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Abstract: In older to collect fine particles more effiviently, o new-type elsctrostatic agglomerator with two zones was developed. The
distinguishing feature of this choctrostatic agulomerator is that the parficles are bipolarly charged and cosgulated in the same alternating electric
field simultanevusly . The silica Aour with 2 jun mass median diameter and the smake from burning wood powder vere used as test aerosol. The
comparison experimental resulis have shown that when the mean electric field is 4 kV/iem the collection efficiency of the new electrostatic
agglomerator was 98.2% for silica flour and 67 .4 % for wood powder smoke. Under the same experimental condition . the rollection efficiency
of the electrostatic agglomerator with three zones was 97. 4% for collecting silica flonr and the collection efficiency of the electrostatic
precipitetor was 56.3% for wood powider smoke

Key wards: charged patticle agglomeration; altemating electric field; electrostatic sgglomerator (EA J5 electrosiatic precipitator { ESP);
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Introduction

Because of the low efficiency of the electrostatic precipitator ( ESP} for collecting the submicron patticles, the electrical
sgglomeration methd Las led to an increasing interest in reducing the emission af the fine pariicles. Many authors have
studied electrical agglomeration recently. There are three agglomeration tectmiques : bipolar charged particle agglomeration in
an electrostatic precipitator ( Kanazawa, 1993), unipolar charged petticle agglomeration in an altemating electric field
( Watanabe, 1995), and bipolar charged particle agglomeration in an alternating elecuic fild (Taitinen, 1996) .

Bipolar charged particle agglomeretion efficiency in an alternating electric field has been thought 1o be higher than that of
mipolar charged particle agglomeration because like-charged particles repel each other. There are three zones in the
electrostatic agglomeratar (EA) propased by Laitinen et of . (Laitinen, 1996} . First, the parficles are bipolarly charged i
the charging zone. Then these bipolar charged particles are coagulated in the agglomeration zone with an altemating electric
field. Finally, the coagulated particles are collected by the collection zone. In this type EA, however, the particles are
charged only once. As the charged particles are coagulated, the charge-mass ratio decreases due to neutralization. Thus, the
coagulation rate slows down in agglomeration zone.

In this work a two-zone EA is developed. That is, the puricles are charged and agglomorated simulianecusly in the
alternating electric field, A comparison of collection efticiency between the two-zone EA, the three-aune EA, as well as the
ESP has been investigated experimentally .

1  Theoretical estimation of the EA collection efficiency for the bipelar charged
particles

The coliection efficiency is a very imporlant criterion lo evaluate the churacleristies of EA. ln order lu vstimate the
collection efficiency of EA theoretically, the following assumptions are made: (1) as agglomeration proceeds, the polydisperse
particle follows a self-preserving distribution, That is, the geometric standard deviation does not change greatly ( Frederlander,
1977); (2) there is no wall loss in the agglomeration zene; (3) the agglomeration coefficient remains constant and the total
nurmberconcentration of the agglomerated particles can be caleulated hy Smoluchowski agglomeration equation; (4) field
charging charges the particles 10 1he saturation levels {5) only the hipolar charged agglomeration coefficient in the alternating
electric field is considered because this agglomeration coefficient is much larger then other agglomeration caefficients, for
example, the Brownian agglomeration coefficient.

It is clear that to calculate the collection efficiency of EA is, actually, to calculate the collection elficiency of ESP from
Fig. 1. The investigation of Zhao and Pfeffer {Zhao, 1996) has proved that the geometric standard deviation has very litle
effect on tha total collection efficiency of the ESP, The toial collection elficiency of the ESP can be predicted by using the

median diameter d,, into Duilsh eqnation:
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where 7 is the total collection efficiency; ¢ is the charge on the particle; £ is the field strength; L is the length of the
collection electrode; b is the distance belween the corona electrode and the collection clectrode; @ is the flow speed. If the
agglomerated particle median diameter d, is found out, the total collection efficiency of the agelomeration apparatus can be

determined .
Suppose the median diameter and the number A-C voltage supply 'D-C voltage supply
concentration ol the particles beforc intcrmng the Dust sampler Dust sampler

agglomeration zone are a,, and N, . Acvording lo the I_‘- __ﬂﬁ e _’D

assumplions of (1) and (2), the following relation ¢ geprator —; -, — il

can be obtained; W 1 ,;1 T
N(t)IN, = (a,/d,), (2)

where N (t) is the number concentration of the

particles after the coagulation time ¢. N(t) is given

=

0

by Smoluchowski equation: Barbed nail corona electrode

N(g) = Nu/( 1+ %KNU t-) ) %)) Fig.l Experimental setup of the two-zone EA

where K is the agglomeration coefficient. From
Equation (2) and (3), the agglomerated particle median diameter d, is obtained:
in

d =(1+%K~0;) a, . (4)

The agglomeration coefficient of the two different charged particles d, and o ; in the altemating electric field is calculated
approximately hy (Kildes, 1995) .

k=3

where ¢ is the relative permittivity; &, is the vacuum permittivity; p is the viscosity of the gas; E is the field strength of the

=0 ) EE,(d, + df)z’ (5)
I

charging field; E, is the amplitude of the alternating electric field.

The agglomeration coefficient hes heen assumed to be constant. Let d, = d; = a, in Equation (5), the underestimated
agglomeration coefficient of the charged particles in an altemating electric field is

dee,
Rt
Semetimes, the initial mass concentration €, is easier o be found than the initial number concentration N, . In this case

K EE a,’ . (6}

the following relation can be used:
n
Co = T Nyabp, ™
where p is the particle density.
From the above equations we can see that the total collection efficiency of an agglomeration apparatus for hipolar charged
particles is dependent on the initial particle concentration, the initial particle median diamcter, the agglomeration coefficient

and the residence time of the bipolar charged particles in the agglomeration zone .

2 Experimental setup

The measurements were carried out using the two-zone EA, the
three-zone EA and the two-stage ESP. The twn-zone EA is presented in
Fig.1. Both the agglomeration zone and the collection zone are 1m in
length. The barbed nail corona electrode was used in both  the
agglomeration zone and the collection zone. The structure of the barbed
nail corona electrode is shown in Fig.2. The distance from the point of nail
to the grounded electrode is 40 mm. An A-C voltage was applied in the
agglomeration zone. Thus, the particles were bipolady charged and

coagulated in the agglomeration zone simultaneousty . The three-zone EA is
presented in Fig. 3, The barbed nail corona electrode (Fig.2) was also
Fig-2  The siructure of the barhed nail corona  used in the eollection zane. Other geometric parameters of the three-zone
electrode EA are the same ae the two-zone EA. When the A-C voltage power supply
in Fig. 1 is replaced by D-C veltage puwer supply, the two-zone EA
Lecumes a two-stage ESP.

The silica flour with 2 ym mass median diameter was used in this comparison experiment. ‘The dust mass concentrations

of the inlet and outlet of the experimental apparatus were measured by the dust samplers.
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Corona charger  Agglomerator ESP 3 Results

3.1 The comparison experiment of the two-zone EA and
the three-zone EA

The experimental conditivns in measuring the collection
efficiencies of the two-zone EA and the three-zone EA are
described in Table 1. The A-€ voltage frequency in the
agglomeration zone is a very important parameter. If the

Fig.3 Thee-zone EA proposed by Laitinen et af. frequency is lgo high, the parficles do not have enough time to be

{ Laitinen, 1996} charged in the A-C elentric field. On the other hand, if the

freyuency is too low, the vibrating speed of charged particles

becomes very slow. This could be unfavorable 1o the charged

particle agglomerstion. Watanabe { Watsnabe, 1995) has

discussed the effect of the different efficiencies on the agglomeration rate. In this experiment the frequency was 4 Hz. The

theoretical end experimental collection efficiencies of the two-zone EA and the three-zone EA under the differvnt electric-field

strengths are illusirated in Fig.4. The resulis have shown that the collection efficiency of the twe-zone EA is higher than that

of the three-zone EA .

3.2 Comparison experiments of the two-
zone EA and the two-stage ESP

Through measurements we found that the

collection efficiency of the two-stage ESP for the 2 176 %40 12.2x10°° 1.8x (07 ! !

sifica dust with 2 pan mass median diameter |3 Notes: e, : silica dust median diameter; p: silica dust mass density; Co: mean dust

Table 1 Experimental condition

@y, s o kgind Cy kg/m’ u.Pas v.mis I, s

almost the vame as, or cven a litde higher than  concentration; p: gas dynamic viscosity; u: gus velocity; t: residence time
the collection efficiency of the two-zone EA.
Because it is not advantageous for the electrostatic agglomerator to eollect the micron particles, the sub-micron particles, such
as the smoke, have to be used fo discuss the performence of the new EA and the two-stage ESP. In this expenment, the
smoke from burning wood powder was used as the test aerosul in order to compare the collection efficiency of the two-zone EA
and the two-stage FSP. The dust samplers in Fig. 1 must be replaced by an infrared concentration-measurement system
(ICMS) shown in Fig.5 to measure the smoke cencentrations.

In this experiment, the gas velocity is 0.3 m/s, the field strength is 4 100

kV/em and the frequency of the A-U voltage is 4 Hz. Other experimental = g5
conditions are showa in Table 1. For the different smoke concentrations, the s 90
ICMS has different output vollages. The comrelalion coefficient of the output E‘
voltage of the ICMS and the smoke concentration is 0.996. According 1o the 5 85
output voltages of the 1CMS under the different smoke concentrations, the &«E 80
collection efficiency of the two-zene EA and the collection efficiency of the -g Sy
two-stage ESP for cleaning the smoke can be caleulated respectively by: 2 99
ter = L= {Ugn = UIU, - Up), ® 3
Begr = 1- (Uum - ”n)f( U; - Uk)v (9) 'ﬁ 60 e ’ L : ' '
where U is the background output voltage {without smoke) of the TCMS; I/, 2.5 30 35 40
1s the output voltage of the ICMS for measuring the sincke in the EA or ESP Mean field strength E, kV/em

inlet; E,;w and Uy are the output voltages of the ICMS for measuring the Fig.4 Collsction efficienciss of the two-zine
smoke in the EA and ESP outlet. EA and the theee-zone EA

The experimental results are shown in Fig. 6. We can see that the  —theoretical value of the two-zone EAy -
|nfiared light + outpat  voltages fiuctuate  theoretical vabic of the three-zone EA: O

greally. The average value experimental volue of the two-rone EA: A

of the output valtage is experimental value of the three-zone EA

Infrared sensor < taken. From Fig. 6, the
average values of the output voltages are [/, = 1.428, U, =2.530, Uy, =
1.788, and Upgo = 1,910, According to Equations (&) and (9), when the
[—l field strength is 4 kV/cm the collection efficiency of the two-zone EA and the
C i I collection efficiency of the two-stage ESP for the smoke from buming wood

Printer Computer  Amplifier powder are 67.4% and 56.3% respectively. This comparison experiment
Fig.5 Infrared concentration-measurement  12s shewn that the collection efficiency of the two-zone EA is higher than that
system (JCMS) of the two-stage ESP for the submicron particles.
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4 Conclusion
The new idea of
agglomerator is that the particles are charged and

two-20ne  electrostatic
agglomerated in an alternating electric field. There are
two advantages: (1) the particles can be charged and
agglomerated repeatedly. When the particles are
agglomerated into a larger particle, the surface area
becomes greater. The charge on the agglomerated
particles is increases when this particle is charged
again. Thus, the agglomeration rate goes np; (2)
because the particles can be bipolarly charged in the
allernating cleetric field, it is not necessary to have a
prechurging zone. Therefore, the total length of the
electric field becomes shorter in the application.
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Output  voliage of ICMS under the different smoke

----- Clean air; =====smoke cleaned by ESP;

collection smoke cleaned by EA

This study has shown that the
efficiency of the two-zone EA is not only higher than
that of the three-zone EA for the fine particles, but

also higher than that of the two-stage ESP for the submicron smoke particles.

original smoke;
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