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Collection characteristics of wet type cyclone with wall cavity

Jun-Hyeong Kwon

Department of Environmental Engineering Graduate School,

Pukyong National University

Abstract

The cyclone, one of the conventional yair pollution prevention facility, has
lots of advantages such as the simple structure, easy to remove high inlet
concentration and - dealing with the particles in high-temperature gas.
However, the cyclone is largely used for pre-treatment due to the low dust
collection efficiency and it is difficult to eliminate the fine particles.

The cyclone scrubber can handle large-capacity gas and is the excellent
performance in dust collection efficiency and provide gas adsorption and dust
collection in a single unit. But-the cyclone;scrubber has the matter as liquid
entrainment and large power consumption because of lots of pressure drop.
Although this problem can be prevented by installing the demister in the
conventional wet scrubber, the demister should be substituted because it could
be closed by particle-phase pollutant.

Therefore, we need the development of wet type cyclone which has no
demand in demister installation and replacement and can reduce pressure
drop, the volume of waste water treatment and power consumption by using
less liquid and cutting down liquid-gas ratio.

We designed the wet type cyclone with wall cavity to utilize the advantages
to minimize liquid entrainment and re-scattering of particles, introducing the
concept of the ‘black box of multi-layer multi-stage porous plate system’.

The main purpose of this study is to investigate a system which can
provide high collection and long-term efficiency for fine particles without a

demister.

_\/|_



The experiment is carried out to analyze the characteristics of pressure drop
and collection efficiency for present system with the experimental parameters
such as inlet velocity, water quantity, spray type, particle type.

As a result of studies, it was shown that the pressure of the system was 33
mmH,O (dry type), and 35 mmH,O (water spray 200 mL/min) at inlet
velocity 21 m/s. There was little increase of pressure drop according to spray
water, but it was a very small pressure drop compared to the existing
cyclone scrubber (over 100 mmH-O).

The collection efficiencies of fly ash was 96.1% (spray water 100 mL/min),
96.8% (spray water 200 mL/min) at inlet velocity 21 m/s. And the removal
efficiencies of SO, was 62.5% (water spray 100 mL/min), 75% (water spray
200 mL/min) at inlet velocity 6 m/s.

This system has high collection efficiency and it was able to collect dust
and remove gaseous pollutants at the same time without installing a demister

at low pressure drop and liquid-gas ratio.
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1.1. Ato]ZE(Cyclone)d] €3

F2e Y o]&3le] 2HEAHS AASE FAE 45 FAWE
o FAE U4T= FUANA AIFE FAHA7IH A2 rtage #3112 dAHE
do] M3|FE Hlojy Alo]ZF &9 EA U FTE3sto] JXET wehA Al
SE2 7MEHEIT §le Aol 7AIH EAolgta & 4 3l
1.1.1. Ato]ZFE(Cyclone)d A% EA4

— De
F
<& h ] " L
T »
F o ! ® Dust
! \J',f
- D 3 —————— QOuter Vortex
= (2]
|
: o | ey nner Vort
Centrifugal force <=~ s nner Vortex
"] B : Body diameter
. P Hc : Inlet height
: Be - Inlet width
Sc : exit length
o
i Dc : Body diameter
! :
T\ -k Lc : Body length
R

| 4 _\‘| Zc: Cone length

Fig. 1. Cyclone.
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Table. 1. Classification of Cyclone
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2. A A (Wet Scrubber)
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Tabel. 2. Diffusion coefficient according to particle size

Particle size d, (m) Diffusion coefficient D (cm/sec)
0.5 6.4x10" 7
0.1 6.5x10 6
0.01 4.4x10"*
0.001 4.1x10" 2
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flow
Target
object

Fig. 4. Diffusion:
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Table. 3. Classification of scrubber
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Table. 4. Characteristics of scrubber
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Table. 5. Characteristics of scrubber
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Fig. 5. Log - normal distribution.
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Oh52 Ao AAALNS Adslr] ot dge IFEES A&
Aol 7lANA =S dRF(counter current), FH(co—current) E WAFF
(cross—current) o7 BFT g Ak AggdA 1244 23 HRA AL A

2w AA 7)ol T}

Calvert(1977)= 74224 (counter current vertical spray chamber)ol] A
T3 AFLEE AL Y&l ofeie} 22 A4S JNEskSlT).

3QLV, Zn, AdV;t Na
Pt exp|— =exp|—————| - (20)
! P 4QG7°d(V2_VG) P Qg
Pt;: FoAX fJA gt 5= (0~0.1)
Q, : AR w2 [m’/s]
Qg+ A87t= 7% [’/ s
Vo ZA72 %% [em/s]
V, : A7tz £% [em/s]
Ay AE7 W RE Ao GaA [em’]
Z 718 REFGFGe dol [em]
n,; 9 A4 HaE (0~10)
ry o AA e WA [em]
2o A A=
307
A =
d 47}1(‘/;5 VG) (21)
G HHe g5 oS Zo] 4T
I(;? 2
nd (Kp+07) .................................................. (22)
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s
L0 A gk kel AE R [em/s]

21 (24)o] 9w, Ao F77} ZelALER HAANEHL Zr)et. a8y
Stairmand(1964)+= A& o] m7]7F HAAaelRc)t Ztolxtjgts AA o AHead
2 Z71eA S-S 93l nak gk ol#le Fig. 6 EE 2 g/cm® YAE B

|

ol digh JAass 449 37@%; %3 Aoltf. o] Ami= Az=Elo
500~1000 8] AF 7| A EGH ook 3hs HolErh HA A A7+
ARG, divketi, 2770wl A2 AHS Arts FRbr] 548 HEEH
71 Wil Aol ek AARe] AuEE Vo @S Aaya v 77w

2 ade 29l Aol mal AmAo R e ERNAL A7) UEol),

. .

3umy

7 Particle size

1 I | - | Ll Ll 'l Ll L L il i Ao L L b lLl

10 100 1000 10,000
Diameter of water droplet, um

Target efficiency, percent
T TTTTT

Fig. 6. Target efficiency of diameter of water droplet.
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WAF ArEe B A Q0 v ol vk 2 4 gk

3QLZ ny AdV;ﬂ?d
Ptd—eXp[ TGTCI =exp QG .................... (25)

A M/7rzm| e} ShA Apete] FolE HE
5t uj, dpcﬂ ]9 w2 A Z7bely, AEEE 100%9 Hst). Fig, 7S
= Arejel] ZH3 B3 F 7)o et fa st

100 ; , 100
A 1 Um?
q Qg
E ugs = 0.6 m/sec
i
510 E
3 g 10
)
1 N R
0.1 1.0 10 1 L A" 1
Z(m) 0.1 1.0 10
Curve No. 1 2 3 h(m)
Drop dia. um 200 | 500 1,000 Performance cut diameter predictions

for typical cross-current spray
Performance cut diameter predictions
for typical vertical countercurrent spray

Fig. 7. Performance cut diameters predictions for typical vertical

count—current spray and cross—current spray.
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1. AEFA

2 AFAAM ALgE AR FAAS A EWH BTG A], T FHAAA,
water spray, ‘?i cavityE A &3k F2 Alo]EFE EA fFYFES-SEHEA 2
AN ASA o Z o|Fofx glow, FAdFHH ¢

=] =
HEALS ZHZE Anemomenter(model 6162, Kanomax LTD.), Differential
Pressure Transmitter(midi LOGGERGLSOO GRAPHTEC.) & Al&-3te] A3t

Fig. 82 & AXEA 9 HAL AL B3 A =0t

=
Inlet Outlet
[On=]
Mixing Chamber |Gqs Sampling ﬁ r
N

A3 O
F = 1] I.D Fan
Wot type” oyelons =
with wall cavity
5@z
Dust Air Gos Bomb

Fig. 8. Schematic diagram of wet cyclone with wall cavity.
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1.1. ¥ CavityE Z £33 &2 Alo]&&

2220
De
De
(=] —i —
I 2]
iz}
De|
S AP . o
o — g
o
&
Coavity
o 20 20 204
#30
2135

Fig. 9. Schematic diagram of wet cyclone with wall cavity.
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Table 6. Dimension and ratio of wet cyclone with wall cavity

Ratio (/Dc)
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1.1.1. Spray holed $IX

Horizontal spray hole ,_ﬂ rl_‘

Vertical spray hole w

190

_—Horizontal \spray hole

Fig.~10. Position of spray hole.

Fig. 102 ®Y cavityE 283 24 AllEEAAM = #AMT Y 9IXE £d
gk Aottt Horizontal spary hole WM ‘cavitys &3l AMSE 4 3 &4
of XA A st MA 4 QAo HEWHAS WA & 5 A fAs T =
gk AR ol= vortex! finder®] f1F|ekE HolAglow YA AAsto] A
A %O] X kA YA E. Vortex finderete] Yx7F 7H7he A HHF
A3 7o SHo=m Qe A A FE wEd 5 7l wEelth. Vertical

spary hole® A%k A= mtFRA stof wARZol HAA] &7 il vortex
finder® vk W cavityE H&g Wl M2 FgA A skA ko] oA <]
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SEERINEE RS DEICEET
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=
=
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1.1.2. Flow current
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dHg=e] BAS X7 WHE=E FF57] fg +21 FFHA = feeding
screw®t ALFHEAAF(power supply)® o]Fojx Yt} B FFEA 9
hopperd] 3}5-o] ¢ A8t feeding screw? LAz 3] de] 93] hopperd <
of Fzxo] 9= d¥FBOoE FAHAA L, FHEAX FXE AP G
A S 7IE A HFoRE FAAA FHA Ak g el o) Exlo] 7]
F zoz2 Al FaHodn. AY2dGAE AFE5Fe] feeding screwd] 3]
L5 9 AFFVFS AoAlFoEZN FHEH A= FY ¢S 2Eeta, o]
et FdEEE HSAE & AA AFEHAT

g + = Y 357
(Induced Draft Fan)dl 9ls] FAHAXNGT. FY F357v 53 59z
turbo-fano. 2 7|79 % 242 F5 76 AZ2HE AWM EH(nverter)ol &3l A
gs] 2dE AR
1.4. 7}= FYAHA
b2 FAGA AN AR E I SO, EF7IAIQ BEUMAE AEH A S o)
EQ Ql.&IYHE RHAZH ](Portable Flue Gas Analyzer)E W x|3s}o] A AI7F
7t sEE SASI AAR TSk T

1.5. Particle Counter =3 7](GRIMM Aerosol Dust Monitor & Counters)

Particle Counter =% 7|(GRIMM Aerosol Dust Monitor & Counters):s %

AL SAHHS o] 83} indoor, outdooroﬂfﬂ 7] o "Wygys #318s 54
Sk M2, ZZbe] AdAdE e BRo S fﬁ;}i Particle Counter®A] 2]
71% 3 PM10, PM2.5 & =38 & = % JHAA =N 7sS THS

B 7]7]+= 15 Size Channel (0.3, 0.4, 0.5, 0.65, 0.8, 1.0, 1.6, 2.0, 3.0, 4.0,
5.0, 7.5, 10, 15, 20 m)< &3l AAIZF Particle Counter 543t} £ A3
o] 7]7]9] Particle Counter®29] 7|5 o]&3sto] AMES &xlo YAE 2
Bt
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1.6. T8 dA7l~ &A7](Portable Flue Gas Analyzer, E8500)

7V EAo] AlgE Eg A7~ =A7])(Portable Flue Gas Analyzer,

E&500)+= W Thermoelectric Chiller W&, A& =49l A2 Y3, 3E5FH
= 7}/\%41: Zﬁguﬂ IF ZX—]G]—E_O 0s, CO, NO, NOXHEH: éz‘%ﬂ% NO,,
_]

SOy, HsS, CO,, CxHy7F dom E Ao AL&3F SO0 FAHsE HIAE
0~4000 ppmeltt. o] 71715 YES9 9 oA Ao R 7l FEE

=49t

_31_



Z]

—

2. 488

M

Rl

Aol ARggt #31 F fly ashe EIQF A s oA zFH S Flo
steel duste gt 7|4 AFUolA AFHS AO =2 Particle Counter 54
(GRIMM Aerosol Dust Monitor & Counters)E AF&3le] #x9] QAHE &
5 olH k). Particle Counter Z77](GRIMM Aerosol Dust Monitor
Counters)©= 15719 €S o] &sle] BR9 FxrE ATt} fly ashe 7l
715 Had7do] 0.626 mm, FAZIE HAYHo] 2.0 um, steel duste] 7N57]
Hard7dol 0.52 m, FA7IE HrdAol 1.7 mel +31& AREsEI T

~

o M

HN 4

6E+11

SE+11

4E+11

3E+11

Count (particle/m’)

2E¥11

1E+11

0.3 04 0.5 0.65 0.8 1 16 2 3 4 3 75 10 15 20
Diameter{:m)

Fig. 12. Particle number distribution (fly ash).
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mass( g/ m')
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JE+11

Fig. 13. Particle mass distribution (fly ash).
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Fig. 14. Particle number distribution (steel dust).
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3. A

HH cavitys 4838k Alo]E2E29 X 5EAS dolry] f8 dAY 9=
(fly ash, steel dust)®} 7F=4 LA =H(S0)E FHSIY] AAGZES YolR ot
o}, AlolEFE 9 A7]E 65mmXxX30mme|™, HEEALS dry typed wet
type &= FEete] 247t F9dEel e SAsl o, A ed =4 HA
'EE& TS dry typed wet typel®E TSt A FdSel wel 54613l
o wet type & HAFF(100 mL/min, 200 mL/min)¥ & EAFE2](vertical
spray type, horizontal spray type)ol Wz} F&E3sle] =2 35F T}

7t LAEEE SOt E AMEste] S5kl Th SO7H2~ 9] &
27k SA71(E8500)8 Agate]l AAgtozw A6 o™, Table. 72 #
of gl =S 8okt Aol

=

1

e
ol

Table 7. Experimental conditions

Description Condition
Particle fly ash, steel dust
Inlet velocity (m/s) 6, 9, 12, 15, 18, 21
Flow rate (m®/min) 0.7, 1.0, 1.4, 1.8,'2.1, 2.5
Dust inlet concentration-(g/m:) L3
Dust operating hours (min) 4
Gas SO,
Gas inlet concentration (ppm) 8
Gas operating hours (min) 1
Liquid gas ratio 0.041~0.285
Spray type Vertical, Horizontal
Quantity of water spray (mL/min) 100, 200
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F474(D,), 97

=
=

(UZ‘),

il

= (28)

D7k = (kg/mP).

Pa

Aol AHgg AARE (kg/m?).

=
=

ol
H
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juze)
i
W
)
w

oI

A< 6, 9, 12, 15, 18, 21 m/selA 3, 6, 10, 15, 23, 33

e,

(28)o A H

= A
A -

gl o]

i
L4
°
8 & ] & ¢
(O ) doxg anssad

15 18 21

Inlet velodity (mY's)

12

Fig. 16. Pressure drop with inlet velocity (dry type).
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Fig. 172 BW cavityEs AE3 Alo]|Z 29 & BEAF A|2HS JUlste] &

=]
AR 200 mL/min®] Z23NA FAFE Skl wE hEEde] WEkE yEkd
3 1,1

o F9fE 6,9, 12, 15, 18, 21 m/s 4 @ &L 3, 7, 11, 16, 25, 35
mmH:02 A2F T718S & 4 At} Fig. 169] dry type? ¢=&48 vl us)
w gtEEdo] Zrlat). o]t BS BAlgtomm o

RS HAF 1~2 mmH.0A
7

Ao ofa) ghEEAe] F7He Aolh,

Pressure Drop (mmH,0)
8

15} v -
10} R .
v
5} i
v
0 1 1 1 1 1 1
6 9 12 15 18 21
Inlet velocity (m's)

Fig. 17. Pressure drop with inlet velocity

(wet type, water spray 200 mL/min, vertical spray type).
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Cdllection efficiency (%)

Cdllection efficiency (%)

100

70

100

70

Fig

12 15 18
Inlet velodity (m/s)

. 18. Collection efficiency with inlet velocity

(fly ash, inlet concentration 1 g/m?).

21

Fig

12 15 18

Inlet velodity (m/s)

. 19. Collection efficiency with inlet velocity

(fly ash, inlet concentration 3 g/m?®).
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Cdllection efficiency (%)

6 9 12 15 18 21
Inlet velodity (m's)

Fig. 20. Collection efficiency with inlet"velocity

(fly ash, inlet concentration 5 g/m?).
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B
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i
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Inlet velodity (mYs)

12

Fig. 21. Collection efficiency

with inlet velocity and concentration (fly ash).
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2.1.3.

A F7d e JEaE 54

M

Fig. 22% #3&FAdA W& JHAas&s vehd Aot F4#% 6, 9, 12,
15, 18, 21 m/sollA fly ash® 54.1, 67.2, 78.7, 83.8, 88.2, 90.4%, steel
dust:= 83.5, 88.2, 92.0, 95.7, 97.5, 97.9%% 7.5~29.4%° &E&x}o]= 1Sl
t} o)== AgFor Wt & steel dust’} fly ashitl o & Q480 zg
stod 1 g&o] SUHs AR ddHT.

110

Cdllection efficiency (%)
8

70 -
&) -
a) 1 1 1 1 1 1
6 9 12 15 18 21
Inlet velocity (m/s)

Fig. 22. Collection efficiency with inlet velocity and particle

type (inlet concentration 3 g/m?).
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Fig. 23, 24% Zt7z} E8AFF 100 mL/min, 200 mL/min® o #4H%
of W& HFEaE 54& vEkd Bolth E®AME 100 mL/min, FYF59] 6,
9, 12, 15, 18, 21 m/s¥ AR ZE&S 679, 79.1, 84.9, 90.3, 93.4, 96.1%
ola EEAIE 200 mL/min¥d wl FAXFELS 72.0, 83.2, 88.9, 92.4, 95.1,
96.8%% dry type¥ WFH7HAIE wet type H3 FdFEFol S7FEl web

Aagol S7Hs &4 + 3

100

Cdllection efficiency (%)

70

65 1 1 1 1 1 1
6 9 12 15 18 21

Inlet velodity (m/s)

Fig. 23. Collection efficiency with inlet velocity
(fly ash, inlet concentration 3 g/m?®, water spray 100 mlL/min,

vertical spray type).
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100

Cdllection efficiency (%)
&

75

70
6 9 12 15 18 21

Inlet velodity (m/s)

Fig. 24. Collection efficiency inlet velocity
(fly ash, inlet concentration 3 g/m°, water spray 200 mlL/min,

vertical spray type).
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Fig. 256+ dry type¥t E®AMEF W3l W& g8 vluste] YeRd Aol
dry typed EFAFE 100 mL/min® 2% FdFsol wel 5.2~13.8%2 HA
a8 AolE Holy EEAE 100 mL/min? 200 mL/min® A% 3.0~4.1%
o] &Y Aol® FEALFO] TRl wet HRlE o] SIS Btk o]+
e TANTCEN B FARHol Frlstal & EAFFo] FUFgel wek 3

° 7t o] 2 AR Aol STkt olel st oAt
N 7do] A& Exlel| Hla F7tstr] <ol v

—

EFO“

100
%_
o~
)
S
%
% 70-
&L —@— drytype
O+ swater spray 100mL/min
=v— water spray 200mL/min
a) 1 1 1 1 1 1

6 9 12 15 18 21
Inlet velocity (m/s)

Fig. 25. Collection efficiency with inlet velocity

(fly ash, inlet concentration 3 g/m?®, vertical spray type).
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2.22. = AP ©E HAlag 54

Fig. 262 dry type@} & A 200 mL/min, 9% 6, 9, 12, 15, 18,
21 m/selA FAPEA 9] Zfole] mE HJras&s YEd otk 282 7 /&
ol A horizontal spray type< 68,0, 79.5, 85.6, 89.0, 92.0, 93.8%, vertical
spray type< 72.0, 83.2, 88.9, 92.4, 95.1, 96.8%= vertical spray type<
AL 3~4% =& &L e horizontal spray typed A% dry type<
AR E 58 §83 Ye A9 vertical spray typeX® T @& @88 E}
W=t o]l M3 {9 9= vertical spray typel.t} &&0o] YHolxE HAo=w

100

Cdllection efficiency (%)

8

Inlet velocity (m/s)

Fig. 26. Collection efficiency with inlet velocity and spray
type (fly ash, inlet concentration 3g/m?®, water spray 200

mL/min).
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Fig. 272 steel dust®] dry typed} wet type(& #A% 100 mL/min)e &
8 B3k Aolth FYFS5 6, 9, 12, 15, 18, 21 m/solA dry type 83.5,
88.2, 92.0, 95.7, 97.5, 97.9%, wet type°lA+= 85.0, 91.8, 95.5, 97.0, 97.9,
98.4%% TEE 04~1.5%¢ =&ztelE YEURH. fly ashé dry typed}
wet type(¥F +AFF 100 mL/min)e] @&*}o]7} 5.2~13.8%%W A wkal 1
z}ol7F A2 & 4= Ed o] steel dustd] WEVF A YAH] JErH S @
o] Wo} dry typedA ¥ &&S Holal Q7] wiwdd A ogk F71A <l
AR a7 o= AA vehdrt

8

sl
%l

S

2 wf

‘O

T oor

i -

g ®r
sl
SO b ] O water spray 100mL/min |-
0 . . . . . .

6 9 12 15 18 21
Inlet velocity (m/s)

Fig. 27. Collection efficiency with inlet velocity and quantity
of water spray (steel dust, inlet concentration 3 g/m?®, vertical

spray type).
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3. 7t LEEZY AARE 54

3.1. Y& W& SO AARE 54

1%
K-
=
it

Fig 28, 205 fdfidel ) SO, AAEE E4S v
22} 100 mL/min, ¥ 6, 9, 12 m/sm W AAEZES 625, 250,
12.5%, ®A}% 200 mL/min® w AAZEE 75.0, 62.5, 50%= FUHEol
7ol wel SOl AE o] Faths & =
= AFAIZEo] FrAste] Tpael A o] HF Ao %0%27] w1 o] T},

40} :
; | I'.Il"x
N

L

7}

= RS DR

SO, renoval efficency (%)

1
)
(0] 4
&
§
.-
i
-'..

9 12
Inlet velodity (nYs)

Fig. 28. SOs; removal efficiency with inlet velocity (water

spray 100 mL/min, vertical spray type, operating time lmin).
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3.2. = BANF W& SO, AARE 54

Fig. 302> &%AFE 100 mL/min¥d # 9} =&AFF 200 mL/mingd wjo] Bl
Z Yehd Aotk F4 6, 9, 12m/solA AATEL] A7} 12.5~32.5%2 & &
AbeFol Z7hghell whel SOAlA &g S7HES B § Utk ol B AN
7Vl whel AH ) shae] HEWA F7EE Aste] AAAE] FUtEh] W
ol

Hl \water spray 100mL/min
1 water spray 200mL/min

SO, removal efficiency (%)
5

20 /
L I
0 Il 1 e Il

6 9 12
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Fig. 30. SO, removal efficiency with inlet velocity and
quantity of water spray (vertical spray type, operating time

1min).
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w ATl MW cavitys AE3 Aol S8l F4 S FadoEn s 9F
HEA T bR R FEE7E AA B3 AR g JREES S
71 1% datE stk ol wEl ed=de AA 5E 54 A8
Al Ee] TR, wAAE, A F49 v, & ZARF Abel, = EARY
2o zpe], FlwEe] o] Fol whE dHEEdd JHas 545 A,
7bd LAEAER] SO FYFE, B EANES] Aold whel AAEES AY
stlom, dAdtel we 282 v 2o
L sl drE S7rel wek F7hshH. wet type, =@AFE 200

o rlo

H =

< 21 m/soll A HH 35 mmH.02 71£9 AAZZA7] 5 9
2] 2387 dEE&ao] 300 mmH00] <l Aol vls] B cavityE A
83 G4 AlojJE 22 dE A s U o@m N FHEE AAste S Ad

.

mL/min, %

2. dry typed AP IEEL FYFE 6~21 m/solA FUFEE 1 g/m’Y
5

H
49.3~88.9%, 3 g/m*’Y wW'54.1~90.4%, 5 g/m’Y Wl 56.6~93.4%%
3

odo o &

&3 FUEEN S/ W SARAY. ot FURAel TR
Yol Frsa KISk S mel Feglarsl A4l Holt
o] Frhae.

3. dry type, +¥4#% 6~21 m/s, FYEE 3 g/molA Bxe FFol uw
fly ash™ 54.1~90.4%, steel dust™ 85.0~98.4%°] &&= steel dust= 4
As oles A5 o =2 288 YEH o] steel dust®] ®X&7)F 3.5
g/cm’Z fly ash (2 g/em®)Bt} A dA=o] A 2&317] wiolr},

6~21 m/s, §Y=5% 3 g/m’IA] dry typed wet typed X &

9% &8 ApolE KA o] &85 TARSte] HWS AH4AomN &

Fsta w3 Mo FE 857 sl YRAsel F
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5.

7}/\ (SOy) Xﬂﬂﬁ‘%ﬁ FUFEFl SESFE 2 a80] =4 YEseH, f
AFE 6 m/s, =EAFF 200 mL/minlA 75% = 71 & AAEZES UE
LH%}\E]'. o] &= 'E‘;ﬂol AAl ol Eol 4}*0}‘4 A gy 7}/\5 T8 =44
g wAYFo] FhlolnE FdFEHe FHahe S0:9 AFAIME S7HA17]14L
SO9t HAe] HEAIZMS v E&3E YERY webA 5024 AAZEO]
Edeiass

7F22(S0y) AARELS & BAFSFO| 57 <7kttt -9+ 5 6 m/s9l

(o3

baE 2

A 2 ®AgF 100 mL/mingl A$ 62.5%, & ®A}gF 200 mL/mingl 7 $-
T5%% B WALl Frletd AAZEol 12.5% T71EH ol B HANE
o) F7Hgl Wk S0p5t Kol AFAA] TR Qdtel AARE] T
skA "t

E A 200 mb/min, FYF5 6~21 m/s,-FYEE 3 g/molA
vertical spray type? @& 72.0~96.8%, horizontal Spray type?d] a8
68.0~93.8% % vertical spray typedl X 8~4% U HE &S HT o=
horizontal spray type<] ‘A% A3 Fo| = § &0 @Aste Aoz dAdt
r}.

B oAl2"e 5 BARE 200 mL/minol A =<4 35 mmH.00]38F, 472~
H]E 0.081~0.285 L/m’2 71E9] AARNZA 9 vluste] we ghejsdy
MN7F~ul 2 Ho 96.8%S) &&S5 YEda gon Mo wmES HAise
A E=t =3

4=
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