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ABSTRACT

The electrostatic precipitator with longitudinal transverse collecting plates had better characteristics. The
theoretical correlation for the calculation voltage, which was produced by space electric charge in the ESP with
longitudinal transverse collecting plates, was deduced in this paper. Not only the electric potential, but also the
calculation formula of strength of electrostatic field, were established on the basis of image charge methods. The
measure results of both the electric current density of collecting plate, and the average strength of electric field of
collecting plate, were consistent with individual electric field intensity distribution. These indicated that the
inference course was credibility.
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INTRODUCTION

The electrostatic precipitator with longitudinahnisverse collecting plates had excellent featundsita collecting
mechanism was more complex. The electrostatic pitator (ESP) with longitudinal transverse collagtiplates,
whose the plate current density and gas velocityridution were more uniform than those of the @ntion
wire-plate ESP, and collecting efficiency was higtien the latter in the same condition. Basedhenetxperiment
and theory, the electrostatic precipitator withditadinal transverse collecting plates lowered Istewl shortened
volumél. But the strength of electric field was one of thain factors which affected the electrostatic jmieator
performance. It was more difficult to derive thdcaation formula of strength of electric field. @himage charge
method was used to present a calculation metheteofric potential and the strength of electritdfiwas generated
at this paper. When the strength of electric fieldhe electrostatic precipitator was measured,etkgerimental
results were consistency with the theoretical aigjythe study was enrich the type of electrosatécipitators and
developed the theory of electrostatic collection.

1. Calculation formula of potential and strength of electric field in the electrostatic precipitator with
longitudinal transver se collecting plates

The electrostatic precipitator with longitudinamnsverse collecting plates had a special structivaé was to say, in
a dust collection unit, the longitudinal transvecsélecting plates were composed of a horizontefise of a square
cuboid and the * type prickle of corona wire wetaced in the center axis of the cubBidThe electric fluxline
were generated by both the * type prickle of coranige and the longitudinal transverse collectingtgs in the
vertical direction distribution, as in Fig.1.

In the theoretical analysis of electric field, ranly the impact of space charge, but also the impacspace

electrostatic field was considered. Namely, spaeetric field of electrostatic precipitator coulé bomposed of the
superposition of the dynamic electric field andctiestatic field.
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The analysis of electric field was divided into twteps. Firstly, the electric potential and thersgth of electric
field were generated by the space charge at amt poan electric field. Secondly, the potentiaatostatic field
was calculated by image charge method. Then thekimas of electric field were superimposed as thenfula of
the electric field strength of the electrostatiegipitator with longitudinal transverse collectipigtes.

1.1 Calculation of the space charge

Space voltage and current characteristics betweerelectrodes of the electrostatic precipitator aaggnificant
impact, when a lot of dust entered the ESP. Higkedpmovement of gas ions were surrounded by thement of
dust around, which reduced the velocity of the gaararriers. The space charges caused by the miliftyathe gas
ion were as the same, and they must be taken atouat, because they had had an impact on thegtrexf

electrostatic field and the strength of electrieldi generated by the charge near the collectintg plathe free
electron was considered, the plate current demgity generated by the charge transfer of ions aadyetd dust. Its
relationship was as follows:

'JT = Eapih + Eappbp = EaIOTbe (1)

Where: 3—Total current density between the plates/m’;
Es—Average strength of electric field between thegsa v/m;
p i—Charge density of ionsc/m’;
b ,—lon mobility, m?/v.s;
py—Charge density of charged dust/ n? ;
by—Charged dust mobility m?v.s;
pr—Total space charge densitg/ nt* ;
b—Effective mobility of ions and charged dusm®v.s .

Then, the effective mobility of ions and chargedtduas obtained by formula (1), which was as foow
b, =(ab +p,b,)! o

Besides the formula was deduced by formula (1) as follows:
J/dr= Eap by (Eapy b, +Ecpib)=3/3,+) (2D

Where J—Current density generated by the charged,dégm?;
ji—Current density generated by the joA/m?.
Current density of the dust transmission was adeabior only a small fraction of the total currel@nsity (j; > >

J,), and the ionic charge mobility was average of 204 that of dust mobility,'sb;=200h, so it was easy to get
as follows:

be=b[Jy/ (2003+30) ] (3)

By formula (3) the bwas obtainedvhich reflected the impact of space charge, infat it was to make the
movement of ions and dust these two kinds of cheagded in the electric field with an average efifee mobility
to be reflected.

1. longitudinal collecting plates, 2. transversdlemting plates, 3. corona wire, 4. flow direction 5. electric
fluxline.

Fig. 1 Distribution of electric fluxline which wagnerated by the * type prickle of corona wire &mellongitudinal
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transverse collecting plates

1.2 Electric potential generated by the space charge

Because the charged dust uniformly was distributigin a dust collection unit of the electrostatiecipitator with
longitudinal transverse collecting plates, the tlegotential was only generated by the spacegehahs it was
shown in Fig.2 ,on the x axis, if the distance keswthe point of O and one point was A, and thength of the
point in the electrostatic fields was E, so therfola was obtained by the Gauss Theorem as follows:

dE/dxp+/eg 4
By formula (1), it was gotten as follows:
pr=J/Ebe %)
Z2b
2b| oA X

Fig. 2 Electric potential generated by the space charge
The average strength of electric field \i#as replaced approximately by the field strengthfEhe A of Fig.2 in

formula (5). The gwhich was electric current density of collectingtps was substituted by electric current density
(6), which was approximately equal to formula dkfes:

_ (6)

Based on the formula (6), the formula was integsafollows:

EZ:—2J°X+C

£oD, D

The strength of electrostatic fields was made bBsumdary condition in X = b (b was half of the diste between
the same plates). Because a lot of theoreticakapdrimental study had shown that in the caseebgace charge
density was not large, the strength of electrasfatlds near the plates was approximately equal¢onstant.

In the X = b, there was the approximate fornftlia

E2 = 0 (8)

Where: E——Strength of electric field (v/m);
Jo——Average current densities on collecting platégm?);

80

Dielectric coefficient of air, in normal tempeuag, &,~8.85x10'’c/v-m;
be——1Ionic mobility, dry air, negative corona be=2.1x10°m?v-s.
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Fig. 3 Image charge groups generated by the charge smulation

The constant C was determined by (8).

2J,b
TE b

o~e

C-= (1+£) (D
T

Based on formula (9) and (7), the strength of eleéield was obtained as follows:

E2 :iﬂb[_w.b(} +1)] (10
&b, T

[o]

According to the definition of the electric potettithe formula was obtained as follows:
U =[ 11
U,-U, = [ Edx (1D
Based on formula (10), formula (11) was integratsdollows

2 2] 1
U, =U += [— I-X+b(=+1 32 (12
amUoto 00 ( +1]

o~e

The boundary conditions were as follows: when x Hab= 0, by the above equation formula (12) was go#gn
follows:

__2[23, by (13
U.=-% %% =2
°  3\eb, (n)

The potential for space charge in the electrialfal any point was as follows:

__g ZJO (9)3/2_‘_2 &[_X+b(l+l)]3/2 (14)
3\eb, 7 3 T

0o~e

1.3 Formula of electric potential of electrostatic field and formula of strength of electric field in prickle

coronawire

In the electrostatic precipitator with longitudinahnsverse collecting plates, because the hoarahbtted polar
plates’ gap was very small, it was negligible. Thg/pe prickle of corona wire and the longitudirtahnsverse
collecting plates produced uniform electric fieldthe vertical direction, and the electric fiuxlidestribution was
shown in Fig. 1. So the calculation of electriddidistribution of the * type prickle of corona wimwas simplified to
make two-dimensional problem. As the structureheft type prickle of corona wire was complex, ahe potential
of the electrostatic field was difficult to deritlee analytical formula. The potential was calcudaby method of
charge simulation base on electric fluxline disttibn of electrostatic precipitator with longitudintransverse
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collecting plates.

Electromagnetic field theofy® indicated that some kinds of parallel fields oisasymmetrical fields which had
particular symmetrical structure could use the ienelgarge method to be solved.

Outside the field, a group of charges was assuniéitially to replace those continuous distributedes on the
surface of actual electrodes. The image chargeadetfas a kind of special method to solve the abstdtic field

boundary value problems, and its theoretical fotinda were uniqueness theorem and superpositiowciple of

the electrostatic field. This method’s charactériet solving problems lay in not to solve the Bois equation that
satisfied the electric potential, but to use asglinferges to replace the induced ones on the suofaconductor
and influence electric potential. Inside the elestatic precipitator with longitudinal transversalecting plates,
corona wire was put in the center of the longitatlinansverse collecting plates, and the collectitege connects
the ground, forming four zero-potential surfacesofunit, so it could be made simulated chargadénthe corona
electrode to produce innumerable image charge groapespond to zero-potential, as it was showrigrs.

The electric potential of the infinite line chargeanywhere A in space was obtained base on thgekanulation
with the infinite line by the Gauss theorem asdof:

p In fy (15

A

j Edl =

where p——Charge linger density

Variation of the image charge of the charge sinmutat x;,y;)> on the X, Y coordinates were as follows:

Xgney = —4ND + X (16)
Xyneo = (AN +2)b — X (an
Xgnez = —(4N+2)b—x (18
Xynea = (AN +4)b + X (19
Yy = —4NbD+y, (20
Yaniz = (AN+2)D+y, 2D
Yanes = —(4n+2)b+y; (22)
Yansa = (4n + 4)b Y, (23

Because the longitudinal transverse collectingeglatas as a symmetric, electric potential of iniefie line charge
and its image charge group at P(x,y) was calculated repeatedly imaging reflection as follows:

- {D(4n+ 14n+2)D(4n+14n+3)D(4n+ 24n+1)D (4n+ 24n+4)

, P

Vi(x,y) =— I

(%) 2/, HZ::; n D(4n+14n+1)D(4n+14n+ 4)D(4n+ 24n+ 2)D(4n+ 24n+3)
D(4n+34n+l)D(4n+34n+4)D(4n+4,4n+2)D(4n+4,4n+3)} (24)

D(@n+34n+2)D(4n+34n+3)D(4n+ 44n+1)D(4n+ 44n+4)

Where: D(4n+1,4n+2) was the distance between the first 6ksni1,Yant2) charge simulation image point and the
point P (x,y) ,others similar, decided by the following formula:

D (4n+1,4nt2) = [(—4nbtx—x) *+(@4nt+2)b—y—y)*] * (25)
D (4n+1,4nt1) = [(—4nb+x—x) 2+(—4nbty—y)2] 2 (26)
D (4n+1,4nt3) = [(—4nbtx—x) *+(@nt+2)b+y+y)*] ** 27)
D (nt14m4) = [(—4nbix—x) “+(@nt bty —y) 7] (28)
D (4n+24nt1) = [((4n+2) b—x—x) *+(—4nbty,—y)?] *2 (29)
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(30)
(31
(32
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(34)
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(40)

If the number of simulation line charge was M, tlie@ electric potential at p(x,y) was as follows:

Y wrp D(4n+14n+ 2)D(4n+14n+3)D(4n+ 24n+1)D(4n+ 24n+4)
= i Vi
V)= ZV x.y) Z Lm; n{D(4n+],4n+1)D(4n+],4n+4)D(4n+ 24n+2)D(4n+ 24n+3)
D(4n+ 34n+1)D(4n+ 34n+ 4D @4n+ 44n+ 2)D(4n+ 44n+3)

D(4n+34n+2)D(4n+34n+3)D(4n+44n+1)D(4n+ 4,4n+4)

(4D

According to E=— V'V, let (41) seek partial derivative and was addedgative sign on x, y respectively ,then the
component value of the field strength of electribstiéeld on the X, Y direction were gotten as @ils:

Vv (xy)
ox 42

E(xy)=-

_ X+4nb-x  x+4nb-x
E*(X’y)_z{ Z (2@n+1an+1) D*@n+1dn+2)
x+dnb-x x+4nb—>g L X-@ntdbtx  x=@n+2b+y  x—(@n+2b+x  X—(An+b+x x+(4n+2)b+>§
"Dl iintd D@1y D2 D24ty D’'@n+24n+3 D’(@dn+24n+4) D2(4n+34n+2)

_x+(4n+2)b+>g X+ (@n+2)b+x _ x+(4n+2)b+x | X (4n+2)b-x  x-(4n+4)b- X, X @n+4b-x  x-(4n+4)b-x
D2(4n+3,4n+1) D?(4n+34n+3) D?(4n+34n+4) D’(4n+44n+]) D2(4n+4,4n+2) D*(4n+44n+4) D2(4n+4,4n+3)
Similarl Vv (X, (43
d E, (xy) = -2
y
E. (x y):i{ Z( ytanb-y, _y-(@nt2)+y, y-(@dn+4)b-y, y+@n+2b+y y-(n+2)b+y,
i = D?(@n+14n+1) D?*(@n+14n+2) D?(n+14n+4) D2(4n+14n+3) D?(4n+24n+2)
__yténb-y _y+(@n+2b+y, y-(4n+4b-y y-(4n+2b+y = y+4nb-y _y+(@n+2)b+y,
D?(@n+24n+1) D?@4n+24n+3) D?(4n+24n+4) D?(4n+24n+2) D?(4n+34n+1) D?(4n+34n+3)

_y—(@n+4b-y + y+4nb-vy,

_Yy-(@n+2b+y  y-(4n+4)b-y,
D?(@n+34n+4) D?*(4n+44n+1)

D*(4n+44n+2) D?(4n+44n+4)

_y+(@n+2)b+ Yiy
D?(4n+ 4,4n+73)

The total electrostatic field strength was as fefo
1
2

E (x. ¥) = [EAXs ¥)FEA(x. y)] (44)

Because the point potential of the corona wireag@fwas equal to the applied voltage, and evereniery were
equal, then by (41) the applied voltage was catedlas follows:

i[ LD(4n+:L4n+ 2)D(4n+214n+3)D(4n+ 24n+1)

M
V=2, _
= | 204 | D(@n+14n+1)D(4n+214n+4)D(4n+ 24n+2) =V, (45)
D(4n+ 24n+4)D(4n+3 n+1)D(4n+34n+4)D(4n+44n+2)D(4n+44n+3)} }

D(@4n+24n+3)D(4n+34n+ 2)D(4n+34n+3)D(4n+ 44n+1)D(4n+ 44n+4)
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where V,—Applied voltage.

From equation (45), the charge simulation of a pBinvas proportional to the impressed-voltage. Vo determine

P, Ordered ¥ = 1kv, multiply voltage ¥ by P was obtained the charge simulation of every thd \adtage. The N
points were taken on the * type of prickle corongewand list of N multi-linear equation of, Bimultaneous
equations were established. If the charge simulaimount of Pwas determined, the electric potential size of any
point within the electric field was calculated toyrhula (44).

1.4 Formulafor field strength generated by the* type prickle of corona wire and the space chargein the gas
By (10) and (45), the formula for field strengthsagenerated by the * type prickle of corona wire #me space
charge in the gas as follows:

B ={E( ) HE b (46
£,b, T
Where E'——the field strength which was generated by thgpetprickle of corona wire and the space charge in

the gas

2. Measured results of current density and average electric field strength of plate

2.1 Determination method for plate electric current density

Used split detection method to determine the ptateent density, current meter was equipped witlbiion for
3.9X10°%A/mm galvanometé¥, and the transfer switch was made the measurddnregcess to galvanometer,
while the no measured region of plate electricenirivere accessed to ground.

2.2 Determination results of the electrode current density

The determination of current density were deterohiop the condition that the working voltage of eoting plate
was 50kv, the length of the * type prickle of comomire was 90mm, the distance of plates was 400smochno-load.
The measured results of current density and averkgric field strength for plate of this electatsc precipitator
and conventional electrostatic precipitator werevsin table 1.

In the table 1 the average current density of longitudinal transeecollecting plates was 0.566mA/mwhich is
better than the conventional electrostatic preaipitthat was 0.525 mA/mThe uniformity of current density for
longitudinal transverse collecting plates was 0,3@1ich was larger than the conventional electtasfaecipitator
that was 0.419. The average electric field strergjtthe plate for longitudinal transverse collegtiplates was
2.73kv/icm, which was larger than the conventiotedteostatic precipitator that was 2.45kv/cm.

Test results showed that longitudinal groove shapeched the *-type prickle of corona wire changithg
distribution of electric field, eliminating the polline borderline , eliminating the "zero" curremtea on the
collecting plate, and forming a reasonable unifatistribution of power line, as in tablel. According the
Sigmond” saturated current density calculation of wase . 1 v*/H' (H was wire length), electrode current density
was inversely proportional of the cubic of the powsre length, in other words, under the same gafaa point
electrode current density mainly depends on theanie from the corona area. That was the similaresssion of
formula(45), if they could make as much power waegth equal, then the plate current densities werel, the
most uniform distribution at this time, equal t@ thverage electric field intensity on the surfatéhe plate, field
strength was also largest, to improve collectiditiehcy.

Tablel Themeasured resultsof current density and average dectric field strength of plate

Tvpes Current density Uniformity of Average electric field
P (mA/M?) current density strengthofPlate( kv/cm)
_ . _ Longitudinal Collecting 0.586 0.364
Electrostatic Precipitator with Plates
Longitudinal Transverse collecting The width of the 138mm 0.548 | 0.566 0.369| 0.367 2.73
Plates transverse plate 138mm | 0.597 0.365
P 70mm | 0534 0.368
Conventional ESP 0.525 mAfm 0.419 2.45
CONCLUSION

(1) Space charge in the electric field at any poirthanpotential was as follows:
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2,235 2 0ya 2,230 ol T
3(€b) (77) +3(£b) X+b(n+l)

o~e o™e

(2) The calculation formula of the electric potentiahgrated by electrostatic field was as follows:
D@n+14n+2)D(4n+14n+3

277,50 = D(4n+ 14n+1)D (4n+14n+4)
D(4n+ 24n+1)D(4n+ 24n+2)D(4n+34n+1)D(@n+ 34n+4)D(4n+ 44n+2)D(4n+ 44n+3)} }

D(n+24n+2)D(4n+24n+3)D(4n+34n+2)D(4n+34n+3)D(4n+ 44n+1)D(4n+ 44n+4)

(3) The electrostatic field strength of an arbitrarynpavithin field region was as follows:
E (xy) = [EZ (x y) +E2 (x,y)] 2

(4) The formula for field strength which was generatgdhe * type prickle of corona wire and the spelarge in
the gas was as follows:

E :{E(x,y)2+{'fgb[ xeb 4}

o~e

(5) The average current density of longitudinal trarme:ollectlng plates was 0.566mA/mvhich was better
than the conventional electrostatic precipitatoat thvas 0.525 mA/AiThe uniformity of current density for
longitudinal transverse collecting plates was 0,3@ich was larger than the conventional electtasfaecipitator
that was 0.419. The average strength of electald fof plate for longitudinal transverse collectiptates was
2.73kv/cm, which was larger than the conventiotedteostatic precipitator that was 2.45kv/cm.

(6) Test results showed that longitudinal groove shapéched the * type prickle of corona wire changihg
distribution of electric field, eliminating the polline borderline , eliminating the "zero" curremtea on the
collecting plate, and forming a reasonable unifdistribution of power line.
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