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Abstract: - This paper deals with the influence of acoustic field on agglomeration of quartz sand particles
in the air flow. It is established that particle concentration in polluted air flow decreases in presence of
acoustic field. The change in concentration of particles in air caused by application of acoustic field is

sensitive to particle size.

Keywords: - quartz sand particles, air flow, acoustic agglomeration.

1. INTRODUCTION

Currently acoustic waves are also used to
manipulate particle flows. For example, the rate of
sedimentation of micron and submicron scale ash
particles in electrostatic precipitator disposed after
the combustion chamber significantly increased after
the particles were affected by strong acoustic field
[1, 2]. A similar technique was used to induce
agglomeration of particles in exhaust system of
Diesel engine [3]. The average separation efficiency
of cyclone separator increased from 87.2 to 97.5% in
presence of acoustic field [4]. Ultrasonic acoustic
waves can be also used to break agglomerates of
particles [5]. Acoustic waves focused on surface of
agglomerate break the adhesion bonds between
coherent ultrafine particles [6, 7]. Ultrasound waves
are also used to create cell clusters and colloidal
particles [8-11] as well as to atomize liquid films
into fine (about 1 um and less) droplets [12].

Acoustic waves cause various effects in particle
flow or suspension. These effects have different
origins [13]. Particle-particle interaction effects in
presence of acoustic field can be divided into
primary and secondary effects. Primary effects are
dominant; they cause agglomeration due to
orthokinetic collisions of particles and acoustic

excitation effects (or hydrodynamic interactions).
However, if the particles are less than 1 pm in size,
Brownian motion can be also significant [14, 15].
Orthokinetic collisions occur between suspended
particles that are different in size. When particles
oscillate with surrounding medium, inertial
displacement  of  larger  particles  exceeds
displacement of finer ones. This results in increase
of relative velocity and increase of frequency of
collisions between particles. Orthokinetic
interactions are defined by oscillation velocity of
acoustic wave and phase difference of particles in
surrounding air flow. This velocity difference is
determined by factor 7, defined as ratio of particle
velocity amplitude to the medium velocity amplitude
and condition factor ¢, defined as phase delay
between oscillations of particle and medium. These
two values can be expressed as acoustic angular
velocity o and relaxation time of a particle [16]:
7, = ppdz/ 184, where p,, is the particle density, d is
the diameter of the particle and u is the gas dynamic
viscosity.

When 7 — 0 and ¢ — 0, the particle moves
uniformly with medium and orthokinetic collisions
don‘t take place.

Any particle present in the agglomeration volume
around other particle [17] may collide with it if
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particle‘s path is free from deformations caused by
hydrodynamic interactions. Generally the
assumption is made that particle collision occurs
when two particles fall into corresponding
agglomeration volume [14].

The two cases of hydrodynamic interactions
between particles due to the action of acoustic field
are distinguished. In the first case the line joining
centers of two particles is perpendicular to the
direction of acoustic wave propagation. In such a
case the interaction is strongest. Acoustic waves
interpose between two particles and reduce the
pressure between them which causes particle
movement toward other particle. The trajectories of
particles take the shape of the tuning fork [18].

In the second case the line joining centers of two
particles is parallel to the direction of acoustic wave
propagation and the hydrodynamic interaction is
most efficient. When acoustic wave reaches the first
particle it causes additional displacement towards
the other particle. At the same time the first particle
shields the second particle from acoustic wave
reducing velocity of particle surrounding medium.
This “acoustic excitation” effect causes convergence
of the particles [17]. Expression of decrease of
velocity due to the presence of acoustic field was
introduced by Dianov [19], who validated it by
Ossen approach for small Reynolds number flows.

Ossen theory describes the processes that occur
between particles which are located at relatively
large distances from each other. Stokes theory is
applied for description of the processes that occur in
the obstacle sections or at low flow velocities [20].
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By combining of these two theories the particle
motion in presence of acoustic field can be fully
described

2. EXPERIMENTAL SETUP

Special stand was designed and manufactured for
experimental investigations. Scheme of the stand is
presented in Figure 1. It consists of pipes with
integrated air flow analyzers 1, acoustic chamber 2,
valve 3, fan 4, dispenser 5, HEPA filter 6 and
“Lasair II” particle detecting and counting system 8.

The air is sucked by the fan 4 (Figure 1) through
HEPA filter 6 which retains particles larger than
5 pum. Quartz sand (density 2650 kg/m®, moisture
content <0.5% ) milled to particle size less than
5 um is entrained into the air flow using dispenser 5.
Then polluted air moves to acoustic chamber 2
through valve 3. Before the acoustic chamber air
passes through pipe with analyzer 1 where the
quantity and fractional composition of particles in
air is measured by means of particle detecting and
counting system 8. Then polluted air flow is affected
by acoustic field generated by Hartmann-type
acoustic generator. Acoustic waves propagate in the
direction perpendicular to the flow. Next, the air is
released through pipe with analyzer 1 where the
quantity and fractional composition of particles is
measured once again. Thus fractional compositions
of particles before and after acoustic impact could be
compared. The picture of the stand is presented in
Figure 2.
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Figure 1. Scheme of experimental stand: 1 - pipe with integrated air flow analyzer, 2 - acoustic chamber, 3 - valve,
4 - fan, 5 — dispenser, 6 - HEPA filter, 7 - aerosol diluter “ATI TDA-D100”, 8 - “Lasair II” particle detecting and

counting system
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Figure 2. Experimental stand: (a) - overall view, (b) - acoustic chamber, (c¢) - measuring equipment

3. RESULTS OF EXPERIMENTAL
INVESTIGATIONS
Parameters of aerodynamic Hartmann-type

acoustic generator were estimated theoretically and
experimentally. Calculation and measurement results
are presented in Figure 3. Power calculation results
are presented in Figure 3 (a). Sound pressure levels
measured in the acoustic chamber are presented in
Figure 3 (b) in the form of bar chart.

During  experimental  investigations  the
concentration of particles in air before and after
acoustic impact was measured. The experimental
results are presented in Figure 4. Results show that
concentration of particles of different sizes changes
differently. It is observed that the concentration of
finer particles changes less than the coarse particles.
However in all the cases the concentration of
particles in air decreases in presence of acoustic
field. This allows suggesting that particles affected
by acoustic field move in relation to each other, then
collide and stick together. Particles agglomerate,
they become larger and heavier while their
concentration changes depending on particle size.

Particles taken from air flow before and after the
action of acoustic field were also examined by
optical microscope. Microscope images are shown in
Figures 5-8.
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Figure 3. Parameters of acoustic field emitted by acoustic
generator: (a) - theoretical calculations results, (b) -
measurement results
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Quartz sand particles which were not affected by
acoustic field are presented in Figure 5. These
particles are not stuck together. Particles affected by
acoustic waves are presented in Figure 6 and
Figure 7. Particle aggregation is observed after the
action of acoustic field.
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Figure 4. Changes in concentration of quartz sand
particles in air flow after acoustic impact: n, is the
number of particles in 1 m® of air before the action of
acoustic field, » is the number of particles in 1 m® of air
after the action of acoustic field

Figure 5. Optical microscope images of quartz sand

particles that are not affected by acoustic field

(magnification 600 times)

Experimental studies show that fine particle
aggregation in presence of acoustic field is
determined by contact interactions. Colliding
particles come in contact with their surfaces or more
exactly, with peaks or asperities on their surfaces
(Figures 6-8). The pressure arises at contact points
and local adhesion effect occurs. Many different
types of molecular forces (such as van der Waals
force, intermolecular forces, surface force fields)
causing adhesion act on the interface between
particles.

If micromovement caused by normal and
tangential forces occurs at the contact surface then
molecular surface forces start to act as an outcome.
These forces create adhesive bonds between
particles. In such a tribological situation acoustic
agglomeration occurs

(b)
Figure 6. Aggregation of quartz sand particles in
presence of acoustic field: (a) - view magnified 20 times,
(b) - view magnified 200 times, 1 - two-particle
aggregate, 2 - three-particle aggregate

(a)

(b)

Figure 7. Aggregation of quartz sand particles in
presence of acoustic field (magnification 600 times):

(a) - two-particle aggregate, (b) - three-particle aggregate
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Figure 8. Aggregates of quartz sand particles of irregular
shapes (view magnified 600 times)

4. CONCLUSIONS

The paper presents an effective and simple
approach for particle removal from air/gas. Sound
waves generated by acoustic generator are
introduced into the polluted air flow. Due to the
action of acoustic energy, number of collisions
between particles increases, particles increase in size
and become large enough to be caught by traditional
air cleaning equipment. Acoustic wave induced
particle  aggregation  process was  studied
experimentally and the following conclusions can be
stated:

—  experimental results show that particle
concentration in polluted air flow decreases in
presence of acoustic field;

—  the change in concentration of particles in air
caused by application of acoustic field depends on
particle size: concentration of finer particles
decreases less than concentration of coarser
particles. The n/n, ratio varies from 0.05 to 0.4;

—  the obtained results confirm the assumption
that particles in presence of acoustic field get
additional movements in relation to other particles,
they collide and finally become stick together — the
acoustic agglomeration occurs.
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