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Introduction

Topicality of the problem. The expansion of science and technology is
related to negative impact on the environment: the amounts of waste are
increasing, more resources are used up and environment pollution is growing.

All these materials are recycled, burned and returned to environment as a
waste. During the processes of recycling raw materials, producing half-finished
and finished products, breaking up raw materials (such as coal, different ore,
etc.), burning fossil fuel, the industry creates dust — fine hard particles flowing
in the air. Thrown out industrial gas, polluted by the dust, has to be cleaned.
The dust created during these operations consists of particles the size of which
can be from 0,01 pm. The smaller the particles are, the more difficult it is to
separate them from the cleaned air flow. The attention should be drawn to the
fact that cyclones do not compress the particles of size less than 10 pm
efficiently. The methods of compressing such size particles are costly, their
usage and maintenance is complicated.

The object of research. The object of research — acoustic cyclone and
processes taking place in it.

Aim and tasks of the work. The aim of the thesis is to develop and
explore acoustic cyclone and to improve research methods of such systems. In
order to achieve the aim the following tasks are to be completed in the thesis:
1. To carry out the review of scientific literature on the employment of
acoustic field for interaction of fine particles.

2. To analyze and ground the impact of acoustic field parameters on the
adhesion of fine particles.

3. To analyze and to ground the concept of acoustic cyclone, its working
principles and simulation of flows theoretically.

4. To design acoustic cyclone based on returning flow principle.

5. To carry out experimental research with the designed cyclone.

Methodology of research. Numerical and experimental methods are
applied in the thesis. Numerical research is carried out using special software
SolidWorks Flow Simulation 2011 2.0. Build 1525. The generated acoustic
fields of aerodynamics acoustic generators were tested according methodology
of Briiel & Kjar company.



Scientific novelty
1. The research method of fine particles’ interaction due acoustic field in
air flow is developed.
2. The methodology for the formation of the secondary flow in the
cyclone is developed.
3. Defined primary and secondary flows’ relative parameters on the
dependenses of efficiency of acoustic cyclone.

Practical value. The application of acoustic cyclone makes the process of
cleaning fine particles simplified; it becomes cheaper, takes less time and costs
less work expenditure in comparison to other currently used methods. Acoustic
cyclone can be used in various technological processes of mechanical treatment
industry.

Defended propositions

1. The new method of precipitation of fine particles is based on the
secondary flow formation in acoustic field increses the efficienty of
cleaning of acoustic cyclone.

2. Methodology for estimation of acoustic field influent on particles’ in
air flow is developed.

3. Combination of traditional dry and acoustic agglomeration cleaning
methods in acoustic cyclone extends cleaning range in regards to
particle size.

The scope of the scientific work. The thesis consists of an introduction, 4
chapters, conclusions, a list of references and a list of publications by the
author. The thesis contains 97 pages, 33 numerated equations, 60 figures and 7
tables. The first chapter is dedicated for the literature review. The research of
particles’ interaction in acoustic field and development of acoustic sources
improvement process are provided in this chapter. In the end of the chapter the
conclusions are provided and the tasks of the thesis are specified. In the second
chapter the development process and research of acoustic sources are described.
In the third chapter the impact of acoustic field parameters on fine particles’
adhesion is analyzed. In the fourth and the fifth chapters numerical and
experimental research of acoustic cyclone and their results are presented.

1. The review of acoustic cyclones, the analysis of behavior of ultrafine
particles in air flow and source of acoustic field

In order to create a system for cleaning a polluted air flow by acoustic
field effect, it is necessary to understand not only the behaviour of one particle,



but also the behaviour of all particles that appear to be in acoustic field.
Acoustic coagulation theory is based on a few physics tasks. The first one
involves the behaviour of a separate particle and the behaviour of fine particles’
system in a powerful acoustic field. The solution of this task allows estimating
the regularities of physical mechanism in particles’ adhesion in acoustic field.
In this chapter the research of fine particles’ interaction in acoustic field will be
carried out on the basis of the model of physical hydrodynamic interaction.

In acoustic field, around the flowing particle a particular viscous flowing
around hydrodynamic field is formed. Therefore, it is possible to estimate
relative movement of two or more particles only after estimating the interaction
of their flow-around fields. Depending on configuration of the particle in
particular limited conditions we can estimate hydrodynamic field around that
particle by using Navier-Stokes equation. The distribution of velocity fields
around that particle depends on Reynold’s number Re which characterizes
working conditions of the flow-around. The flowing around task of solid
spherical particle with smaller Reinold’s numbers Re<<1 was solved by Stokes.
With absolutely viscous Stokes flow-around working conditions, field of
velocities around the particle is symmetrical.

The top approximation boundary of Stokes applicability can be considered
to be as follows: when 0,5 < Re < 1,0. If velocity of particle increases, when
Re> 1, inertness of environment has significant impact on viscous flow.
Hydrodynamic flow around spherical particles becomes unsymmetrical and
Osen’s approximation has to be used for its descriptions.

Having Osen’s flow-around working conditions with long distances »
from the centre of the sphere, in the front of the sphere and in the narrow streak
behind it, a radial flow directed towards movement of the sphere occurs.

It is necessary to note that having working conditions of Stokes and
Osen’s flow-around, the nature of velocity distribution behind the particle is the
same.

Most often in the particles’ of the size less than 1-5 pm acoustic
interaction sound pressure of 140—160 dB is used and Reynold’s number- less
than 0,1-0,5.

The analysis of cyclones with acoustic generators. Acoustic cyclone
(Fig. 1) with the secondary contrary flow consist of cylindrical frame 1, a pipe
2 for supplying polluted air tangentially attached to frame’s side wall and a pipe
for removing cleaned air looking upwards through the frame’s 1 symmetry axis
3. Next to the lower part of cylindrical frame 1, conical part 5 of the frame is
attached, narrowing down from cylindrical part 1 of the frame. The narrowest
part 6 of conical frame is hermetically attached to container collecting pollution
7, at the bottom of which a damper 7 is located for removing pollution.



Acoustic generator 9 is located in the narrowest part 6 of conical frame through
the central symmetrical axis 3. The outside diameter of the nave 10 of acoustic
generator 9 is smaller than inside diameter of conical frame 6 and, thus, a gap
11 appears between them. At the bottom of the nave 10 there is a flow forming
nozzle 12 fixed and joined to the pipe 13 for supplying compressed air. Above
the nozzle 12 in the inside zone of the nave 10 there is a reflector 14 fixed, to
the outside walls of which at angle o from central cyclone axis, 3 the plates 15
are fastened. The top of the angle o is directed opposite from the direction of
the pipe 2 of polluted air supply in order to tangentially enter the cylindrical
part 1 of the frame. Two air flows emerge in the cyclone — the first flow 16 and
the second flow 17.

Fig. 1. Acoustic cyclone

Interaction of particles in the acoustic field. Hydrodynamic interactions
of particles in the acoustic adhesion play an important role. However, it is not
enough for the description of physical process and construction of a model of
acoustic conglutination, which would allow calculating acoustic energy needed



for cleaning a polluted air flow as well as estimating the characteristics of the
particles influenced by acoustic field. In order to construct an overall view of
scaly system made of large amount of particles affected by acoustic field, it is
necessary to get acoustic coagulation macro process equations.

The analysis of acoustic field sources development. Aerodynamic
generators convert kinetic energy of the flow into ultrasound frequency resilient
oscillation energy. The generators of such type can be compact enough and
their production is not complicated. In coagulation, drying and froth
extinguishing processes dynamic sirens and static sirens (also called gas flow
whistles) are the most popular among aerodynamic generators.

Static (gas flow) aerodynamic generators. In static aerodynamic
generators gas comes out with ultrasonic velocity from the nozzle 1 and
periodically fills the resonator 2, later the gas outburst coming out from
resonator collides with gas flow coming from the nozzle. Thus, the leap of
density is formed which while oscillating generates sound. The simplest
construction of such gas flow whistle (Fig. 2) was created by Hartman. The
construction consists of a nozzle, a resonator and mechanism which regulates
the volume of resonator.

If we measure the pressure of flow using Pitot tube in different distances
from the nozzle exit hole and place the results in the diagram, we would get the
curve K as illustrated in Fig. 2b.
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Fig. 2. Construction of gas flow generator: 1 —nozzle, 2 — resonator

Dynamic sirens. The working principle of dynamic sirens is based on
interruptions of compressed air flow supply. The air is supplied through system
of holes. The holes are distributed one in front of another in circle in two discs
installed in one axis: the stationary one (stator) and the spinning one (rotor). In
this manner the air flow is interrupted between the holes located in rotor and



stator. Periodical opening and closure of the holes creates altering resistance of
the air flow. This resistance alters from minimal value (the holes are fully
opened) to maximal value (the holes are fully closed). This evokes periodical
rarifying and compression of the air flow, or, in other words, resilient
oscillations.

Electro-mechanical acoustic generators. Electro-mechanical acoustic
generator is equipment which converts electricity oscillation energy into
mechanical oscillation. Electro-mechanical radiators depending on their
working principle are separated into electro-magnetic, electro-dynamic,
piezoelectric, magnetostrictive and elecrtostatic ones.

The working principle of electro-magnetic generators is based on the
moving mechanical system oscillation caused by electrical magnet evoked by
altering electricity current.

In electro-dynamic radiators oscillation is evoked by magnetic field
between stationary magnet and by electric coil interaction.

In electrostatic radiators acoustic oscillation is generated through
interaction of membrane and electric field created by stator. Stator can be made
of metal plates with holes or of tight wire.

The working principle of magnetostrictive radiators is based on oscillation
caused by pivot made of magnetoscrictive material and altering its geometric
dimensions affected by altering magnetic field.

In piezoelecrtic radiators acoustic oscillation is evoked by cell which has
piezoelectric properties and which is affected by electric field.

2. The research of parameters of acoustic sources

The formation of acoustic fields can occur for various reasons. The cases
analyzed in this chapter are related to air flows which create acoustic field.
Therefore, it is important to know the reasons for formation of acoustic field as
well as dependences on air flow, to estimate their characteristics and to select
the parameters of acoustic generators.

The formation of acoustic field in air flowing process. Acoustic oscillation
is the density of the air altering at high frequency and spreading in the
environment. In common case, in acoustics it may be called a sound.

The research of acoustic oscillation generators. Six aerodynamic
acoustic field generators were constructed and produced for the research. They
were tested in order to estimate the parameters of acoustic field generated by
them: the pressure and frequency of sound. The construction of generators is
presented in Fig. 3.
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Fig. 3. The construction of acoustic generators:
a—AAG-1; b—AAG-2; c — AAG-3; d — AAG-4; e — AAG-5; f— AAG-6.

The working principle of all presented aerodynamic acoustic generators is
the same. In static aerodynamic generators gas coming out from a nozzle 1
periodically fills a resonator 2, later the outburst of gas coming out from a
resonator collides with a gas flow coming out from the nozzle. Thus, the leap of
density is formed which oscillates and generates sound.

The characteristics of acoustic field spread by aerodynamic acoustic
generators are presented in Fig. 4. We can maintain that aerodynamic acoustic
generator AAG-6 is most pawerfull from others.
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Fig. 4. The acoustic field emitted by aerodynamic acoustic generators at different
frequency

From Fig. 4 we can find out, that the high level of pressure sound is
observed at 8 and 16 kHz.

3. Influence of acoustic field parameters on agglomeration of particles in
the air flow

Experimental research of horizontal acoustic chamber. For the research
of acoustic field parameters on adhesion of particles a special stand was
designed and produced. The stand consists of pipes with air flow analysers 1,
acoustic chamber 2, throttle 3, ventilator 4, dosator 5, HEPA filter 6, aerosol
particles diluter ‘Ati TDA-D100’ 7 and particles’ measuring and calculating
system ‘Lasair II“ 8. The scheme of stand is presented in Fig. 5.
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Fig. 5. The scheme of experimental stand
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By the help of ventilator 4 air is sucked into HEPA filter 6, which filters
particles in the air flow up to size of 5 um. Into the cleaned air flow grinded
silica sand is provided by dosator 5. The size of grinded silica sand grains is up
to 5 pm. Then, the air flow with silica sand particles moves through the throttle
3 towards the acoustic chamber 2. In front of acoustic camera 2 there is a pipe 1
with air flow analyser fixed. In this way the size of particles in the air flow is
recorded and their amount in fractions before the influence of acoustic field.
Air flow with silica sand particles enters acoustic chamber 5, where the flow is
affected by aerodynamic generator generated by acoustic field. Then, the air
flow affected by acoustic field moves through the pipe with flow analyser 1
fixed just behind the chamber 2 and flows out to the environment. Two air flow
analysers 1 fixed in front of and behind acoustic chamber 2 help us to compare
the size of particles in the flow as well as their amount in fractions before the
impact of acoustic field and after it.

The result of experiment showed that concentration of different size
particles altered differently. In the picture presented in Fig. 6 the alteration of
different size particles concentration in the air flow is illustrated.

0,5
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<
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Fig. 6. The alteration of different size particles’ concentration in air flow: n, — the
amount of particles 1 m® before the effect of acoustic field; n — the amount of particles 1
m’ after the effect of acoustic field

It was noticed that the smaller the particles are, the smaller is the
alteration of their concentration and vice versus — the larger the particles are,
the bigger alteration of their concentration is before and after the effect of the
acoustic field. In both cases, the concentration of particles after the impact of
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acoustic field was reducing. This allows making a presumption that particles
affected by acoustic field acquire displacement and approaching one another
merge. In this way agglomeration of particles takes place, the particles grow
larger and heavier and their amount is changing depending on the size of the
particle.

4. Experimental and numerical research of acoustic cyclone

Experimental research of acoustic cyclone. The aim of this chapter is to
carry out experimental and numerical research of acoustic cyclone, i.e., to
measure the parameters of the air flows existing in cyclone with and without
the secondary contrary air flow entry. These measurements are to be compared
with theoretical - numerical results. The efficiency of cleaning cyclone and
acoustic cyclone is also to be estimated. All listed parameters will be compared
and conclusions will be made on the second contrary air flow and the effect
created by acoustic source.

Acoustic cyclone was designed and constructed for experimental research.
Its construction, component parts and working principle are described in detail
in the first chapter. Complete experimental stand (Fig. 7) consists of acoustic
cyclone 1, ventilator 2, air providing pipe 3, dosator 4, compressed air
providing pipe 5, bunker 6 and aerodynamic acoustic generator 7.

From ventilator 2 air flow is provided through the pipe 3 to cyclone 1.
Between providing pipe 3 and cyclone 1, there is dosator 4 fixed, through
which silica sand is added to the air flow. In the cyclone silica sand separated
from the flow is poured to collecting bunker. Compressed air flow enters
acoustic generator’s reflector 7, where air pressure pulsations take place. The
secondary air flow pulsing goes through vanes 8 that turn the flow and further
on the secondary flow, whirling the opposite direction to the main flow, rises
upwards.

The research of the air flows in cyclones. In the walls of constructed
cyclone the holes were additionally drilled, through which Pitot tube could be
entered and used for air flow measuring (Fig. 8). Pitot tube were entered
through each hole and the air flow was measured in four directions.

The data collected during measuring process was presented in a graph and
diagrams of flows’ velocities were drawn across and along the central axis of
the cyclone. The diagrams of air flow velocities are presented in Fig. 9. The
arrows placed next to the curves display the direction of the air flow.
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Fig. 9. Graphs of the flows’ velocities in acoustic cyclone
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Experimental research of cyclones’ cleaning efficiency. Before the
research of cyclones® efficiency, acoustic background existing in cyclone while
providing the main air flow from ventilator in three sections of cyclone was
measured using Bruel & Kjer measuring equipment. Then the flow of
compressed air was spread into aerodynamic acoustic generator. The acoustic
field spread by generator in the cyclone was measured in the same three
sections (Fig. 10).

The average sound level in acoustic cyclone is about 120 dB, but the
pitches of sound level are recorded at every 8 kHz, that is at 8 kHz, 16 kHz and
24 kH. At the pitches the sound reaches up to pressure amplitude 170 dB.
Therefore, we can maintain that air pressure pulsations in aerodynamic acoustic
generator take place at frequency of 8 kHz.

Autospectrum(Signal 1) - Mark 3 (Real) \ FFT Analyzer
dB/1u Pa]

160

80

4k 8k 12k 16k 20k 24k
Hz1

Fig. 10. Acoustic field inside acoustic cyclone

Cleaning efficiency of traditional cyclone varied from 82,9 to 90,2
percent., the average 87,2 percent., and cleaning efficiency of acoustic cyclone
— from 97,1 to 98,0 percent., the average 97,5 percent. Therefore, we can claim
that the impact of the secondary flow and acoustic field significantly increases
the efficiency of cyclone’s cleaning.

In Fig. 11 dependence of cleaning efficiency upon the ratio Q,/Q,, that is,
the ratio of the main (primary) air flow Q; and the contrary (secondary) air flow

Q.
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Fig. 11. The dependence of cleaning efficiency upon Q,/Q;: Q; — the primary air flow;
Q, — the secondary air flow

100
o B
5 96
5 9%
Q
£ 92
o 90
£ 88
2 86
C© 84
82
0,024 0,03 0,034 0,036
Q,/Q,

Fig. 12. Dependence of cleaning efficiency upon acoustic field*s frequency

The highest efficiency of acoustic cyclone was revealed while effecting
polluted air flow by acoustic field of 8 kHz frequency (Fig. 12). During the
experiment it was also noticed that the effect of acoustic generator was highest
on detachment of larger particles. In the meantime, for the detachment of the
smallest particles (smaller than 1 pm) ultrasound acoustic generator should be
used.
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Numerical research of acoustic cyclone. In this chapter the processes
that take place in cyclones are analyzed. Numerical research is carried out using
software SolidWorks Flow Simulation 2011 2.0. Flow Simulation solves the
Navier-Stokes equations, withch are formulation of mass, momentum and
energy conservation laws for fluid flows. The equations are supplemented by
fluid state equations defining the nature of the fluid, and by empirical
dependencies of fluid density, viscousity and thermal conductivity on
temperature. A particular problem is finally speciefied by the definition of its
geometry and initial conditions.

Flow Simulation is capable of predicting both laminar and turbulent
flows. Most of the fluid flows encountered in engineering practice are
turbulent, so Flow Simulations was mainly developed to simulate and study
turbulent flows. To predict turbulent flows, the Faver-avaraged Navier-Stokes
equations are used.

Numerical simulation carried out allows to understanding the processes
that take place in cyclones easier.

The results of numerical research of acoustic cyclone. The results of
numerical research of the acoustic cyclone with the secondary contrary flow are
presented in a graph in Fig. 13.
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Fig. 13. Numerical analysis of air flows in acoustic cyclone: a — temperature values;
b — velocity values; ¢ — pressure values

The main exclusivity of the acoustic cyclone is located in the integrated
aerodynamic acoustic generator, at the lower part of the cyclone. As numerical
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research showed in the reflector of the generator intensive pressure pulsations
take place which generate acoustic field.

General conclusions

1.

The connection of acoustic agglomeration and cyclone air cleaning
methods significantly enhances the efficiency of cyclone air cleaning
and makes it possible to use it for ultrafine particle separation from the
cleaned air flow.

Having measured the parameters of acoustic field inside acoustic
cyclone, we can maintain that aerodynamic acoustic generator matches
with pressure of acoustic field provided in literature — 140—160 dB by
which the interaction, that is adhesion of particles with 1-5 um
diameter takes place. Such level of pressure sound is observed at 8, 16
and 24 kHz, that is at every 8 kHz.

Numerical research showed that the highest pressure pulsations in
acoustic cyclone take place in aerodynamic acoustic generator:
minimum pressure — 54,4 kPa; maximum pressure — 267,6 kPa.
Pressure pulsation generates acoustic field which affects the finest
particles: they interact with one another, agglomerate, increase and
become heavier and later, affected by rotary gravitational forces, they
are removed from the cleaned air flow.

The entry of the contrary secondary flow into cyclone significantly
influences the processes in it: in the conical part contrary whirling
flow opposite to the main flow is formed, the air flow velocities are
increased, high pressure pulsations are evoked, and in the lower part of
the cyclone chaotic turbulent movement of the air flow is developed.
The impact of the secondary stream and acoustic field significantly
increases the efficiency of cyclone control. The experiment showed
that the average efficiency of cleaning traditional cyclone reached 87,7
percent, while that of acoustic cyclone reached 97,5 percent. The
highest efficiency of cyclone was reached when affecting polluted air
flow by 8 kHz frequency acoustic field.
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AKUSTINIO CIKLONO TYRIMAS

Problemos aktualumas. Mokslo ir technikos plétra yra susijusi su
neigiama jtaka aplinkai: didéja atlieky kiekis, sunaudojama daugiau istekliy,
labiau terSiama aplinka. Gamybos medziagos perdirbamos, deginamos ir
atlieky pavidalu vél patenka j aplinka.

Perdirbant Zaliavas, gaminant pusfabrikacius ir galutinius produktus,
smulkinant Zzaliavas (akmens anglj, riida ir pan.), deginant iSkastinj kura,
pramonéje susidaro dulkés — smulkiadispersinés kietosios dalelés, pakibusios
ore. Ismetamosios pramoninés dujos, uZtertos dulkémis, turi bati valomos. Siy
operacijy metu susiformavusiy dulkes sudaranciy daleliy dydis bna nuo
0,01 pm. Kuo mazesnés dalelés, tuo sudétingiau jas atskirti i§ valomo oro
srauto. Reikia atkreipti démesj, kad ciklonai daleles, kuriy dydis yra maZzesnis
kaip 20 pm, sulaiko neefektyviai. Metodai tokio dydzio daleléms atskirti yra
brangiis, juy eksploatacija ir priezitira sudétinga.

Tyrimy objektas. Tyrimy objektas — akustinis ciklonas ir procesai
vykstantys jame.

Darbo tikslas ir uzdaviniai. I$tirti akustinj ciklona ir suformuluoti jo
tyrimo metodika. Darbo tikslui pasiekti darbe sprendziami $ie uzdaviniai:

1. Atlikti mokslinés literattiros apzvalga apie ciklonuose naudojamo
akustinio lauko poveikj smulkiy daleliy aglomeracijai.

2. I3analizuoti ir pagristi akustinio lauko parametry jtaka smulkiy daleliy
sukibimui ciklono srautuose.

3. I3analizuoti ir teoriSkai bei eksperimentiSkai pagristi procesus,
vykstanc¢ius akustiniame ciklone.

4. Sukurti akustinio ciklono prototipa, pagrista griztamojo srauto
principu.

5. Atlikti sukurto akustinio ciklono eksperimentinius tyrimus.

Darbo mokslinis naujumas
1. Pasitlytas eksperimentinis akustinio lauko parametry poveikio
smulkioms daleléms ciklono oro sraute tyrimo metodas.
2. Pasitilyta metodika, leidZianti formuoti antrinj srautg ciklone.
3. Nustatyta pirminio ir antrinio srauty santykiniy parametry jtaka
akustinio ciklono efektyvumui.

Tyrimy metodika. Darbe taikomi skaitiniai ir eksperimentiniai metodai.
Skaitiniai tyrimai atlikti baigtiniy elementy metodu paremta programine jranga
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. SolidWorks 2011 SP2.0 Flow Simulation 2011 2.0. Build 1525%. Atlikti
aerodinaminiy akustiniy generatoriy skleidziamy akustiniy lauky matavimai.
Pagal sukurta metodika nustatytas akustinio lauko parametry poveikis daleléms
oro sraute ir eksperimentiskai iStirtas naujai sukurtas akustinio ciklono
prototipas.

Praktiné reik§Smé. Taikant akustinj ciklona, labai supaprastinamas
smulkiy daleliy valymo procesas, jis tampa pigesnis, uzima maziau laiko ir
darbo sagnaudy, lyginant su Kkitais §iuo metu taikomais biidais. Akustinis
ciklonas gali biti naudojamas jvairiy apdirbamosios pramonés technologiniy
procesy metu.

Ginamieji teiginiai

1. Pateikas smulkiy daleliy nusodinimo biidas, pagristas antrinio srauto
formavimu akustiniame ciklone, padidina jrenginio valymo
efektyvuma.

2. Sukurta metodika leidzia jvertinti akustinio lauko parametry poveikj
smulkioms daleléms oro sraute.

3. Apjungus tradicinius sausuosius ir akustinés daleliy aglomeracijos oro
valymo metodus akustinis ciklonas gali iSvalyti platesnio dydziy
diapazono daleles.

Darbo apimtis. Darba sudaro jvadas, 4 skyriai, i§vados, literattiros bei
autoriaus publikacijy saraSai. Disertacijos apimtis — 94 puslapiai neskaitant
priedo, 33 numeruotos formulés, 60 iliustracijy ir 7 lentelés. Pirmasis skyrius
skirtas literatiiros apzvalgai. Jame pateikta daleliy saveikos akustiniame lauke ir
akustiniy $altiniy tobulinimo raidos analizé. Skyriaus pabaigoje formuluojamos
iSvados ir tikslinami disertacijos uzdaviniai. Antrajame skyriuje apraSomi
akustiniy Saltiniy kiirimas bei tyrimai. TreCiajame skyriuje tiriama akustinio
lauko parametry jtaka smulkiy daleliy sukibimui. Ketvirtajame skyriuje pateikti
skaitiniai ir eksperimentiniai akustinio ciklono tyrimai bei jy rezultatai.

Bendrosios iSvados

1. Atlikus oro valymo metody analize, jvertinus eksperimentinius bei
teorinius tyrimus nustatyta, kad akustinés aglomeracijos ir ciklono oro
valymo budy apjungimas Zenkliai padidina ciklono oro valymo
efektyvuma bei suteikia galimybe taikyti ji ultrasmulkiy daleliy
atskyrimui i§ valomo oro srauto.

2. ISmatavus akustinio lauko parametrus akustinio ciklono viduje galime
teigti, kad aerodinaminio akustinio generatoriaus skleidziamas
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akustinis laukas atitinka literatiiroje nurodoma 140—160 dB akustinio
lauko slégj, prie kurio vyksta 1-5 pm skersmens daleliy aglomeracija.
Toks garso slégio lygis stebimas prie 8, 16 ir 24 kHz, kas 8 kHz.

3. Skaitiniai tyrimai parodé¢, kad didziausios akustinio ciklono slégio
pulsacijos vyksta aerodinaminiame akustiniame generatoriuje:
minimalus slégis lygus — 54,4 kPa, maksimalus — 267,6 kPa. Slégio
pulsacija generuoja akustinj lauka, jo veikiamos smulkiausios dalelés
saveikauja tarpusavyje, sukimba, sustambéja ir pasunkéja, o tada
veikiamos i§centriniy ir gravitaciniy jégy paSalinamos i§ valomo oro
srauto.

4. Papildomas antrinio priespriesinio srauto padavimas j akustinj ciklona
zenkliai jtakoja ciklone vykstanCius procesus: kaginéje dalyje
susiformaves prieSprieSinis sukurinis srautas pagrindinio srauto
atzvilgiu, padidina oro srauty greiti, sukelia dideles slégio pulsacijas
akustinio generatoriaus, apatinéje ciklono kiigio dalyje.

5. Antrinio srauto ir akustinio lauko poveikis Zenkliai padidina ciklono
valymo efektyvuma. Eksperimento metu tradicinio ciklono vidutinis
valymo efektyvumas siekia — 87,2 proc., tuo tarpu akustinio ciklono —
97,5 proc. Ciklono didziausias efektyvumas pasireiSkia veikiant
uzter$ta oro srauta 8 kHz daznio akustiniu lauku.
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