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ABSTRACT : The demand for high-efficiency dust collectors is rapidly increasing to remove PM from
exhaust gas emission facilities, such as thermal power plants, steel mills, and industrial cogeneration
plants, as the Pmemission standards have been strengthened. In this study, the electrospray is adapted for
existing electrosratic precipitator(EP) to remedy its shortcomings and to improve the performance.
Electrospray has been mainly used for the purpose of generating very fine droplets, but fir the purpose of
EP, the flow rate over 10 mL/min per nozzleis required, and a high flow rate condition of 65 to 200 times
is required. The electrospray of high flow rate has a completely different spray shape from the low flow
rate condition, and was visualized through various figures such as corona discharge photographs and
shadow images.

22 vAER) W 518 7o) ZsiEo] et s, AAA, 498 DUT BAL 5 kA W A8 1
AR AAS 98] 188 WAGA 07 3555 ek £ AFIAE 712 A7 HA710] HHER 7142 m st
o] B BUST A2 FRAIIE A7 A9 Folth FAREL g viE AR P BHoE 22 4
2HojgAle UL BHo2 B v 1 $¥o] 10mL/min® 65 ~ 20090 Boke 79 Z7lo] Wasich 1
$9) ARERLE ARG PSP T BT Gagol Usihe] mEh e A 29, 194 B9 5 Ot
292 Eoto] o2 JHAgteeT,

Key words : Electrospray;ESP (§HEY), Electrostatic precipitator;EP (7] H &), Paticulate Matter;PM (7]A]
H7]), Corona discharge (&} 2H4)

1 Corresponding Author, minsungk@cau.ac.kr

50 omEHESs



w7k W mAEA] AAE A 24 AA 710l digt A+

1.ME 1.2 §HER HA 7=
1.1 G YA A2 HElectrospray) A HAE =& ol &
HEWHA JAAE A7HAA AA 49 o250 At

U A A (particulate matter, PM)9} 204 WA= A Ao oJof HA| EHOZ o]Fo}A ofal, o] ff EHAH
& 34 THA HiEEo] g7] LA For|E Yool  Hu & FEuhdEo] WA¥cls X9 AYE 7AW
et ﬂi—“‘loﬂ oJ5f njAgt A 02 BAfEE A4S 9ulsit.
Aol AZ4E A FU=] 557 A fdst EHAEO] 0.072N/mZE FJHEF Bopoji] &2
1, A& 4% Aol 5 4 st S vt &Ol—’e EHAE 0.021~0.023N/m ¥ ofjehZ, wEt
By olof wet e HIHEPA), FEHATED) £ 3 22 LA 89 Eop 2 Holth mHAElo] Y
o opy &t TEMEH A% AEol 2.5umET A2 AHog BRA7|] Ao o Z Hdo] DR}, A7F A
PM2.59] tislf o 7] & 1E AAJSEL k. di7] 3 o] 3719 A2 ARA] Y ool HE 371E B
71%& 2401 Ho}oq %Zﬂa lof tigt Wi &ol& 7I1E%  sto] A7)V S2E WA d4do] B i) B2 4
AoE Q. A AotEe 78S £ Aol 712 . AER §90F F ARSSHA] okoptt JEu XWV‘X o
A A B8 T A T2 I A FA A9 :’Fn‘% WAL 20 g7t Hu, A = HH2
7ol “136}3} o =2 5P 7121 Qo] 0.1um Y7 °]8ke] WA
A F2 ARG Qe 15 AR AR o= o7y ﬂ%}oPﬂ o] ZAgfoto] JAT 4= Sirt.
7], 7137171, stelBe|= 17| Fo] 9loH, o]
1%‘:11171‘“ TEFAME H2 G 2 A
S 7H AAJolt}. (Jaworeket al., 2007) Bi7FA0] &

Elol’ 11'01’ O{N

A
A
= 13
Hel
3

UAEAE AASH] Al SR ioA s F2 A7) AART F4 717 7114719 FEel 4
A "4 (electrostatic precipitator)& ]85kl Qltt. 5 AAE 2P FHolt. Figure 12 BAER 54
A7) A A2 wptArE qidd o Aoz BT I AV[HAY] B AelEE BH Q] ARV bRt B4

BA71H B0l Qs HAZF FRge] F2EE dEE ok 4 A71HA79 2ol FRlE HAE AAH | el
PM50[oF 24 H& 95%= S-oltt. 2 WAE AA  ES AR Ao] ol B84 FEt A714 Qge
ot Ao el A4y HA0R EREch A4 A7) 2 F It o] FYZ o|-goto] HER ofF
9] 749 JA30) FHH WA AP B 2, 2 A Boll T &£3A] P2 w27
WA 9] A7|8| A wet fuji, AFZ2 U (back  oF AT Eo] oA HA A/HA tEA w2
corona), 253 Ao T2 A Fo] WA¥ste] AXa  FAFTEE FAT F ot AYE AolF7|¢ ohd 2o
£o] oA EAA o] Ao H2d WAE & WA EFEo] WAt AF HAo] AAERE YA AR
Z A& OE Aol 54 A7) AR FA9] o] & ol B AMEHE A0 €9 & Yot AA e HiztAE
us) o] ZojAgttt AuAt EAIE sfAste] A &2 AFHOE FEHA|e AW AL A7|H|(7kA
%WEM F&=o] Qe WAE Aoly7] flof thF & m3E Aok © 2as A9 & L/ m3)7t BAAHL
S ARESiT) Bk oyt AR Y] B2 QT E 2 8 HxQld) whef A 25 A WAl d7u|7 2=
o] X2 IAof F71H4<l Hj-o] At 2 o AL go £ ARSI o] o] 8ot JUEE
ol AujAt EAI9 B A Boll tidt BAIE SiE  Bvh ol B AR HY Qs TAY UGS EY S 9
of7] o AAER 71eS A7) =Yt 2eF T
g9 JA71E et A7t AZET Ak (Kimet & A7ofAEs AL 3t AAET] G2F E Ao A
al., 2014) AdE Boto] 5 £ toto] AtotarAt gt

THE PLANT JOURNAL Vol.18 No.1 March 2022 51



2,22
AT 22 AREAY]Y ol QA 32 w3

go]| o]-&x|o] nAYAE 5ol S E{E0 &
ot 2717F AT AdAE d42 S e A 2E
(Cone-jet mode)7} 77 o] o)1 A HEE &5
AE AHo] 7HA= AR AA F719] A 4o
calvo(1999)50ll oJal] 2 H-= o] gt ek ZA!
LEE #YGoto] Fig. 200 e it

Ty A% 9% AAET= 4% 2719 v H4
Hoh= WA YAEY 2717F & dHo] EE= o] F
goitt o =20 oigt f32 Hd 20mL/minCE ¥
"0l AR FEF] 65~2008] 0 Eok= 15 24
olt}, o] wf FfFolgh= A2 FHEFO] YHHH R A}
&ol= 5l B8] 2RFole Aol &4 A7|HA
7|\ 23290 H|g)A = of¢- A2 ol

Control volume
Exhaust Gas

-
f

Fig. 1 Cyclone ESP precipitator scheme
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Fig. 2 Cone-jet mode of electrostatic spray under
low flow rate (Ethanol, 0.03mL/min, -8.6kV)
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Table 1 Scale comparison of experimental conditions

Flow rate uL/h ~ 0.3 mL/min ~20 mL/min
Voltage ~10kV ~ (= 50) kV
Needle diameter ~0.1 mmi.d. 0.67 mm i.d.
~0.5mmo.d. 1.07 mm o.d.
Electrodes distance 4 ~50 mm 50 mm

DC power suppl! .
[0p~—50 kv, g,‘; Y Syringe pump

(0~20 ml/min, Q)

- +
(ON ) S

Resistor &=
(10ka) =

Capillary support
(PTFE)

oo
=
[eXe)e]

Oscilloscope

Spray needle
(Stainless steel:
Inner Diameter, D;)

— Insulation
glass tub

n Electrospray
Ground plate

(Stainless steel,
diameter: 12.5 cm)

Fig. 3 Electrospray experimental apparatus in this study

Fig. 4 Electrospray forms under high flow rates of water
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Fig. 5 Shadow image of Fig.4 using strobe light.

Fig. 6 Corona discharge image of electrospray under low
flow rate (water, 0.03mL/min, — 8.5kV)
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Fig. 7 Corona discharge image of dry needle (a) and
electrospray (b ~ d); (water, 10mL/min)
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