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ABSTRACT

This paper deals with the possibility of chargingldransporting macroscopic particles in AC elecfield.
The model of electric precipitator with dielectriollector electrode powered by AC high voltage was
constructed and tested in a great number experisadiite precipitation efficiency of this model foree types
of dust with specific resistivity in range of®200 Q.m was tested. The possibility of the usage of the electrode
systems with barrier in practice is shown in thégppr.

1. INTRODUCTION

In present days there is a number of precipitagpes, though the most used are high voltage etectri
precipitators powered by DC high voltage, sinceytaee able to ensure high clearance of gas stréahigh
voltage precipitator powered by DC voltage worksthd the specific resistance of solid contaminhas the
size in a certain range. When the electrophysicapgrties of separated media do not fit the requéngts of
precipitation processes with DC supply, it is neeeg to find other technological procedures. Onedheim
seems to be the precipitation with AC voltage.

2. THE REASON OF AC VOLTAGE APPLICATION

The electric precipitator with direct voltage worksst if the specific resistance of contaminaninishe
range from 10to 10° Q.m [2]. If the specific resistance of a contaminant is higher, with a great possibility a
back-corona arises in precipitator, and consequémdl effectivity of separation decreases and @isygs rise in
interelectrode area [4]. On the other hand if thecfic resistance is lower, the particles are vewckly
discharged when they reach the collecting electesiikthey are plucked back again by gas streasudh cases
an application of AC voltage supply for electrostgirecipitator is more suitable. That was the nraimson for
starting thinking about their utilization.

The electrostatic precipitator powered by AC voltageeds for its regular operation a barrier in
interelectrode area which among others preventerd&tion of back-corona and when it separatessa wiith
low specific resistance, it ensures the immediasehérgeing of the particle at the moment of reaghand
subsiding at the collecting electrode, so it isplatked back by streaming gas. Consequently thevéitage is
suitable for contaminant separation with high all aslow specific resistance.

3. THEORETICAL ANALISYS OF MACROSCOPIC SIZED PARTICLE DYNAMICS
The motive to solve the kinetic equations (pathpeity eventually acceleration) originates from spbal
shape particles application technology, eventuayparticles of rotary elipsoid or short pipelsteape [6], [8].
The starting point for kinetic equation solutiore areal conditions that occur with particle depositi
technology providing the particles capture a chang§s]:
- corona charging,
- contact charging.
The simplified set-up of the equipment is showrFan 1.
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Fig. 1. The set-up of experimental equipment fatiple deposition

Providing a transport area in which the electradfiis semihomogeneous, we can express the equattion
force effects on a patrticle:

F=F,+F,-F, (1)

whereF - is the overall force that affects a particle
Fe — is the force of electric field
Fs — is the gravity force
Fs — is the Stokes force
Comparing these forces, electric field force playdominant role [6]. From the force effects balarafeer
substitutions for respective forces and after ireégn and some mathematical adjustments we gefithé
equation for the path of a macroscopic particlB@electric field:
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By differentiating of equation 2 we get the expressfor the velocity of a macroscopic particle irCD

electric field:
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Time dependeces of path and velocity of a partiobeshown in Fig. 2 and Fig. 3.
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Fig. 2.Time dependence of the path of a particle in thd=ig. 3. Time dependence of thevelocity of a particle in
case of DC voltage the case of DC voltage



The starting point of kinetic equation solution faarticles in AC electric field is the same balanfdorce
effects and we consider an AC electric field withusoidal vaweform of 50 Hz frequency. We use thme
procedure as with a DC electric field and we ge¢aqmation for the path of a particle in AC elecfiidd:
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and for the velocity:
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Fig. 4.Time dependence of the path of a particle in thd~ig. 5. Time dependence of thevelocity of a particle in
case of AC voltage the case of AC voltage

Their time dependeces are shown on Fig. 4 andbFig.

4. PARTICLE SEPARATION IN AC ELECTRIC FIELD

The macroscopic particles diffused in the area arbwating electrode, which is connected to AC high
voltage, are not charged, as we assumed [2]. Rdréason it is necessary to create electrophysaraditions
for unipolar electric charge creation in the aré&eder mouthing. One of the possibilities is #pplication of
physical effect on metal — dielectrics — gaseousliom interface [6]. Two electrode systems were glesil
based on this principle:

- system with a dielectrical coronating needle anthttie collector electrode
- system with a metallic coronating needle and dtelead collector electrode.

In the first case a metallic needle with small uaddf curving, equipped with an additional insulgtheedle
(PE, glass) with various values of relative perityiis used as coronating electrode. With a mos&aited
analysis it can be proved, that between metalledieeended with dielectic material and collect@oabination
of capacitances is created (Fig. 6), from whicominant role plays a capacitance made by a digdexine on
metallic electrode [6]. Unipolar charge is genadabe the surface of dielectric cone, whose polaaitd size
depends on dielectric properties of used mategala¢ization, conductivity etc.), assuming that theface
resistance Rd»oo. By application of materials listed above a charge on the surface of cone shape is generated
with a high concentration at the tip. A corona engrated on the composed coronating electrode raiitg i
surroundings an unipolar space charge is formegl {Bi which causes the same charge of macrospapiicles



in the surroundings of the needle. The particleargdd by this manner are transported by force tsffet
electric field to collector electrode.
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Fig. 6. Replacement model of dielectric needle FigPhotographishot of corona in the

surroundings of dielectric needle

In the second case a cascade coaxial precipitabe eonstructed for the experiments. Tha cascade
consisted of four sections (Fig. 8). A PVC pipelfioems their skeleton, serving at the same timedector
electrode. A thin aluminium foil is sticked to tbater side of the pipeline serving as groundedtedde.
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1. section 2. section 3. section 4, section
Fig. 8. Geometric ordering of sections in cascagelipe percipitator with AC voltage

A thin copper line wire is fastened inside the pipe so that it forms the ionization electrodeckEaection
of the cascade contains a different number of ating electrode and they are placed in differeansipom the
collector electrode. The role of ionizating eledids the creation of highly inhomogeneous eledteld. It is
possible to create such a field with the help @fcbdes with a very small radius of curving. Whbe
coronating electrode is polarized positively, ndectons resp. new fotons are released at the moofigfiving
off the kinetic energy, following the cannonadirfglee needle by electrons, which causes futurezaitn. The
situation is analogous under negative polarizatigth the difference, that avalanches emitted froagative
needle are transported into increasingly homogendmid, and consequently their mobility and apilib
ionizate decreases.

In AC separation processes with metallic needlananlation barrier is used as collector electrotie.
achieve the best possible separableness it is s@ge® choose insulation materials with the higlpessible
specific resistance and permitivity. However theick of material depends on other nonelectric patam e.g.
the temperature of gas streams, sufficient mechafmiastness (due to strikes) etc. The insulatiamidramust
not change its mechanic nor dielectric parameteestd temperature changes.

A number of experiments were carried over on timsdels:

» Initial measurements: based on electric field miguglin interelectrode area, so the right distance

between coronating electrode and collector eleetamiild be chosen. Furthermore an acceptable eoltag



connected to coronating electrode was chosen, so #ash-over appears between high voltage eldetro
and ground.

» Measurements without dust: mainly V-A dependencasuements of the electrode system.

» Measurements with dust: during these measuremasatprecipitator was powered by AC voltage, a
measured amount of dust was equally dispersedghrtaeder into the precipitator and the separabkene
was stated based on the amount of dust that falbedh. At the same time the current flowing thrdlong
precipitator was measured.

To find out the separableness of the models of A&Cipitators, three types of dust were used wigtTHjc

resistance 3 Q.m, 4 kQ.m and 4,8 MQ.m. With the model of 30 cm in length 60 % to 97 % average value of
separableness was achieved with all types of diadtl¢. 1).

Separ ableness [%]
1. section 2. section 3. section 4, section
Dust with pe= 3 Q.m 83,16 70,72 73,94 62,02
Dust with pe= 4 kQ.m 96,82 81,72 83,7 72,12
Dust with p.=4,8 MQ.m 93,45 93,56 97,82 95,14

Table. 1 Average values of separableness in piatisections of the cascade pipeline precipitptavered
by AC voltage

It can be observed that the separation processA@Gtioltage is comparable to separation with DCage
and under certain conditions better separatiorbeaachieved with AC voltage.

5. CONCLUSIONS

The possibility of AC voltage application for masoopic sized particle separation was described in
nonconventionally ordered electrode system: coingatlectrode — dielectric barrier as collector reunded
electrode, eventually dielectric needle on metadliectrode — grounded metallic collector electro@irese
systems exploit physical phenomena from the thebhigh voltage field with a barrier. The advantajeéhese
systems against to DC voltage powered systemgpecidly in economics of separation process regulaf his
can be an important step to a wider utilizationhi$ technology in practice.
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