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Aerosol control is a big revolution in production and use of submicronic particles. Developing a novel aerosol con-
trol technology in the area is the study objective of this paper. Attributing to the aerosol control potential in
acoustics, a normal 16-sided aerosol aggregation chamber (pelletier dish) symmetrically installed with 16
poles of Helmholtz sound source (HSS) is successfully used to aggregate smog aerosols. The aerosols are gener-
ated by the combustion of chemicalmaterial. In the acoustic conditions of 2, 4, 8 and 16beams of opposingwaves,
the shapes of aerosol distribution always display as the specific aerosol petals of number equaling to the operat-
ing number of HSS. With the increase of the operating number, the removal effectiveness rises gradually to 1.5
wavelengths, obviously larger than half wavelengths achieved in the previous study. The results are repeatability
in experiment, and especially the aerosol aggregation can be pre-designed by acoustic field simulation.

© 2020 Elsevier B.V. All rights reserved.
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1. Introduction

It is internationally agreed that aerosol control is a big revolution in
production and use of particulate matter [1]. Aerosol /particle emission
are even present in electronics and cosmetics. Many other sectors for
example polymeric composite materials are carrying out a lot of scien-
tific and technological works. However, recent works on particle emis-
sion introduced in thin layer showcase potential risks of aerosol
releases and allow a more balanced benefit/risk analysis. For example,
many studies highlight nanoparticle emissions due to coatings, paints
[2], tiles [3]. Cases of nanoparticle exposure in the field of occupational
hygiene at coating workplaces have been reported [4]. These aspects
should be addressed on the basis of the future progress of aerosol con-
trol technique. Developing one new aerosol technology in the area is
the study objective of this paper.

Aerosol such as the chemical smog belongs to the common non-
negligible type of air pollution source. One main component of smog
aerosol is particulatematter of size no larger than 2.5 μm(PM2.5). Taking
the societal role of engineers as an example, the ‘first, do not harm’ ap-
proach, a tradition in medicine, seems not to be the consensus in
r Engineering, Nanjing Institute
engineering [3]. The massive and direct emission of such aerosol can
cause serious challenge of atmosphere and the health [5,6]. The specific
scenarios include the environmental release [1], the release to the
worker (occupational risk [7]), and the release to the consumer (health
risk [8]). Attributing to the potential utilization value of wave energy
[9–11], different types of acoustic field [12–21] are constructed to ag-
gregate different kinds of aerosols. The acoustics-aerosol studies
[19–27] contribute to the development of aerosol removal technique
[12,28].

A series research about aerosol acoustic aggregation has been re-
cently carried out in detail. For example, Zhang's team [12] verifies the
regulation range (75% ~ 85%) of the additional particles on the acoustic
agglomeration efficiency of coal-fired fly-ash particles (1–10 μm). Their
study [29] indicates the elimination feasibility of acoustic frequency
(1.5 kHz) and sound pressure level (141 dB) on fire smokes. In express-
ing the agglomeration mechanism, different from Zhang's agglomera-
tion model [30], Wei's team [31] proposes a practicable agglomeration
model for multi-phase fluid of droplet aerosol. The model simulation
is appropriate to the case in high temperature and high pressure envi-
ronment. Zheng's team [32] verifies the influence of different size fine
particles on acoustic agglomeration mechanism selection. Yan's team
[33] verifies the tuning effect of seed nuclei on acoustic fine particles re-
moval, and the tuning range of removal efficiency is 53% ~ 80% [28].
Shen's team [13] verifies the regulation range (36% to 52%) of the
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Fig. 1. Schematic diagram of setup.
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spraying method on the removal efficiency of particles (b 10 μm).
Kristina [34] develops a new acoustic chamber used for more efficiently
agglomerating small diameter particles (0.3–10 μm) within diesel en-
gine exhaust. These studies demonstrate that the appropriate aggrega-
tion chamber, the acoustic aggregation tuning, the aggregation
mechanism and the utilized aerosol type are very important in the aero-
sol removal area, but still face challenges. In order to achieve a compre-
hensive aerosol aggregation effect, the aspects of study objective here
relate to above challenges.

For the challenge of aggregation chamber, the one-dimensional
waveguide used for generating one-dimensional acoustic field is gener-
ally selected in the current studies [12,13,15–17,20,22,28]. In contrast, it
is only recently realized that the two-dimensional waveguide used for
generating two-dimensional acoustic field has potential advantage in
industrially designing huge aerosol apparatus [19]. The aggregation
chamber (waveguide) of two dimensions should be studied further.
Compare to a smaller number of sound sources generally used (such
as one source [29,35], two Helmholtz sound sources (HSS) [15,17]),
the installation of multiple sound sources allows more conveniently
for themanufacture of large-scale aerosol device [19]. Therefore, the in-
stallation method of multiple HSS is focused here. For the challenge of
acoustic aggregation tuning, the engineering advantage of multiple
acoustic wave-packet [17], phase-control [19], temperature tuning
[15] and resonance mode [16] on aerosol aggregation has been verified.
However, aerosol aggregation process tuning depended on the operat-
ing number change ofmultiple sound sources needs to be focused to en-
rich the tuning method. For the aggregation mechanism, besides the
different kinds of agglomeration kernel mechanisms [29], the mecha-
nism of acoustic radiation force should be focused [17], especially in
the two-dimension acoustic field of Bessel beams [36]. For the utilized
aerosol type, instead of the previous fire smoke [29], tobacco smoke
[17], coal-fired fly-ash particles [23] and diesel engine exhaust [15,34],
the chemical smog aerosols is focused here to enlarge the aerosol
scope of acoustic aggregation.

Accordingly, the aerosol technology studied in this paper is the smog
aerosol aggregation tuning in normal 16-sided two-dimensional
waveguide coupled with resonant sound sources of quantity 16. The
study aspects are very exceptional and novel in powder technology.
Table 1
Four modes of operating condition.

Mode
type

Number
of poles

The positions of HSS

(1,9) (2,10) (3,11) (4,12) (5,13) (6,14) (7,15) (8,16)

1 2 = 21 + − − − − − − −⁎

2 4 = 22 + − − − + − − −
3 8 = 23 + − + − + − + −
4 16 = 24 + + + + + + + +

⁎ ‘+’ and ‘- ’ respectively indicate open and closed states of HSS.
The energy-motivated type of aerosol aggregation belongs to the no-
uniform two-dimensional acoustic standing wave field modulated by
tuning pair number of symmetrically opposing HSS. This study reveals
that the aerosol aggregation process can be sensitively controlled by
the petal number of high concentration aerosol zone. The petal number
equals to the operating number ofmultiple HSS. The aerosol petal distri-
bution in two-dimensional aggregation chamber can be designed by
acoustic field pre-simulation. The findings and methodology are a valu-
able contribution to the area, a topic which occupies and will occupy
generations of researchers, particularly in the field of submicronic
particles.

2. Experiment and method

2.1. Experimental setup

Fig. 1 shows the acoustic coupling device with one regular wave-
guide and sixteen HSS. Around the center of waveguide, eight pairs of
same opposing HSS are symmetrically assembled on side center of reg-
ular polygon cavity with 16 edges. One HSS is composed of Helmholtz
resonator (HR) and electro-magnetic speaker. The diameter of the inter-
nally tangent circle is 480 mm. The size of device satisfies the similarity
condition of resonance [17],

nc0
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4π2
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Here n = 5 is the harmonic order of waveguide; Ln = 48 cm is the
distance of two opposing HSS; c0 is the sound velocity of air; de =
8 mm, le = 4.5 mm, lt = 4.5 mm and dt = 35 mm are the geometric
size of HR; f0= 1.805 kHz is resonance frequency of HR, and also equals
to the fifth order harmonic frequency of waveguide. With the input fre-
quency f0 = c0/λ of electric signal for speaker, the setup works at the
acoustic state of resonance. λ = 192 mm is the wavelength of acoustic
wave. For generating two-dimensional acoustic standing wave field,
the height (60 mm) of waveguide should be less than half-
wavelength. In the horizontal direction of waveguide, the dimension
parameter of set-up can be changed. The value ranges of all parameters
must satisfy Eq. 1, which can be used to design the size and frequency
parameters of the large-scale aerosol device in future industrial
manufacture.

In the counterclockwise direction, each sign of Hi (i is integer)
stamps each HSS. A pair of opposing HSS consists of two opposing HSS,
such as the first pair including H1 and H9, abbreviated as (1,9). The
total number of pairs is eight, and each pair is shown in Table 1. For gen-
erating symmetrically opposing acoustic field with high quality [37,38],
arbitrary two opposingHSS is demonstrated as onewhole unit including
two poles of sources, and their phase equals π [19]. This single unit is
stamped as the position array of HSS. Based on the symmetrically oppos-
ing principle of synthetic standing wave field [17], there exist different
operating conditions with four types of modes. The series of mode
type is demonstrated as the index m of power operation 2m that equals
to the pole number of operating HSS. It should be note that these oper-
ating modes have not been focused in previous study.

In the experimental process, the input signal of speaker is the specific
electric voltage of sinusoid with the frequency 1.805 kHz and the ampli-
tude in range of 0.5–10 V. It is generally considered that the acoustic
wave with the low frequency of 1.805 kHz similar to 1.286 kHz [17],
1.5 kHz [29] and 2.642 kHz [19] has specific advantage in smog aerosol
aggregation. The sound pressure amplitude is about 60 Pa. The ampli-
tude variation depends on the experimentally optimal aerosol aggrega-
tion effect. The maximum of low concentration aerosol area is selected
as the parameter characterizing the optimal effect [17,19,38]. Chemical
smog with main compounds of tetramethrin and three chlorine per-
methrin [19] is inhaled into waveguide to display aerosol aggregation



Fig. 2. Arrangement for the test points.
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effect. The smog aerosol source is the specific combustion process of
chemical material. The initial aerosol size distributions and the amount
percents are of 0.3–0.5 μm for 56.25%, 0.5–1.0 μm for 18.7%, 1.0–2.5 μm
for 16.24%, 2.5–5 μm for 6.34%, 5.0–10.0 μm for 2.02%, N10.0 μm for
0.45%. The aerosol characteristic data is measured out by the particle
counter of type PlantTower I. The measured results are similar to the to-
bacco smoke material [17]. The experimental temperature is 25 °C.

2.2. Methods

2.2.1. Aggregation mechanism
For the no-uniform two-dimensional acoustic standing wave field,

acoustic radiation force Frad is generally applied to the aerosols of size
much smaller than wave-length. Once the small smog particle equals
to the compressible sphere, the Frad of acoustic field on a single particle
can be expressed as [39,40],

Frad ¼ − πA2Vptβfm= 2λð Þ
� �

ψ β;ρð Þ sin 2kxð Þ ð2aÞ

ψ β;ρð Þ ¼ 5ρpt−2ρfm

2ρpt þ ρfm
−

βpt

βfm
ð2bÞ

Here, A is the amplitude of sound pressure; Vpt is the volume of par-
ticle; ρ and β are respectively the compressible coefficient and density,
and the subscripts of “pt” and “fm” represent respectively the particle
and the fluid medium; k is the wave number; x is the position relating
to the anti-node and node of standing wave. ψ(ρ,β) is the acoustic
Fig. 3. The manipulation effect w
contrast factor depended on the physical characteristic of particle and
its surrounding fluid. Attributing to the practically complex particle
characteristic of chemical smog and the regime of Frad, for the aerosol
of ψ(ρ,β) N 0, the particles are driven and accumulated to the node of
standing wave; for the aerosol of ψ(ρ,β) b 0, the aerosol particles are
driven and accumulated to the anti-node of standing wave.

2.2.2. Removal evaluation
In the action process of acoustic field, the aggregation performance

at any moment can be evaluated by the removal efficiency. For each
aerosol size range, the efficiency at certain moment can be weighed
by Eq. 3,

η ¼ Cinitial−Cmoment

Cinitial
� 100% ð3Þ

Here Cinitial is the initial aerosol number concentration; Cmoment is the
aerosol number concentration at other moment. With the acoustic
sustained action, η weighs the aerosol concentration variation.

2.2.3. The analysis of acoustic field
For measuring the characteristic of acoustic field, 11 test points for

the positions of acoustic sensor are shown in Fig. 2. The center of regular
polygon with 16-sides is stamped as O, which is defined as the origin of
three-dimensional Cartesian coordinate system x-y-z. The radiuses of
the internally and externally tangent circles for the polygon are respec-
tively stamped as the line segments of OM and OQ. The two segments
are uniformly divided by 11 test points of x1 to x11. The distance of adja-
cent points is about one quarter of acoustic wavelength. Attributing to
the symmetrical characteristic of regular polygon and the homogeny
of 16 HSS, the measurement of sound pressure on the x-y plane can be
simplified as the measurement on quarter planeMOR of 16-sides wave-
guide. Under the operating condition with one pair of opposing HSS, 4
test points on quarter plane can be equivalently detected by
selecting different HSS pair, such as the operating alternation from H
(1,9) to H(2,10). Using thismethod, the pressure distribution on quarter
plane can be equivalently acquired by the divided test points onOM and
OQ.

For conveniently evaluating the characteristic of acoustic field with
different pairs of opposing HSS, the sound pressure distribution in
space and time can be calculated. For the general consideration
neglecting dissipation, the kernel equation of this calculation process
is wave equation,

∂
∂x

jx þ
∂
∂y

jy þ
∂
∂z

jz

� �2

pþ kp ¼ 0 ð4Þ
ith one pair of resonators.



Fig. 4. The aerosol characteristic.

Table 2
The evaluation for aerosol removal coefficient.

Aerosol size distribution
(μm)

Removal coefficient (%)

0.3–0.5 0.5–1.0 1.0–2.5 2.5–5.0 5.0–10 N10

Low concentration zone at
23 min

36.5 46.5 85.4 94.6 96.1 97.1

High concentration zone at
23 min

−15.5 −14.2 17.6 61.1 65.9 76.7⁎

Final state 82.3 82.4 82.7 84.5 84.9 88.5
The previous work [17] 85.9 88.9 97.7 99.1 88.5 99.7

⁎ Negative values indicates the increase of number concentration.
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where k is wave number; jx, jy and jz are the unit direction vector of co-
ordinate axis. Combing the point source type of boundary condition
provided by Table 1, the complex aerosol-acoustics systemwith oppos-
ing HSS is predicable. Under different operating modes, the specific in-
homogeneous acoustic field synthesized in waveguide can be
simulated by using the scientific Ansys soft with the acoustic analysis
model based on Eq. 4.

3. Results and analysis

3.1. The aggregation performance in operating mode 1

3.1.1. Aerosol concentration and removal efficiency
Fig. 3 shows experimentally themacro aggregation pattern in wave-

guide under the operatingmode condition of two poles. The dark zoneA
in the middle of waveguide represents the low concentration zone. The
bright zones BI and BII represent the high concentration zone. The
boundaries between zone A and B constitute the pattern of “I” shape
shown by arc curves in picture. With the sustained action of acoustic
field, the gradually clear boundary curves demonstrate that the high
and low concentration characteristic gradually become obvious. The
dispersed C zoneswith high concentration in zoneA gradually diminish.
The patternwidth in the ends of I shape ismuch larger than thewidth λ/
4 of its middle. This characteristic length represents the size of aerosol
removal within pattern I.

Fig. 4 quantifies the number concentration variation for each aerosol
size range. The initial state corresponds to the beginningmoment of de-
vice operation. The high and low concentration zones correspond to the
middle state for the acoustic action of 23 min. The final state corre-
sponds to the acoustic action of 50 min, close to the previous 56 min
[17]. It can be seen that the final state concentrations for the size ranges
of six are obviously less than the initial state concentrations. The aerosol
numbers in the high concentration zone are alsomuch less than those in
the low concentration zone. For the aerosol size range about b1.0 μm,
the aerosol numbers in the high concentration zone is seemingly larger
than that in the initial state, while the aerosol numbers in the low con-
centration zone are less than that in the initial state. For the aerosol size
range about N1.0 μm, the aerosol numbers in the low concentration
zone are obviously less than that in thefinal state, even though the aero-
sol numbers in the high concentration zone are larger than that in the
final state. These results demonstrate that the aggregation effect in the
low concentration zone is much better than that in the high
concentration zone.

Combing the experimental concentration data and Eq. 3, the re-
moval efficiencies for all size ranges can be calculated, and the evaluated
results are listed in Table 2. The removal coefficients in the low concen-
tration zone are all larger than that in the high concentration zone. The
former variation velocity of efficiency is larger than that for the later.
The negative values in the size range of 0.3–1.0 μm demonstrate the
concentration increase characteristic in the high concentration zone.
For each size range, the aerosol number rates of high/low concentration
zones are respectively about 1.8 (0.3–0.5 μm), 2.1 (0.5–1.0 μm), 5.6
(1.0–2.5 μm), 7.2 (2.5–5.0 μm), 8.7 (5.0–10 μm), 8.0 (N10 μm). Further,
at the end of experiment, the removal coefficients all reach the values
larger than 82%, near the previous minimum of 85.9%. Nevertheless,
here the efficiency range is 82.3% - 88.5%.
3.1.2. Aerosol deposition
Fig. 5 shows the macro and micro deposition aggregated on the

inner surface of waveguide. With the action of acoustic field, a layer of
carmine deposition is adhered on the bottom of transparent glass
plate. The transparency degree of plate represents the severe extent of



Fig. 5. The deposition distribution. (a) Macrograph, (b) and (c) electron microscope
respectively in zone CI and CII.
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acoustic sedimentation process for the aerosols. As shown in Fig. 5a, the
high (in zoneA) and low (in zoneBI andBII) transparency zones onplate
approximately constitute the shape of “I”, similar to the shape of aerosol
concentration distribution analyzed in Section 3.1.1. The lower trans-
parency in zones of BI and BII compared with the zone A demonstrates
the deposition in zone A is seemingly thicker than that in zone B. Such
thickness difference indicates the extent of aerosol aggregation and sed-
imentation process in zone A is much severer than that in zone B.

Fig. 5 bandcrespectivelyshowsthemicrodepositioncharacteristicof
the thickzoneCI and the thin zoneCII. The thickdeposition layer in Fig. 5b
consists of the conjoint agglomerates with dispersed spacing pieces of
size about 28–204 μm. The thin deposition layer in Fig. 5c consists of the
dispersed agglomerates with spacing of size about 115–310 μm.
Fig. 6. The SEM image of aggregate. (a), (b), (c) an
Fig. 6 shows the detail characteristic of thick deposition in zone CI. A
layer of small tabular solid aggregates are covered on the surface of
waveguide. As shown in Fig. 6a, the size range of small tabular aggregate
is about 1.668–6.01 μm.With larger magnification in Fig. 6b, the surface
of small aggregate has regular grooves of size range about 394.6–
1296 nm, and the edges of grooves in Fig. 6c are covered with aggregate
particles of sizes 67.08–210.1 nm. These large particles are comprised of
nanoparticles 11.12–20.7 nm, as shown in Fig. 6d.

3.2. Acoustic field and its relation to aerosol aggregation

Fig. 7 shows the characteristic of acoustic field in simulation and ex-
periment under the operating condition of mode 1. As the instanta-
neous sound pressure of intensity in the range of −0.22 to 1 is divided
into 18 equal parts, the simulated pressure distribution is displayed in
Fig. 7a. This division quantifies the structure of acoustic field corre-
sponding to fluctuation regulation. The acoustic field structure reveals
the specific distribution pattern with two symmetrical sections. Around
the center of distribution, the symmetrical pattern is the shape of “I”
similar to the aggregation pattern analyzed in Section 3.1. Combing
with the experimental wavepackets [17] in Fig. 7c, the pressure fluctu-
ation extent at the position near HSS ismuchgreater than that at the po-
sition far away HSS. Attributing to the complex chemical smog aerosol
with the acoustic radiation force regime equation 2, the solely obvious
pressure gradient between the positions x3 and x6 causes numerous
aerosols in the anti-neck [17] zone around x5. For the acoustic field
d (d) correspond to different magnifications.



Fig. 7. The distribution of sound pressure. (a) And (b) respectively refer to the simulated and experimental results; (c) and (d) respectively refers to the experimental wave packets along
OM and OR.
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between x1 and x3, the actual geometry of neck instead of dot [19]
causes the few aerosols in the neck zone.

Using the sound pressure amplitude at each position measured
within quarter plane of MOR, the experimental pressure distribution is
displayed in Fig. 7b. It can be seen that the experimental distribution
is similar to the simulated distribution. While numerous aerosols exists
in the strength acoustic filed A, the week acoustic field B results in the
few aerosols and thick deposition. The similarly low sound pressure
along OR in Fig. 7b and the similarly week pressure gradient between
x1 and x3 in Fig. 7d simultaneously cause the similar thickness in the
whole deposition zone A in Fig. 5a. Such manipulation effect should de-
rive from the strong aggregation, sedimentation and removal based on
the secondary radiation force [17].

The structure similarity of pattern I in Figs. 3, 5a and 7a demonstrates
the equal pressure pattern in themiddle of simulated distribution quan-
tifies similarly the specific size of pattern I for aerosol aggregation effect.
For conveniently weighing the size, as shown in Fig. 7a, one equal pres-
sure pattern is defined as themain characteristic length a, where a= λ/
2 (half wavelength). This characteristic length is two times than the ex-
perimental value λ/4 shown in Fig. 3. Even though that, large character-
istic length causes large size of pattern I and better aerosol aggregation,
especially the excellent removal effect in the low concentration zone.

3.3. The effective aggregation in other three operating modes

Fig. 8 shows the aerosol aggregation patterns caused by symmetri-
cally opposing acoustic fields with two, four and eight pairs of resona-
tors. Just as the relation between aerosol pattern and simulated
acoustic field analyzed in Section 3.2, the experimental aerosol aggrega-
tion effect shown in Fig. 8 a~c perfectly corresponds to the simulated
acoustic filed structure shown in Fig. 8 d~f under the operating condi-
tions. The high concentration zones for aerosols constitute the specific
patterns with different aerosol petals. The number of petals equals to
the pole number of operating HSS, and the number concentrations out-
side the aerosol petals are very low.

It is noteworthy that the effect of aerosol petal pattern shown in Fig.
8a very well agrees with the verified X-pattern effect [19] without re-
gard of its aerosol aggregation chamber of square cavity. The previous
reference [19] demonstrates that the pattern width in the four ends of
X shape is close to zero. In contrast, here the end width of X shape pat-
tern similarly equals to the side of normal 16-sided waveguide. The
large width of the X-end indicates the edge number tuning method of
the polygon aggregation chamber has potential in developing industrial
numerous aerosol aggregation control technology. This aerosol tuning
aspect has not been proposed in previous other aerosol control study.

Besides, depended on the symmetrical structure characteristic of
aerosol pattern and acoustic field, the main areas for the aerosol re-
moval and the annular pressure pattern in the middle of waveguide
are determined simultaneously. Such simultaneity indicates the aerosol
petal distribution in two-dimensional waveguide can be pre-designed
by acoustic field simulation in the future improvement of aerosol tech-
nology. The technological use of acoustic field simulation decreases the
complexity in the process of industrially manufacturing precise aerosol
device. Furthermore, for the low concentration zone, the experimental
characteristic length for aerosol removal area can be evaluated by the
diameter of macro circle A. With the similar quantifying method about
the simulated equal-pressure-pattern size for weighing aerosol aggre-
gation, the characteristic length a stamped in Fig. 8 d~f indicates the
simulated size of low concentration zone in circle A.

Fig. 9 shows the characteristic lengths of aerosol removal at four op-
erating conditions. These similar values in experiment and simulation
verify the feasibility of quantifying method. With the number increase
of operating HSS, the characteristic length becomes gradually large.
The maximum value is 1.5λ (16 poles), obviously larger than the



Fig. 8. The experimental manipulation and the simulated acoustic field. (a) And (d), (b) and (e), and (c) and (f) respectively refer to four, eight and sixteen HSS poles.
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previous study of half-wavelength [19]. The maximum rate of charac-
teristic length is 12 ((1.5λ)/(λ/8) = 12), compared to the one-
dimension standing wave field where a = λ/8 [17]. The enlarged char-
acteristic length verifies the operating number tuningmethod of multi-
ple HSS has potential in the development of the industrial aerosol
aggregation control technology. The middle variable between the oper-
ating number tuning and the aerosol control is the petal number and
size of aerosol aggregation pattern.

Especially, referring to the comparison from 2 HSS poles to 16 HSS
poles, the maximum rate of the removal areas in two different modes
reaches 36 ((1.5λ)2/(0.25λ)2 = 36). The large removal area means the
better aggregation effect, and the aggregation rate represented by the
area rate achieves to 36. The big aggregation rate further indicates
that the findings and methodology studied in this paper have specific
potential in designing huge aerosol device used for submicronic parti-
cle emission control. The potential device should belong to the revolu-
tionary aerosol technology. It can be predicted that the future
industrial utilization in the workplace with aerosol emission might
brought the eliminations of the occupational risk of worker [7] and
Fig. 9. The sizes of low concentration zone.
the health risk of consumer [8]. With the hope of achieving this objec-
tive, several generations of researches should be encouraged to carry
out further study [1].
4. Conclusions

The aerosols aggregated through the symmetrically opposing acous-
tic filed modulated by the pole number of opposing HSS in normal 16-
sided waveguide are studied. No-uniform two-dimensional acoustic
standing wave fields in the four regular operating modes of working
HSS are focused on both in experiment and simulation. The smog aero-
sol generated in the combustion of chemical material is used to display
the aggregation effect. The initial amount percent of submicronic parti-
cles within the aerosols is about 75%, and the amount percent of PM2.5 is
about 91%. Results show that the aggregation effects of the acoustic field
on the chemical smog aerosol are especially obvious. Under the
operating mode of two poles, the patterns of aerosol concentration dis-
tribution, deposition and acoustic field structure are all simultaneously
displayed as the shape of “I”. For the inner of “I”, the aerosol concentra-
tion is low; the deposition is thick, and the aerosol removal efficiency is
much larger than that in the outside. At final state, the removal efficien-
cies for the aerosols of sizes N0.3 are about 82.3% - 88.5%. The nanopar-
ticles (11.12–20.7 nm) in chemical smog constitute the deposition
aggregates with regular grooves (394.6–1296 nm) on the surface of
waveguide. The experimental patterns of aerosol distribution are the
high/low concentration pattern with specific aerosol petals of number
equaling to the pole number of operating HSS. The simulated pattern
of acoustic field is similar to the experimental acoustic field, and it is
also obviously similar to the experimental aerosol pattern. Due to the
acoustic radiation force, the concentration near the center of waveguide
is much lower than that near the side. The simulated equal-pressure-
pattern around the center can represent the simulated removal effect.
The effect in the operating condition of 16 pole HSS mode is 36 times
than that in 2 pole HSS, and the characteristic length achieving to 1.5λ
weighs the effective removal. The more the poles number is, the better
the removal effect is. The aerosol aggregation effect in 16-sided wave-
guide can be regulated by tuning the operating number of symmetri-
cally opposing HSS. The findings and methodology are a valuable
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contribution to the area of aerosol control, particularly in the field of
submicronic particles.
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