction velocity between par-
ticles as a function of the angle . We carried out the calcu-
lations for two same-sized particles with diameters of 6 m 
and a separation of 100 m. The density of particles was 
2400 kg/m3 with U0=1 m/s at a frequency of 2000 Hz. In the 
figure, the x-axis refers to the direction of the sound wave. 

A positive value of the convergence velocity indicates that 
particles approach each other, while a negative value means 
they move away from each other. We see that the interac-
tion patterns are completely symmetrical, so we will focus 
on the angle ranging from 0 to 90°. 

The maximum value of the x-component of the conver-
gence velocity, u12x, is found for particles aligned along the 
direction of the sound wave. It decreases with increasing 
angle of orientation and drops to zero at about =45°. In the 
angular range of 45°<<90°, particles experience repulsion 
that reaches its maximum at approximately =60°. Com-
pared to the strong attraction at small angles, the repulsion 
is much weaker. We find that for particles aligned perpen-
dicularly to the direction of the sound wave (=90°), u12x is 
zero, so the interaction between particles along the x-axis 
vanishes.  

The y-component of the convergence velocity, u12y, has a 
maximum at about =30°. It becomes zero when particles 
are aligned along the direction of the sound wave. In the 
angular range of 60°<<90°, we find repulsion between 
particles that reaches its maximum at =90°.  

Considering the acoustic wake effect as a probable cause 
of particle agglomeration in an acoustic field, the r-com-    
ponent of the convergence velocity, u12r, which could be 
calculated by eq. (12), is more useful. A positive value of 
u12r represents the convergence of two particles. The value 
of u12r as a function of the angle is plotted in Figure 7(c) and 
(f), which shows that u12r has a maximum at =0° and de-
creases as the angle increases. The attraction between parti-
cles drops to zero at about =50°, then turns to weak repul-
sion, which reaches its maximum at =90°. We observe that  

 

Figure 7  Interaction velocity as a function of angle. (a) u12x as a function of ; (b) u12y as a function of ; (c) u12r as a function of ; (d) angular distribution 
of u12x; (e) angular distribution of u12y; (f) angular distribution of u12r. 
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particles approach each other in the angular range of 0°<<50° 
and repel each other in the angular range of 50°<<90°. 
The results of our numerical simulation coincide with the 
analytical solution of Dianov et al. [17] and the numerical 
results of Tiwary and Reethof [13], and contradict the ana-
lytical and numerical results of Gonzalez et al. [14], in 
whose studies particles aligned perpendicularly to the direc-
tion of the sound wave do not experience any interaction.  

(ii) Particle separation.  As shown in Figure 2, the con-
vergence velocity of particles aligned along the direction of 
the sound wave increases rapidly with diminishing separa-
tion r. The relationship between them can be found in Dia-
nov’s model (eq. (13)), which shows that u12 increases pro-
portionately with 1/r. A similar relationship is obtained in 
our numerical simulation. For this reason, the particle ag-
glomeration due to the acoustic wake effect represents a 
tuning fork pattern, as shown in Figures 3–6. In addition, 
we see from Figure 2 that smaller particles experience less 
attraction, which increases slowly with diminishing separa-
tion and becomes considerable only for short separations. 
However, the attraction between larger particles increases 
more rapidly with decreasing separation and could still be 
important in a long separation.  

(iii) Frequency of sound wave.  Figure 8 shows the con-
vergence velocity as a function of sound frequency for dif-
ferent pairs of particles, separated by 150 m and subjected 
to an acoustic field with a velocity amplitude of 1 m/s. The 
computational results indicate that the convergence velocity 
increases with increasing sound frequency, but levels out to 
approach a constant value at high frequencies. As frequency 
increases, the slip-flow velocity increases because of the 
increasing slip coefficient. As a result, the Reynolds number 
increases and the asymmetry of the flow field around the 
particles is enhanced. The wakes of particles produced in 
the acoustic field are stronger, which leads to a higher con-
vergence velocity. However, the slip coefficient approaches 
unity if the frequency is higher than a threshold value, then 
the particles are almost stationary and slip-flow velocity  

 

Figure 8  Dependence of the convergent velocity on the sound frequency. 

reaches a maximum constant value. A frequency above this 
threshold will not increase the convergence velocity any 
more. This threshold frequency can be determined by the 
slip coefficient (see eq. (4)). For larger particles, the thresh-
old frequencies are lower. The calculations in this paper 
agree with the analytical and numerical results of Gonzalez 
et al. [14] and contradict the analytical solution of Dianov et 
al. [17], who found an optimum frequency at which the 
convergence velocity has a maximum for a pair of particles.  

(iv) Particle size.  Figure 9 shows the convergence ve-
locity as a function of particle size. The calculations are 
carried out for particles aligned along the direction of the 
sound wave and initially separated by 200 m in an acoustic 
field with a velocity amplitude of 1 m/s. The diameter of 
one particle is kept constant, while the size of the other one 
varies. We find that the convergence velocity increases with 
increasing particle size. Similarly to the influence of the 
sound frequency, we attribute this increase to the higher slip 
coefficient for a larger particle. We see that the acoustic 
wake effect hardly acts as an effective interaction mechanism 
of agglomeration between small particles less than 2 m.  

(v) Vibration velocity amplitude of medium.  The de-
pendence of convergence velocity on the vibration velocity 
amplitude of the medium is shown in Figure 10. The com-
putational results are obtained for particles aligned along the 
direction of the sound wave with an initial separation of 200 
m. We observe that the convergence velocity increases a 
little faster than proportionally with increasing vibration 
velocity amplitude of the medium. That is because the wake 
caused behind the particle becomes stronger as velocity 
amplitude increases, and such dependence is nonlinear.  

2.4  Discussion of the computational results 

The hydrodynamic interaction due to the acoustic wake ef-
fect can be effective for particles separated by distances 
much larger than their acoustic displacements, and is not 
limited to the difference in particles sizes. Therefore, this  

 

Figure 9  Dependence of the convergent velocity on the particle size. 
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Figure 10  Dependence of the convergent velocity on U0. 

effect plays a significant role in acoustic agglomeration for 
both polydisperse and monodisperse aerosols.  

(i) As the major agglomeration mechanism of monodis-
perse aerosols.  The basis of orthokinetic interaction is the 
different entrainment coefficients of particles in the acoustic 
field. For monodisperse aerosols, orthokinetic interaction 
will not work because same-sized particles have the same 
entrainment coefficient and thus the relative motion among 
particles vanishes. However, experiments carried out by 
Shaw and Tu [18] show that monodisperse aerosols can also 

agglomerate rapidly in an acoustic filed. Moreover, the ag-
glomeration patterns of monodisperse aerosols were ob-
served directly using CCD video cameras [8,9]. Hence the 
only mechanisms to explain the phenomenon are the hy-
drodynamic interactions.  

Figure 11 shows the agglomeration patterns of same- 
sized particles aligned at six different initial angles of ori-
entation. All these calculations are carried out for particles 
with diameters of 8 m and initial separations of 150 m in 
an acoustic field which vibrated horizontally at U0=0.5 m/s 
and 2 kHz. In the figure, the x-axis refers to the direction of 
the acoustic field. The effect of gravity is neglected because 
the particles have the same diameters. Notice that the dis-
placement amplitudes of the particles and the gas medium 
are 7.0 m and 39.8 µm, respectively, which are much shorter 
than their initial separation distances. When particles align 
along the direction of the sound wave (0=0°), they ap-
proach each other and finally collide after a short time of 
10.6 ms. At 0=30°, a similar attraction pattern occurs, but 
it takes 14 ms for the particles to collide. At 0=50°, as 
shown in Figure 7(c) and (f), the convergence velocity Vr is 
almost zero. However, the -component of the convergence 
velocity V makes the particles rotate a little around the 
center of their center-line towards smaller . Then they 
enter the attraction zone and finally collide after a time of 
25 ms. At 0=60°, the particles are in the repulsion zone  

 

Figure 11  Agglomeration patterns of particles with varied initial angle of orientation. D1=D2=8 µm, R0=150 m, U0=0.5 m/s and f=2 kHz. (a) 0=0°; (b) 
0=30°; (c) 0=50°; (d) 0=60°; (e) 0=70°; (f) 0=75°. 
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and thus move away from each other at the beginning while 
moving towards the attraction zone. After a few cycles, they 
enter the attraction zone and finally collide after 42.2 ms. A 
similar agglomeration happens at 0=70° and 0=75°, but 
takes longer times of 114.8 ms and 443.7 ms, respectively. 
At an angle larger than 75°, agglomeration will still occur, 
but it takes a much longer time, which means the attraction 
due to the acoustic wake effect is not important any more. 
Therefore, our numerical results show that particle agglom-
eration could occur at an angular range larger than the at-
traction zone. Under our simulation conditions, the particles 
aligned at an angle smaller than 75° could collide in less 
than 0.5 s, so the acoustic wake effect could be a major mecha-
nism in acoustic agglomeration of monodisperse aerosols.  

(ii) As the major refill mechanism.  For polydisperse 
aerosols, orthokinetic interaction could be the dominant 
mechanism of agglomeration [19]. In the orthokinetic mech-
anism, every big particle in an aerosol, termed a core parti-
cle, will collect all other small particles within its agglom-
eration volume in one acoustic cycle. Thus, after one cycle 
the agglomeration volume of the core particle is emptied. 
No further agglomeration will occur until new particles are 
transported into this volume. The mechanisms for refilling 
the agglomeration volume are referred to as refill mecha-
nisms [8]. Many kinds of mechanisms, such as Brownian 
motion of aerosols, turbulent gas motion, and gravitational 
effect of aerosols, have been proposed as the refill mecha-
nisms. However, the refill factor based on these mecha-
nisms gives agglomeration rates several orders of magni-
tude lower than the experimentally observed rates [3,13,20]. 
Since the acoustic wake effect was revealed to play a sig-
nificant role with micron-sized particles, some researchers 
[5,6,8,13,20] tried to use it as the major mechanism to ex-
plain the rapid refilling in acoustic agglomeration.  

The cycle-averaged trajectories of small particles around 
a core particle are shown in Figure 12. All the trajectories 
are obtained in an acoustic field with U0=0.5 m/s at 2500 Hz 
in a period of ten acoustic cycles. The diameters of the 
small particles and the core particle are 2 m and 8 m, 
respectively. The hollow circle of each trajectory represents 
its initial position. Strong attraction is found for particles 
with an initial angle less than 50°. Small particles approach 
the core particle quickly in this zone. Small particles outside 
the attraction zone, i.e. the repulsion zone, move away from 
the core particle and are pushed to the attraction zone sim-
ultaneously. After a while, they reach the attraction zone 
and start to approach the core particle. We see that the at-
traction between the core particle and the majority of small 
particles near it is quite strong. Thus, the acoustic wake ef-
fect could be the major refill mechanism in acoustic ag-
glomeration. 

The refill mechanism proposed in this paper is different 
from the others which are also based on the acoustic wake 
effect, as shown in Figure 13. In the studies of Tiwary and 
Reethof [13,20], strong repulsion was found for most small  

 

Figure 12  The cycle-averaged trajectories of small particles around a 
core particle in 10 cycles. 

particles near a core particle. They concluded that small 
particles are pushed into the agglomeration volume by the 
adjacent large particles (see Figure 13(a)). Hoffmann [5] 
and Dong et al. [6] used Dianov’s analytical solution as the 
major refill mechanism. As mentioned before, this solution 
is limited for particles aligned along the direction of the 
sound wave, so in their studies small particles enter the  

 

Figure 13  Schematics of the refill mechanisms proposed by Tiwary and 
Reethof [13,20] (a), Hoffmann [5] and Dong et al. [6] (b), and in this paper (c). 
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agglomeration volume from the axial direction, as shown in 
Figure 13(b). In this paper, most small particles are pulled 
toward the core particle directly or gradually. Small parti-
cles could enter the agglomeration volume from various angles, 
as shown in Figure 13(c). Obviously, the refill mechanism 
proposed in this paper is more effective than the other two. 

3  Conclusion 

We carried out a numerical study to describe the acoustic 
wake effect in acoustic agglomeration. Good agreement was 
found between calculations and experiments by other re-
searchers. The hydrodynamic interaction due to the acoustic 
wake effect varies with the orientation angle of particles 
respect to the direction of the acoustic field. Maximum at-
traction is found between particles aligned along the direc-
tion of the sound wave, while weak repulsion is found for 
particles aligned perpendicularly to that direction. The con-
vergence velocity between two particles increases with in-
creasing particle size and diminishing separation. It increases 
with increasing sound frequency and then approaches a 
constant value.  

The result shows that the acoustic wake effect plays a 
significant role in acoustic agglomeration. It could be either 
the major agglomeration mechanism of monodisperse aero-
sols or the major refill mechanism for polydisperse aerosols 
to supplement the orthokinetic interaction.  
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