. 0161 205, BACKGROUND OF THE I NVENTION: (i) FIELD OF THE |:NVENTI CN- Thed
preesent invention rel ates to.the-inprovenent of a two-stage electrostatic
preci pitator including a charging 5 wunit and a dust coIIectrng unit. (i)
DESCRI PTI ON OF THE PRI OR ART Genergl Iy, the dust coIIe Qgrnance of’
the electrostatic precipitator is-®ternined by an eIectrrc re I'stance of
dust contained in gas. 10 In a prior art electrostatic precipitator
(hereinafter referred to_as EP& when the electric resistance of dust is-
|ncrea§é55§59UNp E THE; INVENTIQNz2nce thereof exceeds 10"[err]-cm -the dust

oIva SE%h§ gc*EgsIgbgﬁ%kéyreduced since the isolation breakdown,

t hat i.on phenonmenon is produced in a |ayer of -

dust depos'gi@ BRebpRecuatenotLectLigeel eclr ode. 1ABearahanl voe when the hi an

resi stance ed as’In f'or use 1 rimal “power plant

using soeboa%@aaesram&eﬁagtaese'ﬁfecigftgeér Eﬂéi»g&iﬁé‘ga COpaFyiyg Of the EP

i s generall required I nct eased in or o} conpensége t he
reguc- uhllenaeta thause! tegiendiggfhpiency. Accordingly, various . .
count'er measur:es -f or .t he :hi gh reSistance dust have been made. One of them
Is a twﬂist@@scEEpwmonhohaannﬂgtanbgnm put. to practrcal use.in an. arr 25 ..
cleaner and the like. This EP'is dividedinto & charging -2- .~

Generally, the dust collecting performance of the

electrostatic precipitaior ie determined by an electric
\”fresistance of dust_eontained in gas.
10 In a prior art electfostatic_precipitator (hereinafter
referred to as EP), when the electric resistance of dust is
;(;) increased and the specific resistance thereof exceeds |
10"Q-cm, the dust collecting efficiency is greatly reduced
since the isolation breakdown, that is) the inverse
‘15 ionization phenomenon is produeed in a layer of dﬁst
deposited on the dust cellecting electrode. Accordingiy,
when‘the high resistanee dust is handled as ih_the EP for
use in a thermal power plant using coal and a'sintering- ' |
machine, the dust collecting capacity of the EP is geherally
20 required to be increased in order to compensate the reduc-
tion of the collecting efficiency. | |
_Accordingly, various countermeasures for the high
iesietance dust have been_maée._ One of them is a two-stage .
E? which has widely been put to practical uee in aﬁ air

25 cleaner and the like. This EP is divided into a charging




jl 61 205 unit for charglng dust and a dust coIIectlng uni t for coIIectlng
'1dust by using a high electric field and there is an attenpt that a manner
Hrn which the inverse ionization is suppressed by mnimzing current in the
iizhl gh electric field 5 portion (the starting condition of the |nv fﬁ 5
zoni zation is pd x id > Edc. Wen the currentd flowing in the dus &%QJ g
s less, the breakdown voltage Edc of the dusT ayer IS not exceeded even.
f the electric resistance of the dust is high.) is intended to be applled
0 general industiingt £t chargird)\Gued and/en dust Pollea¥dnd funit for
ifficult to suppress the inverse ionization in the dust charging unit.
Qﬂl ous met hods haed lleedniraf tdargtt o histimgy t20 hilgh wdectfriex fielld anldethere ds
ner in which a pipe is used as a dust collecting electrode whichis '
s ooled by 15 fl| @n agbeapsr thato a mansiqe iro videhedbe amvelrset dopization is
diesi stance of the dust so that the inverse ionization is suppressed.
urther, there is saPPERsSethfe i iang KrFeatedty she dighosdechaigeddeld
e dust col | cting electrode and the discharging electrqode, in which the
ver se ioniz§5 2®OT Y 9ﬂ19é$ QHﬁS&PbPﬁgt ﬁvéP§@F§ep&P§PPE§&°n

U550 g A i) g O e

g=deV| ce (Japaneser tent cat

406400/ 77. and ot her, §/%§Jq%."ée(iéas§)0)i§fe Sow) Wi eedBaL % ctha@r aedt layer

t hout the inverse ioni zation controlling the charge. -
is not exceeded even if the electric re51stance of the dust

o, : is high.) is intended to be épplied to general industries.

10 ' Hdwever, even in this case, it is difficult to
suppress the inverse ionization in the dust charging unit.
Various methods have 5eén attempted hitherto.

ﬁgﬂ;ﬁ ' _ . By way of example, there is a manner in which a pipe

is used as a dust collecting electrode which is cooled by

i

15 flowing water into the pipe to decrease an electric

resistance of the dust so that the inverse ionization is

suppressed. Further, there is another manner.using a third

electrode-aisposed between the dust collecting électrodé

and the.discharging electrode, in which the inverse ioniza¥.
20 tion is suppressed by absorbing inverseiy polarized ioms

which are produced in the inverse ionizing state.

There' has been proposed a particle charging device

(Japanése Patent Application No.1106400/77 and others) named

a boxer charger'in which dust is charged without the inverse.

25 ionization by controlling the charge.




205 However, any of these manners is difficult to be put to practical

3¢ in a comercial scale faor the general industries and is not put to
prfacti cal” use. On the other hand, there is a pul se charge manner 5 which

i §<dntended to inprove the performance of a prior art EP by Gpgt{?s(big‘gg t he
charge. In this manner, a high voltage#r the form of pulgg | ' tly
sdpplied to apply a high peak voltage and obtain uniformcurrent so that

t e dust [ ' ffici LS i d. . , i n thi se, 10
Ljere are. pr obaHESTeh Sy PEGHESS TERDERS 48 SHBBEFULbUEBobEE Edust i on
£ 1 he i Qn._ I, [ .1 . EP ' [|GS. 1 to 5 wh
ol o TR ke 't 3 ReliieaRiby ReR 1P eRoFohhE Tenksad (n Fos. 2
3 ar e appldiad o Uhat 41 Gy Rhikaes iaPEIPLGNLE. Vol tage generators 3a

0

d

a .

apd 3b shown 1 n Fl 1, a currefit- voltage characteristic as shown by (a)
0

s

c

i

FIG 4 is olyrivhed dther Mamidg! thledeeisTHUBu1LBeckRr§8NmangEate in the
fage in which high current and high voltage are applied and hence high
bl | ecd i nartafch diserigitermiedbitai iaprobenwener pe2formubies bieai pyebeeart

oni zation is generated by the collection of high resistance dust, the
cEaracteHBﬁbeaﬁpnﬂnmmiﬁng'¢hp chaFig€. 4Insthbsamasderp whhdibht heleageati ng
vbltage is low and an effective current is [imted to P2 with the other '
current bdimdhe Forpucdd pdseedst instantiznsupnliad tavappdy28 higbni zation

rtion, so that the collecting efficiency is -4-
: peak voltage and obtain uniform current so that the dust

s collecting efficiency is increased. However, in this case,
‘ 10 there are problems such as a cost of the pulse supply

source and reduction of the power consumption.

In a prior art EP shown in FIGS. 1 to 5, when dust
collecting electrodes 1 and discharging electrodes 2 shown
in FIGS. 2 and 3 are applied with a high voltage by DC high

15 voltage generators 3a and 3b shown in FIG. 1, a curxrent-

A A L YA b o enuy

voltage characteristic as shown by (a) of FIG. 4 is obtained
in a normal stage. Thus, the EP can operate in the stagé

in which high current and high voltage are applied and
hence high collecting efficiency is obtained. However,

20 when the inverse ionization is generated by the collection
of high resistance dust, the characteristic as shown in (b)
of FIG. 4 is obtained in which the operating voltage is low
and an effective current is limited to P2 with the other
current being dissipated as reactive current in the inverse

25 ionization portion, so that the collecting efficiency is



' 0161205 reduced. Therefore, as shown in FIG 1, hi gh
;voltage pulse generators 8c and 8d-are added to the DC high voltage
.Qgenerators 3a and 3b through coupling condensers 9c and 9d 5 to change
E,ﬁt he charging characteristic as shown by dast_lpd line h of FIG 4.0f1g'¢ @35
%}utl lizing the uniformdischarge characteristic of the pul se charging, 31
§--"!rgopera_tlon I's made with high current density to inprove the perfornmance.
tHowever, in therpduocedart EP, since the dust charging 10 and col | ection
Har e made together in respective gas flow ducts, the discharging el ectrode
ﬁii s formed of one havFmerefergoods débevwar e EHGw abi drigh ivolhage qsulse

Bl ectrode 2 having spines as showmn by (A), (B) and (#Q;oﬁ FIG 5 or the
ip‘r‘-e’ctrode 2 havieBesaters r8ei and ofd carea2dded (s 1the RE I5.gh [waktage shown
#by (D) and (E) of FIG 5. _Therefore, when the char ulsels
‘25uper| nposed, cAPPRRELRHFT i PR d gbchléﬁfﬁ‘églélu%?ugﬂ’rf‘c-g ?ﬁlta‘i%egd
& .ncrease of .the electric field effective to £ol1 ect dust can not é%#ﬁxa

’E?d ﬁre?f |ﬁgr058 ChaRge | %h%o?h%f?ép%eﬁhafﬁF eristiq as ;phov
O5F i EP
é"_;enfargtorO\le gi%e{’\g%e meh %%nglgelg e%, lsjl?'s(?%ﬂ[e %%ﬁfc% S&ﬂ“eati:p%crpﬂgse

fravef or.ni ng - resbﬁggaggef{geié%ftﬂué?ﬁiéé ecl@af’é);ﬂ%agecr@“oiferatﬁl%rpch.@rmade
fonsunption i s increased. 25 arts of the present invention are

s follows: 5 with high current density to improve the performance.

Eowever, in the prior art EP, since the dust charging

10 and collection are made together in respective gas flow

e e
o A S

SRt
PR ORI

ducts, the discharging electrode is formed of one having
the good discharge characteristic such as the electrode 2
havinc spines as shown by (&), (B) and (C) of FIG. 5 or
the eiectrode 2 having small radius of curvature (d=1-3 mm
15 .¢) as shown-by (D) and (E) of FIG 5. -Therefore, when the
charglng pulse is superlmposed, current effective to charge_
dust can be increased but the increase of the electric field
effective to collect dust can not. expected and great improve-

ment is not attalned.

20 Further, when all area of the flow duct for gas in 3?
is charged by the pulse charging, the pulse generator is
expensive.’ When energy is dissipated as Jou;eﬁs heatlby a

I ___'- w‘avefcrming lresistance in order to generate a voltage

pulse, the power consumptioh is increased.

25 Prior arts of the present invention are as follows:




018#205 (1) U.S. Patent Nos. 4138233, 3980455, -4094653, 4183736, 4209306 - 4
angd:3763632. (2) U.S. Patent Nos. 3570218, 4018577 and 4126434. On the
“hand another prior art electrostatic 5 precipitator includes, as
shoan in FIG 17, a plurality of dust_gpollecting units 1p¥gq2
di'sposed in a body 11 of the apparatus along the flow ng direction of gas
shown by an arrow G and col |l ect dust in gas. ~ The dust collecting unit 12

conprises a plurality of dust cqllecting electrodes 10 21 di sposed in -
paral.l el it hU-fe Makanty Nase&didS2 3 §;§§Oéﬁé:i A08383Fed 4A83qBanshi p with

eacif other and a plurality .of discharging el ectrodes 22 disposed between
the_@c’ol I é(?t°-93i°r§g aé?%&%rscﬁ)%%z?l as shown in FIG 18. More particularly, the.

|1 ecti unip 12 . ' ! Qg h aigh |t~ | S l'i ed
et woen. BHle. S TN GRNA T GHUS IE qah Rd A RBEARERS el cotrodes 22 Lo
produce the CQ{nO%{':% g&(ﬁd &n 'in%‘i‘:Z%ﬁB{' Qr%a\%ﬁ%%t%@ttaﬂét 'S

collected on the co | ectrodes he collTecting el ectrodes 21 on
Wh?'j.'_ C"S dU%Jréci;fi‘ﬂd&?xt ShAhadY,! ANGheWR ahegrby hanmar %l%%a_&@.q Biovi ded in
t ke body 11 so that -the.dust. collected-by the collecting unit 12 is shaken

down ‘i Nt @QuaePRYI ek itics RftE UNdehildhe areOlliepbbea unl b bdagndiexausted -

outsi de by a conveyor. 15:In such a prior.art electrostatic precipitator,
25  wherhehappaaattus arlesigstfcmzsceﬂ@iﬂimlge ddnret:t'tisneqtfalgatso showheby] cm = 6-

an arrow G and collect dust in gas. The dust collecting

/' unit 12 comprises a plﬁrality_of dust collecting electrodes

10 21 disposed in parailei with thé floﬁing direction of gés

and in opposed relationship with each other and a plurality

of discharging electrodes 22-disposed between the collect-

ing electtodes.Zl as shown ih FIG. 18. More particularly,'

the cellecting unit 12 is constructed so that a high volt~

15 agé is applied between the collecting electrodes Zlhand the
discharging électroaes 22 to froduce'the corona discharge
and charge duét in gas sb,that dust is collectea on the
coilectihg electroaes.ZI. Thé'éollecting electrodes 21 on
which dust is collected are hit and vibrated by hammers 13

20 provided in the body 11 so that the dust collected by the 5

coliecting uni£ i2 is shakenudowﬁ into hoppers 14 disposed

under the collecting unit:lz'and'exhauéted outside by a

conveyor 15. - . |

| Ih such a prior art electrostatic precipitator,

25 when the electric resistance of the dust is equal to 10"QR-cm




05 or . nDre the inverse |on|zat|on S produced and the collec tion
TflClency is reduced. Further, while the dust collec- ted by the . :
|l ecting unit 12 is shaken down into the hoppers 14 by the hamrers 13, a-

rtion of the dust is 5 scattered again into the flow of gas and can not
col l ected by the hoppers 14, so that the dusg ol lection effici ehysi 205
duced. ‘A prior art of the present I nvention with respect to the above '
pparatus is disclosed in U S. Patent No. 4178156 10 SUMVARY OF THE

ENTI ON: The presghitméFe/ SHERON hve PBECi bR L EEENt 95T S0EYEE hen@bayee collec—
ar.awbacks. (i) 1t is an object of the present invention to provide an

;agt rostatic precipidmteof fitidnepnpaciedhcdal Ur pugtedp wihiDé ﬂ@éf&im%‘@llec
utilizing a pul se supply source economcally in total. (ii) It is .
ot her object of tbedprestht¢ colbettimgtenptolldésashakentdogn ainto the
ecipitator with high dust collection efficiency by conbination of a .

arging unit for 2opepems glhgeyiutie hammens ad3podsporeiemdod thetdust is

| lecting unit_having an ingproved structure_of a dust collecting . L
giectrode. (iii¥ | tSFatieTed %ﬁﬁ&%e%nE%JEE? stovnet pgé%eﬁ?dl?ﬂ¥wﬂ9?npﬁ(F°1lec e

skiovi de an el ectrosg at reC| r whi ch ven dUCIIO the
Gl ection perforr 'hﬂigh a% §Qy §g ?Bﬁléﬁf% %ﬁ ency is.
#rscattering of duféduJEd. .

A prior art of the present invention with respect to

the above apparatﬁs is disclosed in U.S. Patent No. 41781565i

10 SUMMARY OF THE INVENTION:

The present invention is made in order to resolve
the above drawbacks.
(1) It is an object.of the present invention to provide
an electrostatic precipitator with compact structure and
15 high performance and utilizing a pulse supply source
economically in total.
(ii) It is another object of the present invention to-
provide an electrostatic:precipitator with high dust
collection efficiency by combination of a charging unit for
20 charging dust as much as possible and a dust collecting unit 
having an improved structure of a dust collecting electfode;
(iii) It is still another object of the present invention
to provide an eleétrostatic precipitator which prevents
the reductien of the collection performance due to the

25 inverse ionization phenomenon and re-scattering of dust



'and can collect dust in-gas effectively. Accordingly, the gist of
~present invention is as follows. A two-stage electrostatic preC|p|tator
ingluding a 5 charging unit for mainly charging dust and a dust
cokl-ecting unit for mainly collecting dusf is featured by th f1o I.ﬂ q;}ﬂ
items (i), (ii), (iii), (iv) and (v), resgectively (1) The g t
usgs a discharging el ectrode having substantially unifornicross section and
t he di schar gi el.ectrode is. applied with a high vol tage pul se

super i rrposedad% £IC I Fodigde in(BRF FhECERAVGING unit conprises a

di schar gi ng electrode stantiall ni.form cross_sect.ion.and a
pliare- | i ke or rouftf ,ggle n@léleBFngE Eﬁ&sgnﬁidﬁvﬁBiﬁgﬁelBulse 15
superi nposed q¥:ﬁ§ |gh voltage is applied between both the el ectrodes.
(iii) Dust cdll éc i'ng electrodes in the formof a rod disposed in the

dijr ecti on SUbSta“hl%Md#éﬁﬁﬁ?Qﬁb@%&égthelhh?r%k@ﬂﬂ%&ﬂ@kr%ﬁbiﬁﬁlﬁB gas and
hgvi ng substantially uniform 2 cross section are disposed forma

pql ygon and aiiayidiginiti tfor@aifey enhdirgehar gud ehackr adetdespreediay a
sgb- stantially equally spaced position fromeach apex of the. polygon
farmed by thmmmﬁIﬁuﬁnngEbemtﬂoéetlﬁgvﬁuaususc&bbamreﬂgbglehbrﬁdésowmnghe'“
f)rniof a rod 25 di sposed in the direction substantially perpendicular to
- 8- items (i), (ii), (iii), (iv) and (v), respectively.

f (1) The charging unit uses a discharging electrode having

A substantially uniform cross section and the discharging
10 électrode is épplied with a high voltage pulse superimposed

on a DC high voltage.

(ii) The charging unit comprises a discharging electrode
having substantially uniform cross section and a plate—like
or round dust collecting'electrode and a high voltage pulse
15 superimposed on a DC high voltage is applied between both
the electrodes.
(iii) Dust collecting electrodes in the form of a rod
disposed in the direction substantially perpendicular to the
flowing direction of gas and having substantially uniform
20 cross section are disposed to form a polygon and a charging
unit includes a discharging electrode disposed at a sub- |
stantially equally spaced position from each apex of.the
polygon formed by ‘the collecting electrode.
(iv) Dust collecting electrodesin the form of a rod

25 disposed in the direction substantially perpendicular to




5!%1205 the flow ng direction of gas and having substantially uniformcross
section are disposed to form a:-polygon and a chargi'ng unit includes a

di schargi ng el ectrode di sposed at-a substantially equally spaced position .
fromeach apex 5 of the polygon forned by the collecting el ectrodes, and a
hi gh vol t age pul se superinposed on a DC highgyoltage is applied &1&1;265 :
di scharging el ectrodes and the collecting el€ctrodes. (v) A charging unit
and a dust collecting unit are 10 di sposed al ong the flow ng direction of
gas and a smal | eREtEBRingladPEEcE B COEL A8 2h8 hBOihLOMUBELEREIA Ty

di sposed downstream of the dust collecting unit. The present invention
proyided with thenpboym 606ss rskctidwradétaisposbe tol Foymng SRS and
(i) The function of the charging unit for charging dust rapidly can be
greatly inproveda Ghargib@eunlirstinsludes geddpsehapgihy ebettroddaliFpked
unit, the supply of current in the dust collecting unit may be a m ni num E
val ue required tatpzesuhstambiaklycaquallngspaceficrdaition Theomfeaah apédit gh
20 electric field can be maintained without the inverse_ionization and
the high dus® copfekleoRobYIoRikarmed by behat ¢al heatingcelteskipdes « mnd -
el ectrostatic precipitfator with conpact structure in total and high L
efficiency can b %.ﬁPeV@%FaQESPU1ég)s¥Qﬁ¥i@P?s§ neR & Rodhigh Y?éiﬁﬂﬂs&? o

supply source angpﬁfied between the discharging electrodes and the collecting

electrodes.
. : (v) A charging unit and a dust collecting unit are
10 disposed along the flowing direction of gas and a small
sectional damper for cutting off the flow of gas is disposéd
T downstream of the dust collecting unit.
The present invention provided with the above construc-

tion attains the following effects.

15 (i) The function of the chatging unit for charging dust
rapidly can be greatly improved. Since the aust is charged
previously in the chérging unit, the supply of current in
the Adust collecting unit may be a minimum value required
to prevent the re-scattering 6f the dust. Therefore, a high

20 electric field can be maintained without the inverse
ionization and the high dusf collection efficiency can be
attained.’ Accordingly, the electrostatic precipitator with
compact structure in total and high efficiency can be
achieved.

25 Further, since a cost of the pulse supply source and



S 0161205 the power consunption are proportional to 'a == i
_!ptance bet ween the di schargi ng el ectrode and the dust coIIectlng _
gctrode, it is very economcal to ut|I|ze t he pul se supply ‘source while
iting to only the charging unit. In this manner Q1812 E5nt
ent i on i5 to provide a two-stage eletk Ostatic precipitator wth conpact
Fucture and hi gh performance and capable of utilizing the pul se supply

jirce eCORNY GRiveY. cohsimbigofl! afer p#poritichale +of t'&‘apQE§§§ﬁE i nvention

£- can formuniformcurrent density near the dust colleécting eFectrode

B hi gh elieaiden fthel dlééﬁarbﬁlﬁgdb&éb%ﬁ:ﬁaégaﬁ'deQ:Heo%s%ndolhécﬁﬂh?eCt' ng
£r ode. By utilizing this characteristics, dust is charged unitormy

|l hi gh opﬂm@trad&g ditedtr veryi ekcdnbod celle thi gitildziesthecpullset is

{ ai ned, 15 so that the function of the two-stage EP is inproved.

¥t her, wmmmpﬂweSbmgﬁevuh@&gelpmn§engst@pphigdthp cherbigh unitage pul se

ner at or connected through the coupling condenser, the effects is nore

bar kabl e, (i TP Ab&Sr BRRBero the present inventiion ishsochueyidg 20

« for. cha%%!n% dust & gas and.the collecting unit for collecting dust .

farged by & &Pgen G 6REFOBYaEAE. PEEFIREtREPE VALE &P?Bégﬁd al ong the -

T d f h | ff the
low of géé‘%fié* el 2884300 bhe SuRLL caeehionab d3PeE Loty cutipng of f the _.
fere can kg o4 8y CLBELE@SLBbhGnRERTHGL L al OF whi ch - 10- |

(ii) The electrode structure of the present invention

§ N - .. .
?, 10 can form uniform current density near the dust collecting

electrode and high electric field near the discharging

electrqde and the collecting electrode. By utilizing this

characteristics, dust is charged unifq:mly and high operat-
E 3 ing electric field for the high resistance dust is obtained,
@ 15 so that the funétion of the two-stage EP is improved.

? - ' Fnrther,.when the high voltage pulse is applied by

the high voltage pulse generator cohnected through'the

cdupling condenser, the effects is more remarkable.

f_\.{ (iii) According to the present invention, the charging.

| 20 unit for charging dust in gas.and the colleéting.unit for
collecting dust charged by the charging unit by the coﬁlomb
force are ‘disposed alonglthe flowing direction of gas and
the small éectional,damper for Cutting.off the flow of gas
is pfovided downstream of the collecting unit. Accordingly,

25 . there can be provided the electrostatic precipitator which

- 10 -




!!![205 prevents the reduction of the collection performance due to the

i nverse ionization and the re-scattering of dust and can collect dust in
gas effectively. BRI EF DESCRI PTI ON OF THE DRAW NGS: 5 FIG 1 shows a
construction of a prior art electrostatic precipitator; FIG 2 is a plan
vi‘ew of the preci pitator of FIG 1; FIG 3 is anpenlarged view of @9 205
el ectrode unit; FIG 4 is a characterlstlc dlagrgn1shomﬁng a relatlon i%

of electric current and vol tage of the electrode unit of FIG 3; FIG 5 is

per spective views _show n ectr tructural diagramof a
two-stage el ect r odF&t VeBtg g%?p??§98ilgﬁoﬁﬁnghﬁn°8 SHFﬁﬁﬂtP%¥g ange due to
préﬂﬁnt I nvention I W pLE aror FLG . 6; .
FIG 8 is an enIaF&gagbyéﬁ#gfggﬁkg? fro gﬁukﬁg %ﬁg£¥ Fett Pi t%?stF?EQ ean
shows a conblnathgahek@ygggtoin gQEaEQEBQtEQel unit and a collectlng unit
of the precipitator; FIG 10 is a’c aracterlst|¥ diragram show ng a rel ation
of electric curre@mI@mdpggtnggglgﬁ beerghapghRengg:t; FIG 11 is
perspectlve vi ews TOT _di schargi ng elecirodes ol the precipitator; 25

FIG 12 is plan Vi ews FmenDgshﬁVQUEScahsthﬁccﬂbheeflEgprlor art electrostatl

i

v - prec1p1tator,'

FIG. 2 is a plan view of the prec1p1tator of FIG. 1;

FIG. 3 is an enlarged view of an electrode unit;
— FIG. 4 is a characteristic diagram showing a relation
10 of electric current and'voltage of the electrode unit of

FIG. 3;

FIG. 5 is perspective views showing electrodes;

FIG. 6 is a structurai diagram of a two-stage
eiectrostétic'precipitator showingtan'embodimenf'of the.
15 present invention; | '
it | : FIG. 7 is a plan vieﬁ of the precipitator of FIG. 6;
%_ '~ FIG. 8 is an enlarged view of an electrode unit of
the precipitator; :
FIG. 9 shows a combinafional layout of a charging
20 unit and a éollecting unit of the precipitator;
FIG. 10 is a characteristic diagram showing a relation
of electric current and voltage of the charging unit;
FIG..ll is perspective vieﬁs of discharging eléctrodes_
of the precipitator;

25 FIG. 12 is plan views showing layouts of the collecting

- 11 -




01205 el ectrodes and the discharging el ectrodes of the present invention,
i-T-whi ch (A) shows a square.l ayeut and (B) shows a equilateral triangle

| ayout; FIG . 13 shows an el ectrode construction of a prior-art 5
twp-stage electrostatic precipitator; FIG 14 shows current densit

di stribution character- istics of thegcollecting el ectrodl & %éh (A
shows a characteristic of the present “invention and (B) shows a prior art
characteristic; 10 FI G 15 shows characteristics of electric field
strength qieekbbBEti 9Ra kReMiSBhbA)iAGO¥ScREBEadR b NAHE Ghresestiric field
of /t'he present invention, (B) shows an electric field strength distribution
culve | N ipA&kntich, ShaWehaesa (RAVEREwBI ghsehasé ridydute| dhdf (BNeswswor art
and (D) 15 shows an electric field strength distribution curve in (C ;
FI G 16 iaseguiilldeevb@wtsdheodel ¢abutil| | ustrating a constructi on of anot her

prior art electrostatic precipitator; FIG 17 is a perspective view show ng -

a-constructi oRI6L. d3debpwsokneelparofet constr@tian ¢ a prior @S, 18 to
20 show an enbodi nent of the present invention; in which FIG 18 is a side
vi ew Schéweriséasey el PFESPeAAtA§ RTE6RBLFAEPFON of a two-stage el ectrostatic
precipitator; EILG-.19 |[s "a perspective view schematically 25 _illustrating
a chargi ng unFFGan&%asbBWPeEPFﬁgnﬁng??s}tl2d45trlbutl°n dharacter-

istics of the collecting electrode, in which (A) shows a
characteristic of the present invention and (B) shows a
— prior art characteristic;
10 FIG. 15 shows characteristics of electric field
strength distribution, in which (A) shows area having high
fl:? electrig'field of the present invention, (B) shows an
. electric field strength distribution curve in (A), (C) shows
area having high electric field pf the prior art ané (D)
15 shows an electric field strength distribution curve in (C);
FIG. 16 is a side view'schematically illustrating a
construction of another prior art electrostatic precipitator;
. FIG. 17 is a pérspective view showing a construction
of a dust collecting unit of FIG. 16;
20 " FIGS. 18 to 20 show an embodiment of the present
invention; in which.
FIG. 18 is a 'side view schematically illustrating a
construction of a two-stage electrostatic precipitator;
FIG. 19 is a perspective view schematically

25 illustrating a charging unit and a collecting unit;
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.wﬁ61205 FIG 20 is a perspective view showi ng an exanple of small sectional
n&anpers FIG 21 is a side viewof a nulti-stage electrostatic precipitator
Jghomnng anot her. enmbodi nent of the present 5 invention; and FIG 22 s '
1'|gde view of an el ectrostatic precipitator showing l® rodified exanpl &lfs‘l 205
dhe present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON: The present
vention w | nom/be_descrlbed in detail- 10 based on enbodi nents shown
FIGS. 6 to 12, 14, 15 18t 92 e [ I g*ﬁ&g
scribed with reference ?@éFI%g Qg 2 p%?%p&b Z&?.ﬁgggogﬁﬁg%¥b6hﬁn %ﬁ Of
gctrostatic 15 p@ﬁ@uglbabgﬁohagladﬁgeeaarglng unirts 6 and dust
IFecting units 7. The charging units and the collecting units are -
sposed in conbination i FIGhe2fioig af sddei ndew OFf a mhmtakstagefelectrostatmc
nmbi nati ons of the charging unit and the collecting unit or the charging
it, the coIIectlngpwncupamdtﬁﬂ shoWéngokhethengemhoéimenshofinthe Présedt
e charglng unit 6 i s conposed of discharging electrodes 4 which are in
e formof a rodnd whvensfics:tando nm as shown by (A of FIG 11, or in o
e formof a square wi re_of diagonal width 4 to 10 nm as shown by (B) of . -
i FIG 11, or in: the fSFﬁTs?ﬁ1Fﬁrat§1FﬁeV&FWe°5nﬂnhﬁ%ﬁﬁﬁrastiglc Pre°1P1tat°J

show1ng a modified example of the present invention.

DETAILED DESCRIPTION OF THE INVENTION:

The present invention will now be described in detail -
10 Dbased on embodiments shown in FIGS. 6 to 12, 14, 15 and
18 o 22.

The first embodiment will now be described with

reference to FIGS. 6 to 1l.

Referring to FIGS. 6 and 7, the electrostatic |
15 precipitator includes charging units 6 and dust collecting .
unife 7. The charging units and the collecting units are
disposed in combination in the form of a singlé or a
plurality of combinations of the charging uﬁit and the
collecting unit or the charging unit, the collecting unit ar
20 the collecting unit as shown in FIG. 9.
The charging unit 6 is'composed of discharging
electrodes’ 4 which are in the form of a round wire of 3 to
10 mm as shown by (a) of FIG. 11, or in the form of a
squafe wire of diagonal width 4 to 10 mm as shown by (B) of

25 FIG. 11, or in the form similar to the wire and having a

- 13 -



o . 0161205 uni form cross section along the Iength'therégi;mi
hown by (C) and (D) of FIG 11, and plate-like or round dust col-
cting el ectrodes | a which have | ess unevenness and can form uniform
el'ectric field on the surface thereof as showmn 5 in FIG ﬁ, Q i gh
vol tage is applied between both t he=dHect rodes 4 and Iaq oﬁr I gh
vol tage generators 3c and 3f shown in FIG 6 and further a high voltage
pul se of several tens ns to several hundreds us is apglied froma high
vol tage putiforgefEraeorecsaonnalong: theudrneshpthageed as cehpihdys 9a and
9b i her ebet wee i e _superipgposed on . the DC high voltage. Even if the
col &/ct i nﬁ:)ufﬁ”g %)s"éoﬁgﬁse of a&%?ﬁtﬁrﬂréf‘ﬁogroro’dﬁgtg‘é%*r 1247 ng
el.ectrodes and di scharagi.n | ectr.ode i ¢h _have i del y used hitherto,
T s 05 Tecking e1RtgaRg  Fentha B halB, 18aa" iR VR P SRFL o
However , I fi ' c lhat.L.o t ' L der I nation
of the df@%ﬁgﬁgﬁﬁg e-g§%%g§g§ gqg%g Fhe%gﬁsggégﬁkgcgﬁﬁgée eé%r%bes | b which
can optaij 1 5398 82 Righ 381RR3Y Blse aBY1LAI BbElEEn oY Cihdet veen the
drs¢ﬁgrgfﬁb%§%9' electroﬂegv§;alon§;the f_%w of gas or?by na&?%g | arge the
radi us ofel@ett¥aese 40hnheadifzehadDEI heWRC bR EaGe SgohetditoXs By al ent
radi us of curvature of the electrodes 5 which are not round. Since the

el ect r ostazid @GfHishown tat BIGof 6t badethatheent Bigh 0bltage preksmtof nvention
i s constructed above, a high - 14 -

several tens ns to several hundreds us is applied from a

(NI% high voltage pulse generators 8a and 8b through coupling
10 condensers 9a and 9b therebetween while superimpocsed on
the DC high voltage.

Even if the collecting unit 7 is composed of a com-

bination of dust collecting electrodes and discharging

electrodes which have been widely used hitherto, it is

15 effective by combining it with the above.charging unit 6.
However, as a more effective combination, there is considered
a combination of the discharging electrodes 5 and the dust
collecting electrodes 1b which can obtain a voltage as high
as possible by minimizing a pitch between the discharging
20 electrodes 5 along the flow of gas or by making large the

radius of curvature of the discharging electrodes 5 or the

equivalent radius of curvature.of the electrodes 5 which

are not round. |

Since the electrostatic precipitatér of the embodiment

25 of the present invention is constructed above, a high

- 14 - -



0161205 electric field is generated but current does not flow as shown by ¢
or- d of FIG 10 when a normal DC high voltage is applied. However, when
the high voltage pulse is super- inposed on the charging unit 6 conposed of
the discharging 5 el ectrodes 4 and the coll gl ng el ectrodes 1@ 1gf 2%3
char- acteristic of less current flowng, ther'e Ts obtained a current a

vol tage characteristic that a relatively high current denS|ty I s obtained

while maintaining a gh electric field as shomm e of FIG 1 t he case
-of hi gh 10 re§%§P§r‘f&€ dastd imegeperafed but %}?&rtgéeeﬁl aﬁFny?Heas |

6 ch d d
kel on 1o a @?19375%@2%% B Rbc 5t dly VHERS S e g REChAEE, YLtasg,te

that dust is sh r s, &d r y '
el ectrostatic prg)g1 atorx‘W ggqe ahe%T%&%c%gg%ég%g ? §UhﬁgnlgogP§%%ed on
the collecting %h%ts@adsabihteh%hfa%%gohrﬁ@ selc%&arols@df bel dnknatBenaebliggt -
ing unit 7. The électrodes of the collecting unit 7 are constructed So :
that current doesekekrodksDat andowhendod leicdingl ellekiteobiee! dlashaengghal shar-
obt ained. The collecting unit 7 20 i's combined with the above charging .. .
unit 6 to obtai acterikitdh dfisflessl kattrienn dEfliowingncthelre fibecbaadngdnaer . as
the general two-stage EP, the discharging el ectrode may be formed of a - -
plate and the cmr@@prtngndnwplmeb@mmmr@fsttu% thatahl melpr-aveéyzhlgh

generatlng a high electric field. - _ 15
current density is obtalned while maintaining a high

electric field as shown by e of FIG. 10 in the case of high

N\

10 resistance dust. Hence, dust can be charged highly.
" The charging unit 6 charges dust mainly but possesses

a dust collecting function to a certain extent. Accordingly,

the unit 6 is constructed so that dust is shaken down by hammers

in the same manner as in a ordinary electrostatic precipitator;gé

15 ' The charged dust is then collected on the collecting
electrodes by the force of the electric field in the colleété
ing unit_?. The electrodes of the collecting unit 7 are

constructed so that current does not almost flow and a high

N~ electric field strength is obtained. The collecting unit 7
| | 20 is combined with the above charglng unit 6 to obtain the
high dust collection efficiency. |
In the same manner as the general two-stage EP, the
discharging electrode may be formed of a plate ana the.
collecting unit may be formed of the parallel plates

25 generating a high electric field.

~ 15 -




“I'n the enbodi ment, the di sc'h'argi ng el ectrodes 4 havi ng a uniform
“.on Wi t hout spine as shown in FIG 11 are used to be applied with the
gh vol tage -pul se of ~several tens ns to several hundreds us superinposed

he ordinary DC 5 high voltage and thﬁﬂel ectrodes are Q@18 as the -
clgarging unit 6 for mainly charging dust-1""the EP. Further, the charging
ugli't 6 is conmbined wth the collect- ing unit 7 of the next stage which is
afchargi ng section of |low current and high electric.fj gbtaiAnkhe
hikgh dust 10 Cph| @sd i ebgnfertnarkke ¢hgchanel ﬁeleé:?g%ﬁtae%gi ng el ectrodes
L fhavi ng uniform cross-section wthout spine: are I M tih the asdicnary
{ high vol § agei formrseattdoewitdiowt r&%g?lﬁ’/v%hso@ﬁgv&q by a curve ¢ or d of
FIEE 10 and the state then shifts to a 15 . 1 SIeNsy ddwgredt atems or the
stga_ate shi f t sot bet appﬂ.mémbﬂ?oﬂi‘%i]ﬂbggt‘é?letﬁ%égé&t% very low current and -
hitgh vol tage conditi on. _Howeyer, by_s ' Si88 dhethpel esdmsnyadf of
sﬁyeral tenssn$0t§e§§VéFahuﬂ%ﬁﬁ?§désugggékt g DC hi gh voltag%blthe current
afd vol tage characteristic_.as. sh byodls agdl ¥enetbdnéd @s 1¥0% s obt ai ned
arg.__d t he mpemﬂloﬂoéé?ﬁ‘gﬁe_aﬁgdgh%sg?%c by~
oft '

96e®REds as shown by P4 of FIG 10 ;/lvitglgut. generation.
‘he inverse ‘i qni Zati.on cate @ ‘Rhbqghak charedhgddnskt gnatheofpared with the 4
i r'iye"rse i.o'ni%‘i%ﬁ‘%t%%éb%g?t ?}on--Pg_i n. whi ch- the pul se vol tage.is, no B

t
sUperi nposed. _Accof dixngl ¥a: f wadid @n isf c2Bbingdompthy thfaf iﬁ “Gust can
b% greatly iErdtEy. déh%-éharrgrﬁg- PROMRETY 8 :

. . e . £
ing unit 7 of the next stage which is a charging section ©
) . . » . t
low current and high electric.f;eld to obtain the high dus
10 collection performance.
(1) Whén the discharging electrodes 4 having uniform

. s i it inar
cross section without spine are applied with the ordi y.

DC high voltage, currént does not.almost flow as shown by
a curve c or & of fIG..lo and the state then shifts to a
15 spark generating'staté, ox the state shifts to the inverse
; | ionizing.state unaer the very jow current and high voltage
condition. ‘However, by.superimposing_the pulse voltage of
'geveral tens'ﬁs'to several hundredsus on the DC high
volﬁage; thé current and voltage characteristig as shown b%
:20 curve g of FIG. 10 is pbtaingd and the opera#ion can.be made
| as shown by P4 of FIG. 10 without generation of the 1nyers§
| ionizatioﬁ.at a hiQhef.current density as ;ompared with the
inverse jonization start condition P3 in which the pulse

voltage is not superimposed. Accordingly, the function of

25 promptly chafging dust can be greaj:ly improved.

- 16 -
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G 10 5

However ,

ot al

205 In this case, when the prlor art discharging electrode 2 shown in
since the current and voltage characteristic is as shown by
feurve f of FIG 10 in the ordinary charging state or as shown by curve g of
e in the pul se voltage superinposed state, the voltage is |ow o
while the current density can be obtained. Accordingly, the armuﬂ' g“ - o
aturation charge for dust is limted to | ow .hence dust is no 205.
ufficiently charged. (2) In the prior art, even if the current is 3
nore than the inverse ionization start condition (P4) of the
urrent and vol tage chapaghesi g€, OfnéhGhe 1Bridknage! B?sEHEf&ﬂﬁg'électrode-

nsumed due to the increase of i ons of reverse porality and voltage 1s not
m the dust sgelhechi PrGef$i L4 easyd| Ssifitel BRECAELHendband voltage
in the present enbodi nent, since the dust is incresingly charged
ven in the operabhagacaegﬂsbyer1§MastﬂbodusbycohreetfoofeFIGC|Eucynlﬂhe
can be inproved due to inprovenent of the dust collection efficiency
the latter stagedoharnechirging cetate ofekd pbownohy ehrve ghef 2BIG. dt |
gol lection efficiency of only the charging unit is not inproved.  In the s
fiti or art chabgi ngnnthacPulshevoltrge nepeeimpasedt Foates Hencvaltagethe low
.ﬁUrrent flows IocaIIX and the currepnt is consung é the [ocal gor 1on Co
zﬁnly Wien t he qu@é g t F
#niformy in the Lpver se |gni§at|on ner at agggtg

a;IG. 5 is used,

incr eased 10

10

15

20

25

oFPEgRUFEeR s FhbE B2 P RLREAS | oBE

dus% is limited to

ingly,

e amoun saturation ¢
low and hence dust is not sufficiently charged.
(2) 1In the prior art, even if the current is increased
more than the inverse ionization start condition (P4) of
the current and voltage characteristic of FIG. 10, since
the current is consumed due to the increase of ions of
reverse porality and voltage is not increased, the dust
collection efficiency is not increased. |

However, in the present embodiment, since the dﬁst
is incresingly charged even in the operating range over P4,
the dust collection efficiency in total can be improved due
to improvement of the dust collection efficiency in the
latter stage of the high electric field portion, while the
dust collection efficiency of only the charging unit is not
improved. In the prior art.charging manner, when the
inverse iohization is generated, the current flows locally
and the current is consumed by the local portion only.
When the pulse voltage is superimposed, the current flows

uniformly in the inverse ionization generating state.

- 17 -




8- - "0161205 Ac¢ordTngfy;_mhile_the ions of reverse porality are
*ncreased, the absolute supply of ions is increased by increasing the
eurrent, so that the dust is increasjggly charged. - Tﬂiﬁsiﬁzglsi rmed by
‘experinments. 5 (3) In the enmbodrneht, the function of the EP is divided
into two stages and the high voltage pul se of several tens ns to several
‘hundreds [err] superinposed on the,DC hi.gh voltaggtis-app[éggﬁ%g?énly t he
char gi ng uni,t for . minlkyeChanhg 8F teverseoporalityiedpel "source
can b@CEGrg&Pﬁl'Ze&mggghgﬁfcalIy and effectively. In the.eleg&rostatic
preci pitat r8ﬁ-f 1_%195 gligrerionsa igarinicrkesed by iBFER2SEBE ER&nple, can b
-c;_fi_?raf‘"}gé'd‘% ot saturated charge quantity for.the %harg'h_q? tgne of o.l
seeond_and 95%J0reHa s agndust tie iperiessdngaycSPREPES 15 ion in the
condi t% 3t ‘t he current density of 0.2 [err] and the electric field :
st rengg by, of e & g rexpeciomendisgl y, if the velocity of gas is 1 ms, it is -
sufficrient practi- cally that the |ength of C dish@iRddeaon Is several -
tems cgyjo fn mh@Oembodimeng, d@%%r%%%”a%b\?eff Qg‘&%ﬁji ng to the present :
i nvention, the discharging el ecirode ' N Yo Heddaal lgensi f-orm crossy
*'S"_'__ec.-t;'i'-"omn'aagtw_hES thgeacapd| -fs&?%:cl'.{_’c%_’at':"?ﬂtggi%%’c};nla:_ start vol t age~i s=-hi gh -and
the currént™i's"difficult tq flow. H5e OIS Rifey DRC Highh voltage is
appl i edlsi soceeverad ﬁPPﬁr§§5“§h§h§€g?m%o§?ecting el ectrode capabl e of

form n%ctlggégnggorargpii‘le% to only the charging unit 6 for mainly

charging dust, SO that the pulse supply source can be

15_/ .util.i'ze'a ecénomically and effectively.
'In the electrostatic precipitator of the _embod:.ment,

..a particle of 1 micron, for example, can be charged 65%

4 ’ » - I. f
' of the saturated charge quantity for the charging time ©

0.1 second and 95% for 1. second on the pasis of a calcula-
: ) . . R 2
:15 tion in the condition- of the current density of 0.2 mA/m
. ' . . . . ly,
and the electric field strength of 3 kv/cm. Accordingly

it i icien acti-
if the velocity of gas is 1 m/s, it 1susuff1c1ent_pr

+ the length of the charging portion is several

- cally tha
.\,/ tens cm to 1 m.

. i i ion
As described above, according to the present invent ’

-20 .
. stantially uniform

the discharging electrode having the sub

isti tart
cross section and the charac_:terlst:.c that the coropa_ s

1tage is high and the current is difficult to flow when
- . ) » 3 - lth
the ordinary pC high voltage 18 applledlls combined wi |
| - i | i form
 25 the dust collecting electrode capable of forming the uni

- 18 -~




0161205 and high electric field on the surface thereof
and t he high voltage pul se having a pul se width of several .tens ns to ;
hundreds [err] superinposed on the DC high voltage is applied o
between both the el ectrodes so that the high curtéht 5 density i D161 205 :
obtalned whil e maintaining the high electric field strength for the high )
résistance dust. In view of this characteristic, this conception is mainly .
utilized as the chaig Qﬁxé&ﬂ"él@étﬂbﬁfl@l‘a tdie SbSABURNe CHRALAD ¥ SREEN high
fsor apply| ng the DC high voltage 1s utilized as 10 t he dust collecting _
upizt.  Accordi ngl y,védeade g5€T8e i XA @N pulsd Gkl ice ddifed e aidms ! ite

A ﬁ&ypltator W th conpact structure and high performance and utilizing the

pul se supply sour ceseonrm)yi natdyeds |isotsaipeyimmdsd airi drheofDQ Heigthardditiage is
unit and the collecting unit. 15 Anot her enbodi nent of the present

|_.nvent ion will now dppdesd rbéeween tHotheftdree fleaty Kleas sol X hay thel high current
Referrlng to FIG 12(A), the dust collecting el ectrodes |a have a circular '

of simlar unifdrmasnits s i ptaipedhahdileeamaigtapidinshdihai hich ¢larerdss

flzow G and the discharg- 20 _ing el ectrode 2a -|s dis oseg at the equal i
dist ance from each fa“pfe];@o? txengtdh {Rfothen Yy thie % Bfs
ofii the collecting el.ectrades la._.The coI ectln rodes Ia forn1s uar es

i FIG 12 (A and '?lb’rsm"%hﬁ?%‘i“e‘?’aﬁ ni GeigiEes as

2

Lion of the ol ag) ralese i ek igB td%féé %A&ﬂet&qta{bese%é&e chking

: section for applying the DC high voltage is utilized as
~ 10 the dGust collecting unit. Accordingly, the presént invention
is to provide the electrostatic precipitator with compact
structure and high performance and utilizing the pulse
supply source economically in total by combination of the
charging unit and the collecting unit.
15 Another embodiment of the present invention will now
be described with reference to FIGS. 12, 14 and 15.
Referring to FIG. 12(A), the dust collecting electrodes
la have a circular or similar uniform cross section in the.
direction perpensicular to the gas flow G and the discharg-
20 iﬁg electrode 2a -is disposed at the equal distance from
each apex of the polygon in the polyéon formed by the
centers of' the collecting electrodes la.-
The collecting electrodes la form squares in FIG. 12(a)

and form equilateral triangles in FIG. 12(B). The combina-

25 tion of the electfodes is not limited to the square or the

- 19..



0161 qu léteral triangl e and may be any pol ygon such as a rectangle or
' .es triangle which has a point at the equal distance from each

Jreof. However, the polygon such as _the square or the ' I
"is'5 desirable. In FIG "12,” t e ndfber of the pol ygﬂ#h?ﬁies

The rfunber is not limted to two and may be single or three or nobre. In

|G #2, numer ghud)rdeaphestaibhgil ahhgﬁag%éa&@y%ﬁfg%&rsudﬁu%f@ 8 a
hi gh. ol t age pul se generator and nuner al a coupl’ing condenser for
ng a pul gectahyhgeor TRR PsbStedes tybandbgeviitH Misidepodndhangi ng
#Y and the dust collecting unit Z constructed-integrally as 15 shown
in FEG 13. Thbectgnglindgishatcesfrompesed apewn theweddi.naticeevel ,a thai r of
di sclgar gi ng el ectrodes 2b and a dust collecting electrode Ib and the
gcting uni POL¥geBNPBShdasf the cagparat Ponthe eguilstienadi g iphgtle 4ds for
appl ¥i ng a high voltage and the collecting electrode |b. 20
Oper gt i on & tﬁ@séFéégFostatic preci pitator of the enbodi nent having the

% el’'ectrode:.congtryction wi |l now be described..In acgordance with the
it of electrode nsﬁ%&h ?ﬁ’tﬁ%?eﬂﬁ@g?ﬁeﬂf,£??EP?%ﬂqQ§ﬁiﬁﬁ; e%?ﬁ&d@?la
che b fzgrfm 2541 -bBE ¥R ¥eVBLL OLALGH L 8PS 1Y 1€ o 30r' RS W35 nY

i unit. The number is not limited to two and may be single

' ?;/ o or three or more.. In FIG. 12, numeral 3 denotes a DC

10 high voltage generator, numeral 8 a high voltage rulse

generator and numeral 9 a coupling condenser for applying a

pulse voltage.

The prior art twb-stége EP includes a charging unit
Y and the dust coiiecting unit Z constructed integrally as

- 15 : shown.ip EIG. 13, 'The-chérging unit is composed of a. com-
binétion of a pair of discharging electrodes 2b and a dust
collecting electrode 1b and the collecting unit is composed
of a combiﬁation 6f_a discharging plate 2c¢ for applving a
high voltage and the collecting electrode 1b.

20 Operation of the electrostatic precipitator of the
embodiment having the above electrode construction will
now be described.

In accordénce with the layout of electrodes shown in
the embodiment, the collecting electrode la or 1b forms

25 the very uniform current density Ip, on the surface of the

~ 20 ~




0161205 round collecting electrode la as shown in the current density

di stribution characteristic of FIG 14(A) as com pared with the current

sidensity [err] of the prior art electrode conbination (Ib and 2b) shown in

WiFIG 14 (B). This is 5 conformed by the theowdtical calcul ati @ t612085

itlexperi- nmental nmeasurenent of the inventor. On"the other hand, FIGS. 15(A)
nd (C) show equal electric field.strength lines for the discharging

el ectrode and the gollecti lectrade,. and Rl GS. 15(B) and, (D) show 10

he electric fiel df%‘k'@négé%etsﬁnﬁ tﬁ(}ﬁdﬁ %je £ assn(ﬁi‘g’é%‘t 1& 3 5n58?re'ﬂl1e
Guprior are electro T4l 4br Je ; hi e | cafi -
fimertions Pb only g&e‘%@éﬁg %%ﬁ%ﬁg@%’ e eéa%eél%@%ﬁo\?\g\gér?ﬁg hé\, is'! &b '
el ottrode structurgsda Wi iicitenth @Whd ity Ap,20¢ ¢Be Basokharbi Qﬂecgrod
i tric 15 fiel'd portions Pa not only near the dlscharglng el ectrodes 2a
ut al so near the combigrdtitth ef1eclan@d@y)a.shoWt Sn ¥1confiernepd byhibeis
Yheoretical calculation and the experinental nmeasurenent. Description is
how be made t bt hecdnfiotmend f thiee th@orettavadi raplonilatdbnt hedt thesérper &P, -
that is, the inprovement of the function of charging dust. Dust. handl.ed by
i:he.EP i s char ged Mgntaie neagumenentti oifd thieadgiventegi-nly, that is, by

2ner g2 Rg=si ngl e- pol e i ons produced by the corqna discharge bz t he
Blectric field 25 to@vltheiothesr hend addiGht 13@)dasd. (Crneheraegeal
fuantity - 21 -

s e B

s

electric field strength lines for the discharging electrode

and the collecting electrode, and FIGS. 15(B) and (D) show
10 the electric field strength distribution at the shortest

distance. The prior are electrode structure shown in (C)

and (D) has high electric field portions Pb only near the

discharging electrodes 2b. However, the electrode structure

of the embodiment shown in (A) and (B) has the high eléctric

15 field portions Pa not only near the discharging eleétrodes
2a but also near the collecting electrode la. This is
conformed by the theoretical calculation and the éxperiﬁental_
measurement. |
Description is now be made to the function of the
20 charging unit of the two-stage EP, that is, the improvement
of the function of charging dust. i
Dust ‘handled by the EP is charged by the electric
fiéld charging mainly, that is, by energizing single-pole
ions produced by the corona discharge by the electric field

25 to collide the ions against the dust. The charged quantity

- 21 -




05 q of the dust is given by ....... (1) where [err] (charged
saturation quantity) is proportional to 5 the electric field strength E °
of “the charging unit and T (charge tinme constant) is proportional to the
el.ectric field strength E and is inveysely proportional 04 61205 ent
density i. Accordingly, in order to Irncrease the charged quantity, it is
necessary to increase the electric 10 field strength E. Further, it is
necessary 4€ {HETRMSE {8 Qe density in order to increase the charged
quantity’in a short tinme.” As shown in FIG 14, in the enbodi ment, since the -
cug#ent density is uniform ag/conpared with the priqgr art 15 el ectrode,

t hj dust is chargdll Trfld oTIT®y BT t he high O'p‘ta‘r'a'tiﬂd electric field is
obtained for the high resistance dust, so that the charging function is

i nproved. More, particularly, in the case of the high resistance dust, the
oper at i nghers tggeldarpedrea ek thon asttaity ng 2 Progoititonzfl e i nver se

I oni zation and the starting point of the inverse ionization is determ ned

on the bheseifctrin Hirdd istranudud afl shecrharaing sauviterand @ f | owi ng

t hrough.the.dust. | ayer..and .t he resi stance pd of dust exceeds the breakdown
vol'tage Echaxge tHane)rangtand) isrprappitignal xp the,eleaisiicy of current

flowi ng from t’shtg_aresnugrtljl";i 4 éor];d e i%l{rsetfs-eﬁ:z ;5r0por0t]1%1nzaql.5_ to the

current density i. Accordingly, in order to increase the

charged guantity, it is necessary to increase the electric

"_10 fieléd stréngth' E. Further, it is necessary to increase

the current density'in order tco increase the charged
quantity in a short time.

As shown in FIG. 14, in the embodiment, since the

current density is uniform as compared with the prior art
15 electrode, the dust is charged uniformly and the high

operating electric field is obtained for the high resistance

dust, so that the charging function is improved.

More, partiéularly, in the case of the high resistance

\_ dust, the operating voltage is determined by the starting
.20 pqinf of the inﬁerse ionizétion-and the starting point of.
:the:invéréé ionization is determined on the basis of time
when the product id x pd of the current id flowing through
the dust layer and the resistance pd 6f dust exceeds the
breakdown voltage Edc of the dust layer. The fact that

- 25 the density of current flowing from the surface of the dust
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by the high vobtag
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‘tol l ecting functio
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15
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de is uni form produces the effect that the operation can
out generation of the inverse ionization until high '

e condition and hence the chargi ng function can be L
As shown in FIG 15, in the enbodi nent, an aregyi ,

eld is forned as shown by Pgég FIG 15(A) exis?%q?%w?%gﬁs-
de side. An area in which “is highly charged is

ini- ty of the discharging electrode in the prior art,

- o schar gl 9 . | |
E8aaRoRShE "eduBrbRer VTt EDEORERRCED, BhaRsoge, ot the
ofesalibs Eaﬁlﬂe,m%tﬁneah@i?mﬁtla?ﬂ@faieigﬂsafléhe inverse

ence the charging function of the electrostatic

‘precipitator is i naoededtidh until hight 86Fref¥ canBNeB1tE§e DEcha 9RivR| dr@e

el ectrodes as shown in FIGS. 12(A) and (B) by the DC
aeace3thet chareihgcfunet bSn coapabedimpibvéde prior art
tion. Accordingly, when the high voltage pulse is applied
e pul 88 ghowngineFEEorl3, comnbbeecembbdoneght i han caued i iy
confirmed by a test that the effect is nore remarkable.
which af higb edpetraenfialdoipofermedsashshewintby Pa of
n. The 2u§t col | ection efficiencg ger t he same surface
ElCectPif) ePELEFD RN 2B ¢QLIGFEINGSeLBRPEPRE Fi M- t P

eI YSLURSeh &8st is g%g&EQSCharged is limited to the vicini-

ty of the discharging electrode in the prior art, whereas
an area in which dust is highly charged is enlarged.
Accordingly, dust carried by the flowing gas G almost passeS';
through the area having a high electric field, that is, the
area in which Gust is highly charged and hence the charging
function of the electrostatic precipitator is improved.
Further, even when the DC high voltage is supplied
to the electrodes as shown in FIGS. 12(A) and (B) by the DC
high voltage generator 3, it is effective as compared with
the prior art electrode construction. Accordingly, when the
high voltage pulse is applied by'the high voltage pulse
generator 8 connected through the coupling condenser 9,
it is confirmed by a test that the effect is more remarkable.
The electrode structure of the embodiment also possesses
the dust collecting function. The dust collection efficiency
per the same surface area of the dust collecting electrode

is large as compared with the prior art electrode structure
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df hence the el ectrode structure ¢an be used as the ordinary one-stage EP. fif

HéﬂeVer, I f pipes are disposed in square at spaced intervals of the
glrectrode of the di's- charging el ectrode and the dust collecting el ectrode
for 5 the general industry, it is negessary to enlarge tQqg P20 er of
the pipes or increase the nunber of pt al ong the gas flow ng direction
in order to nake equal the dust collecting area per the same capacity to
the prior ar | ectrode and hen L. ' i nce e above 10
merit 1o nope BPRPecane RIESFAPAS btrbRsigk Baihe (hed AEPCASR ROV
ef f&ctive fopifhe tyunes ERp Asydgavbibedraboyes 496 &l gsbilsal
ch wr-terié?§%£?g¥n§§eb%égﬁg gonpination'of thg %o?ygon Iaf%ut (or%inarily
squar e) fOégﬁgrefaEhEp%e%@d;9&e§balkabfshﬁeedldaﬁfo@@Iéﬁctheléis—rng
el ectrodes and the discharging el ectrodes disposed in the substantially
center of Eh&r?@h?géﬂeb%rﬁ@@ehhﬁnthéndﬁ@tycbmeeﬁbﬁﬁ@CéEéésrbdeoforharging
dust differently fromthe prior art conbination of.the plate-|ike dust
col | ectsi ng tekegehegalpdndlselryy ik tbengaesthowi hg emlacge obhandizhe 20
di.scharging el ectrode |ine disposed in the center thereof. Sunmerizing the
novel poi nmetkrt bé phesgipesnesningneasedésber nbabienbolepipes 260R8 or .
si'm | 'ar shaped' dust col fécting el ectrodes is used jinstead. of the-parallel ™
pl at e- | i ke tigs gasofloming Sdrectiode inso4dg% tRe™2Rar §ERYL 2bhe ARFE of the
prior art two-stage EP and the ischargin% - .24 - - . 0161205
collecting area per e same capacity tc the prior art
iv; electrode and hence it is not practical since the above
10 merit is not utilized. Accoréingly, the embodiment is
particularly effective for the two-stage EP.

. As described above, the electrical characteristic

formed by the combination of the polygon layout_(ordinarily

‘square) formed of the round or similar shaped dust col;ect—
'15-_ iﬁg electrodes and.ﬁhé aischarging electrodes disposea in
the.substahtiaily Center_éf the polygon is excellent in
only the charécteristic-of charging dust differently from the
prior art combination of}the plate-like dust collecting
.eléctrode pa:ailel with the gas flowing direction and the
20 discharging electrode line disposed in the center thereof.
Summeriiing £he hovél point of the present inventibn
as described above, the round or similar shaped dust
collecting electrodes is used instead of the parallel
plate-like dust coliecting electrode used as the charging

25 unit of the prior'art tﬁo—stage EP and the discharging
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pel ectrodes are disposed at the substantially equal distance fromeach apex
%of the polygon formed by the center of the collecting electrodes, so that
§the charging function for dust is enhanced and hence the dust col I ecti on :
iefficiency of 5 the two-stage EP is mqreaaﬂesg A further errbodl(gi'rg?oé 5
.he present invention will now be describee h reference to FI G5 éP _
2. FIG 18 is a side view of the electrostatic precipi- tator show ng a
urt her enbodi ment of the present invention. 10 |In the fiqure,

n ral 31
notes a body ofekentindes pax%ltd)xSPQ%%fcﬁh@héPéisﬁén&%P@ YB?qﬁ’Gﬂna’réttGPﬁg

yust. in gas and dust collecting units 33 for | | ect st ch ed b the 
tgi ng uni ts 3Xugm t?ﬂ?}édﬂ’%’h‘rp?o@}%?e Pﬁlé'gcﬂns 8LB&Y; Eg' %g‘ annéhFhe '

Tposed of a Llefééﬁwtmmi%‘%“ hy & Ftha&déi SREsELsl g °‘”1 e

In para
th the gas flo d.II‘eCI I A
c»f opposed el ect \r%) AR r&]h%’b% ééﬁﬂp\/\%ec}]e t ?ﬁgghgkgﬁﬁfgf&éﬁte? gEile%u%: . of

ihe dust col | gcti f a plurality of dust

'-;jol | ecting el ect r{}%els{%% é%a%posegPQn par al I el with the gas flow ng -

@i rection and opposi t & tgyeackr bhssa BRshta o hal p&)és@htoﬁmmldnemades
#Bb di'sposed between the collecting el ectrodes 33a. The dis- charging

gl ectrodes 32a angby e cpposeibet aeitlpdasfe¥dncef t25FIGISe Alfartgi 12@.unit 32
ﬁre connected to the negative side and -25- 0161205

gp FIG. 18 is a side view of the electrostatic precipi-

kv (%4
i

tator showing'a further embodiment of the present invention.

1¢C In the figure, numeral 31 denotes a body of the precipitator,
in which charging units 32 for charging dust in gas and dust
collecting units 33 for collecting dust charged by the
charging units 32 by the coulomb force are disposed in two
stages along the.gas flowing direction G. As shown in

15 FIG. 19, the charging unit 32 is composed of a plurality of
discharging electrodes 32a disposed in parallel with the gas
flowing direction and opposite to each other and a plurality
of opposed electrodes 32b disposed between the discharging
electrodes 32a. The dust collecting unit 33 is composed

20 of a plurality of dust co%lecting electrodes 33a disposed
in parallel with the gas flowing direction and opposite to
each other;and a plurality of opposed electrodes 33b
disposed between the collecting electrodes 33a. The dis-
-charging electrddes 32a and the opposed electrodes 32b of

25 the charging unit 32 are connected to the negative side and
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sitive side of a DC high voltage generator 41, respectively. The
‘€cting el ectrordes- 33a and t he opposed el ectrodes 33b of the collecting

ugit 33 are connected to the negative side and the positi\ql%?ﬁgg 5 a DC
hifggh vol t age generator 42, respectivm)q _I'n other words, ae g?ng uni t
3% is constructed so that dust in gas~is charged by the voltage supplied
ffom the DC high voltage generator 41 and the collecting unit 33 is con-

structed sgnd sdsitwrdusiae b gebdhide MG Ganriratde X, is collected
by vol tage supplied fromthe DC high voltage generator 42. In the

ment regpeeive 5ect iMmlcoddrgreyind dlectordrdeasg 336 anlde thleow of gas is
mtled downstream of the latter stage collecting unit 33. The danper 34
& -const r uopeeEdd eldairafemE@dd asf Hovwrohlddt@nMrdid 38ee¥es to prevent .
sgat- tering of dust when dust collected by the collecting unit 33 is
shaken dowperngetedppertheanegative ekdecints the) pasgtive, sideePal 51
denotes a novable closing plate for sequen- tially closing a ﬁéurality of

gps paSsagesPG&high rﬁ‘%llWeZ(?eneﬂ?et?ﬂ Ut iSERFCTHIRLYcol & PER§Tel ect r odes

2 5 st MBS S U o BRI L

nechan sm 88 rheoREnt P B AT S Barrkd KBIRE bR TS s

a?-nd _60 pr W&ﬂ@gg@tgéﬁp&%tdrzﬁ ané. %%ecting unit 33 is con-~

5_ " structed so that the dust charged by the charginc unit 32

" '10 is collected by the voltage supplied from the DC high
voltage generator 42. o

In the embodiment, a small sectional damper 34 for

cutting off the flow of gas is provided downstream of the

latter stage coliecting unit 33. The damper 34 is constructed
=-15._.for example:as sh;wh in FIG. 20 and serves to prevent scat-
tering of.dust when dust collected by the collecting unit
33 is shaken down into hoppers 35. 1In other words, in FIG.
20, numeral 51 denotes a movable closing plate for seqguen-
— tially closing‘a pluiality of gas passages 52 formed by
20 | the.plurality of dust collecting electrodes 33a one by one.
The movable closing plate 52 moves perpendicularly to the
'gas flowing direction by a chain 55 wound between sprockets
53 and 54. A drive motor 57 is coupled with the sprocket
53 through a transmission mechanism 56. The movable closing

25 plate 51 moves along guide rails 59 and 60 provided at upper
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: | ower end of partition plates 58 disposed at the rear side of the

il ecting electrodes 33a. Linmit switches 61 which detect the position of

e novabl e closing plate 51 are disposed at the | ower end of the partition
ates 58. 5 In other words, the snall section danper 34 is consbr_‘;gfi_ S
:that the novable closing plate 51 closes thg s passage of the 05

-scattering of dust is prevented. Operation of the_enbodi ment constructed
ove will 10 nowne lewerr epédof partisdpnppdasssyed EhEPPFedsat the rear

ii zat i on phenonengn, i s generat in.the prior art ectrostatic ,
’s'jpitatof when &S] FPFCCPigﬁgFéﬂgeechEEQ erSthh.g%ﬂ?E suitches 6t

: | 8 d i.t ed h || LK I d hs | '
Bendown when a GG AeTsetctas pORERBnc ofcrhioRetpls, CEBsihs Phare 1

or art, the corqya %HE&%@%G”HﬁttR@ iﬁgggeggP?oﬁrﬂﬁé g?rQiQYQHt%%QQ%%GSS.

ghienomenon. I n this case, “since the applie age 1s SO reduc

ormance is ghot gnMyNeedworRst Nenhe0BhEANY sebRibReagnBedi 5BNis &BBstructed
trode structure which sufficiently 20 charges dust by the charging

32 or. the chargge tighh@usovabdeptlodihg paakeabl thosesrthe gas rpaésage
he |latter stage collecting unit 33 low and to formthe high electric

d so that an olsft atHee cdbldettihbeelaveredei 33z &bi ba hhtntoeooeh ©8f the

ded. Accordingly, a previously charging 25 device, for exanple,

ady discl osed igasa fjenesal thetetheure-scarteringpegidost is prevented.

Operation of the embodiment constructed above will
i0 now be described. As described above, the iverse ionization

phenomenor. is generated in the prior art electrostatic

precipitator when the électxic resistance of dust is high.
This is because the dust layer depositeé on the collecting
electrode 21 is isolation brokendown when a certain value

i5 or more corona current flows. In the prior art, the corona
current must be reduced in order to prevent the phenomenon.
In this case, since the applied voltage is also reduced, the
performance is not improved. On the contrary, in the -
embodiment, the electrode structure which sufficiently

20 charges dust by the charging uhit 32 or the charge technique
is appiiea to maintain the corona current in the latter
stage collecting unit 33 low and to form the.high electric
field so that an obstacle due to the inverse ionization
phenomenon is avoided. Accordingly, a previously charging

25 device, for example, already disclosed in a general literature
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e}abplfed to the char gi ng unit ‘32. The char gi ng devi ce cohtaihs, for ’”@
ghpl e, a manner of maintaining cleaner the surface of the el ectrode, 3
ovenent of the el ectrode structure ipgluding an electro |1 ng
fmer of reducing 5 the electric resi-s gﬁce of dust, and gﬁ%@ﬁﬂéigkb
)l ying the charging pulse of a short and sharp waveform By using such a
ner, themﬂ%gﬂer§§b§iéﬂcﬁodﬁﬁé ERAr§EnghanPERSUT -THd Ch1edEd IngidPBice
ressing the inverse ionization phenonenon in the charging unit 32. On

pfher haggeaifie, cobteekample) a mhnfief 068 mathtdidiiey Coldfinds Nghanit 33
vior exanple, a plate or a simlar nenber to the plate. The opposed ;

Farea of Stfectirer mgledsng 18n. ehectrofe g¢o@1mg manneér| off s:temm can g
“formed under a low corona current. In the enbodi nent, when the dust

11 ect&d byhe hel%tréetrﬂgla‘ﬁwcesof Qushakand RVFRINRD FcaBRMPNY 35 by
hitting by a hanmer, only the c Il ecting el ectrode 33a 20 havi ng t he gas

Ssage - cl.okBg ﬁ9a¥ﬂéngn@P15§e9 i 3nSHaFpeRnBsShar AL Qe e using
(e enbodt nEHER #HEERREE"c ﬁﬁ?é%aqﬁyr%ﬁésﬁﬁa%s fPome 2 | ittt by
ot eventpbnt i, Bhole ERbELER e e %“'&%”&%ﬁ%&w%"m&
i in the charging unit 32. On the other hand, the collectinc
\"10 | eiectrode 33a of thé collecﬁing unit 33 uses, for example,

£
E
i
+

H

3

a plate or a similar member to the plate. The opposec elec-
trode 33b uses a uniform section member without a sharp

proje¢tibn or edge such as a rbund wire having a diameter

of 6 mm or a square wire having an area of 8 mm" or more sc

f 15 that a high electric fiél& strength can be formed under

a low corona current.
In the embodiment, when the dust collected by the

collecting unit 33 is shaken down into the hopper 35 by

" - hitting by a hammer , éniy-the collecting electrode 33a
20 having the gés.passage closed by the émall section damper 34
is hiﬁ 8o that the re-scattering of dust can be prevented.
As deéscribed above, aécording to the embodiment, the
dust charged by the chéfging unit 32 is collected by the
formation of the.high electric field of the collecting

25 unit 33. Hence, even if dust has a high resistance, the
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eduction of collection performance due to the inverse ionization can be
M evented. Further, since the collecting electrode 33 having the gas

:ﬁ?ssage closed by the small section danper 34 is hit to shake down the dust

ol | ected by 5 the collecting unit 33, the reduction of the coll c01 61 205
iper- formance due to the re-scattering of dust_#4n be prevented. In the '
3frbodi ment, while description has been made to the two-stage el ectrostatic

eci pitator having the charging unit 32 and the collecting unit 33, one

age of the char gefpcioion % 2llast itk ReTIYMANGe die B3 Hie (Aier &

. stages as shown .in FIG 21 can attain the same effects. Further

- Lne
rostatic prediBitZfiotoRnN RHPID TREDr edeti A et iE b'::e':)ll":"::qzlng
ned with the priaor_art l.l ectin [ - 0 | fJ LAty on
own in FIG 22 -ea.eég:.x;oée %ﬁ?ﬂ%n%g?l\?\%i?%ébeg%% }M(}S(%%été f(}ﬁ,p;ﬁe)% pglnfagif[lor .
cluding a chargifug Unlt §ahod®ifl v ENa1giag disle Hn? (e tadl |Q0iredtdh by
for mainly c &% 1 ng e dust, wherein said charging unit includes a -

schar gi ng- elgect rLqde ' g al ' Sactdn el -
ging elect e ﬁ}%%ﬁ%ﬁ@m, e WidWUERd Q8 on per-

ich is applied t age pul se superinposed on a DC high

ol tage.. 2. A 1 WosS 808 CAESIEOSEIN | e PECat PhriRiProf Midtdioyn deharegienged.
gt for mainly charging dust and a dust collecting unit for mainly '
ol | ecting the dustn wherehbodimentthariyihe descripiclanidsns hitercmadg ip the
ectrode having a substantially uniformcross section and a plate-I|ike or

und dust col | ecttwo-stage electrostatic precipitator having the charging

uni+t 32 and the collecting unit 33, one stage of the charging:
10 uni+ 32 and the collecting unit 323 or three or more stages

as shown in FIG. 21 can attain the same effects. Further,

the electrostatic precipitator according to the_present

invention may be combined with the prior art collecting unit

12 as shown by the modification shown in FIG. 22.
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‘el'ectrode, a hi
P AR

e 5

’e;;-c_ipitﬂi n both tCe ekfgfgsges. g. WhA t wo-stage el ectrostatic
2s 2 un 1 . wherein said 0161205 e |
adi us ot SCUtvat urke. 4. * A a—-rSén'd wire of 3 to 10 nm or grPeQUie_\C/;Irgﬁte" :

aldl M= & A.two-sta | ; o
odami or : : : ge electrostatic preci :
2, wherein said discharging el ectrode Eas aphaﬁgginﬁgfg;glng"

ection of a square wire of di ,
-qgargnﬁj?g’S. A tmo-stageyggggglogtgtPc4p§gc%giPnlor an equival ent

[ 2, Whey e SAlghdli Bl e et HRREOF | [ ngegording to O aimig
B b ro AR Shap @ qurasko HALQF GORIPS) Bos sect |
Uyl shaped - 30 - 0 ! ! s section of a
Mol . £y1ng Aut Y- S6RGR P TRBT GRS %\alg'%-z%q Pl oj S i jeeehoth side
E?r_Z, GR2TL A% sai d di schargi ng el ect r ode asliﬁ ator according to daiml
Jorm otk ; . . S a . . . :
Torm cfag ghgeacor maimyveoitegeiassEhiottar APEGHT, Mool alng's
Trai X Lt argi ng dust _an i : a
minhy ke sosshunchuie AL MR R et Res
CEerackansiasda kSRt B B, (A Letrm s v
Sal d collecting el ectrodes bei: . y uni formcross section,
dl S h . ! . f - g 3 !
di schangitiy selaat S tase pais e sUpRRingidea o AcpDEFHOVGTHRAR 2
2. A two-stage electrostatic precipitator inclucéing &

charging unit for mainly charging dust and a dust collecting
anit for mainly collectinc the dust, wherein saié charginc
. unit includes a discharging electrode having & substantially

unifo:m‘cross section and a plate-like or round dust collect—

ing.électrode, a high voltage pulse superimposed on a DC
'_high voltage being applied between both the electrodes.
3. . A two~-stage éiectrostatic precipitator according to
Ciaim 1l oi 2, wherein said@ discharging electrode has-a
-uniférm cross section of & round wire of 3 to 10 mm or an
éQuivalent_radius_of curvature.

w 4. A two-stage.electrostatic precipitator according to
Claim 1 or 2, wherein'said discharging electrode has a |
‘uniform cross section of a square wife of diagonél width

4 to 10 mm’ or an egquivalent square wire. |

5. A two-stage electrostatic precipitator according to

Claim 1 or 2, wherein said discharging electrode has a

uniform cross section of a round wire having same shaped
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equal |y spaced. position from each apex of the polygon forned by said
col lecting el ectrodesT 8. A two-stage el ectrostatic precipitator _
i ncl udi ng a-char gi el I il y chargi ng dust and a dust collecting ’
unit for mainly coﬂ&“ﬂ&“g“mm‘m , Wherein.said charging unit c&rq)r i‘iss :
dust collecting el as mn she*formof a reddin the direction 61205
substantial |l y perpendicul ar.of gas flow-and having a substantially uniform:
cross section, said -- collecting electrodes being disposed to forma

pol ygon, and a di pebjegtioncbacboetesiisperetealf.a substantially equally
geed position fromeach apex of the polygon formed by said collecting

clecyr odes, a high.vol Aagwopsitsgesepertrpstetiionpaebiphtghowotcagredbag np
apP ed between said discharging - 31 - 0161205 el ectrodes and said

col l'ecting el ectrédasm 3 or %:tWbesEégeséiécﬂié§b§F9én%r%%?%FE%@%rhas a
according to Claim7 or 8, wherein said col]ecting electrodes are disposed
to form a regul ar “PoE9EBNCTogs saCtIprsiBgEnE| £RFP08F aRi CXPFSci pi t at or

( di to Cai 8, wh ' Ld N ' | ectrod | g dt
Form an | soscel 657t 1| AgEHOCBEPRPREAGCERRPFAF P gPEL R BNGTEOT rafc sabss &
st A ol Gt T oSt ot LooDr Bl b rrarera : 8 wherein
said corlecting crbatobnd.SarE SPohafffy ChRfelo ALl dndle b iidiflce-
regular square. lgng @ni%ré&aﬂﬁiﬂwcééﬁ?ﬁééﬂﬁgp£ﬁ€'«%E_é‘E OfhéPeiH U s @

charging unit comprises dust collecting electrodes in the

form of 2 rod in the direction substantially perpéndicular of

gas flow and havinc & substantially uniform cross section,

S
C

said colliecting electrodes being disposed to form a polygon,

and a discharging electrode disposed at a substantially

equally spaced position from each apex of the polygon formed-:{

by said collecting electrodes.

. 8. A two-stage electrostatic precipitator including a

charging unit for mainly charging dust and a dust collécting -
unit for mainly collecting the dust, wherein said charging

unit comprises dust collecting electrodes in the form of a

N rod in the direction substantially perpendicular of gas flow'
ana having a substantially_uniforﬁ_créss section, said
collecting eléctrodeS'being disposed to fofm a polygon, and
a discharging electrode disposed at a substantially egually -:f
spaced position from each apex of the pblygon formed by said -
cdllecting electrodes, a high voltage pulse superimposed on

a DC high voltage being applied'between said discharging
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glng unLL—LGP4%H4#ﬁP€ha%gkn N
n col | ect | g dust and a dust coIIectlng urii t f or

: ng the dust. whe '
ihit are d|s Iﬂ rein-said charging unit and s

. - d coll ect
fconprises a "ﬂ&ﬂu &ﬂ flow, and said el ectrostat ai ing "
uni t for Cutt| ngtof b t er. di-s i ONr@3 05t or

ed
e Jas Fow 3?92_ downstream of said collecting

electrodes and said collecting electrodes.

S. A two—stage electrostatlc precipitator according to

Claim 7 or ‘g, wherein said collecting electrodes are
disposed to form a regular polygon.

10. A two-stage electrostatlc prec1p1tator according to

*4@01a1m 7 or 8, whereln sald collectlng electrodes are

"dlsposed to form an 1sosce1es trlangle contalnlng equllarerell
triangle.
11. A two-stage electrostatlc precipitator-according to
'Claim 7 or 8, whereln sai@ collecting electrodes are'

. disposed to form a Square containing 2 regulax square.
12. A two-stage electrostatic precipitator including &

 charg1ng unit for malnly charging dust and a dust-collecting

anit for mainly collectlng the dust, wherein said charging
unit and sald collecting unit are disposed along a gas flow,
and Said electrostatlc prec1p1tator comprises'a small section
damper disposed downstream of said collecting unit for

cuttlng off the gas flow.
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