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Mechanical Adaptive Variable Throat Venturi Scrubber
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Abstract: This design developed a mechanical variable throat venturi scrubber for better pollutant removal in
small and medium plants. Unlike fixed or electronic types, it uses a Flap-Link-Sleeve mechanism to directly
sense flow changes and adjust throttle and cleaning liquid flow to maintain a target flow rate of 75 and a
proper L/G ratio. Fluid analysis and prototype tests confirmed its effectiveness. Operating costs are lowered
by cutting power use and cleaning liquid waste. It offers an economical, sustainable solution for stricter
environmental regulations.

1. M &

o Ak ROl A E 71 A AZdeAal k. Fig. 19] I 7S Al " (KOSIS)el
mE ) 20229 Sl 7] dEE viEoA A FEo] AR BT o]4kE3H(S0,) 93.6%, ©]it
SFEF2(CO,) 39%, ZWAIHA(PM2.5) 19.1%0 gatch. V) o] 2] @golA] wZEHE §all7t~ 2 9
AEHo] t7] A ofsle] A PAAS HoIFET FAR It vAHA HARAE &Y Rl
w2, AT, dqUAabYd dAa, AR 94 5 AGA wiEde] A dr|LEEF wiEe A3
BES 2Rsta Qvl. o]zl viEL tizjd o 3t¥nt olygt 57 - Ad At 5 v AFol =
AZbe ke v o), uebd A 719 EE viE AS wk=A] A oF & %?‘_fr 3} A o]t}

FCorresponding Author, songkil kim@pusan.ac.kr
© 2025 The Korean Society of Mechanical Engineers




sszeiseddr NI <

7187 AL 537
201509 |—- 507.8 W12893

B AH 2] - 426.8 iC

PREET | |l [ P W

’ 8B ol ] ] EZE o
gj %9 200.1 . ;\c:o
= Az9 421 I 1952 . nes
izag a1 [V 1646 sOx

e axt | _

57122 3) | ss2 . voc

Ner negd, []26.2
Auiz44 R A% 226
0 200 400 600 800
e

Fig 1. Major classification of sources of air pollutants
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Table 1. Classification of workplaces according to the amount of air pollutants generated
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Table 2. The status of air pollution emissions in 2023 years

1% 2% 3F 4% 5%
A Aad Aad A Ad
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Table 3. Existing research and patent analysis
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Fig 5. Mechanism under high gas flow
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Fig 7. Power transmission mechanism
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Fig 12.
Progressive Coil
Fig 11. Restoring spring located between Innerring and Lowerout Spring
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2.5 2% 7kl dig A=

WS 238 oA 7k o] WE u Flapo] 553 =2 dula @34 ERlsh| :
SFTE. NIST(P]=r I HRET7|=AT4) dloJgulo]~E &85t Fall7t~e] T/ 2 BEAAXE AAs%om
] ~38we] 4L vlar 3 73 H3EH(EPA)Q] 7]& HIAES
Ansys Fluent 3D 3]41& FdYslo], 25 7FsAlS o533,

2.5.1 243
D 714 7 2 844

717 Fie EFIAlIH, NIST(W = S HEF=7edT4) tﬂOlEiHﬂ o]z 7IAl A= &3t
7] 2AAMe £ 7)H EAS AAEA 5] ~3 ° %
S, Fa A e BEe 7o) BAAE ALt £ z}w -

EAE EE3AH.

Table 4014 7}~ A& F&Fo] B o 2%+ Fi1, 442 di7Idd 1.078v 2k 7Hg ki, 7k~
A faFo] A8 o 2x=9F ¢S AnkA el thr)e] A Zrtn Fu, BEst HAAFE AEEA
U}, 3% Table 5011*1 b AR fEe] Y W] 24AE A4S wWet Be we dugioew HdAs
ATh.

Table 4. Density and viscous coefficients for each element
NA 5 H,0 (g) HCl N, 0, Co, A A
=g (%] 2.8 0.2 71 8 18 1
AF o] AL
e 5= 100C 20°C _
7% o4E latm -
1

[ ] 0.59761 1.52 1.1648 1.3312 1.8393 1.28435

kg/m
J 2] A| 2=
[Z‘:'PZ’?];H 1.22X107°% | 1.43<107°% | 1.75X107° | 2.02x107* | 1.47<107° | 1.73Xx107°

A% 43 8L o

=

7= 2= 180°C _
A= 1.078atm

o —
[k;/; 0.525568 0.83545 0.811831 0.927575 1.277322 0.89691
A A -5 -5 -5 -5 -5 -5
[‘}3;. o] 1.54 %10 2.10< 10 2.43x10 2.84%< 10 2.29%< 10 2.41%<10
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Formula 2. Coefficient of
viscosity calculatrion

n
-y =N
Pmiz = Tip; Homiz = n
i i=1
ij¢ij
j=1

Formula 1. Density calculation

.

Formula 1= =% 71419 ¥ (p,,;,)E AAets= Ao]il, Formula 2= &3 71A9] AAAT (g, )&
ARtsks Aot z= W8, oo UE, po JAAAST, ¢, 9 5 Alole] A2AE AFE orE
g =

|
T}, Formula 17} Formula 29 Table 42] #tS ¥o] Axbslar, 1 A3b= Table 5olA &21st 4= 9l

Table 5. Characteristics by Mixed Gas Conditions

714 =4 7]+ (20C ) s o 7] $++1.08(200°C )
D% [kg/m’] 1.28 1.09 0.90
AAAAT [Pa « s] 1.73x107° 2.06x107° 2.41x107°

2) AN A 7k= 77 VG

LG #< a7k w2l el ol& Aslels o Zad AN 3oz, a&4Q Ao A
E 93 2as gtolth. Table 494 fral7b=e] S HW Oifd F37], AL, AR o]FolA
Rz wEHoE & FAZ HA Fen. 28y HC 54 ouw ofF-2 wEH7] de Al
A= ofop g}, A7 IS W= HCle A3HA717] A8 A714de W= Ca(OH): 84S AAdeR
73kl th. F7F2 Ca(OH). ¢ Eol ek &3k 20T 7|+ 2% 1.73g/L°]H, ©] o+ & A &2
A7 A ER feEs 1.73g/L2 Al B A F3 tFAE 162 Fol 7haek A

Zahe Aol vEg

AN

HCl 183 A% = 258§ X 2AF = 0.2mol% X 36.46g/mol = 0.073¢g

HCl 1kg3 AF = 159 A X A5 = 0.073¢g<32.31 = 2.356¢g
(B Al &5 714 10009914 242Ee] ZIA7F AHAl e = 5 8 5, ol & dAFE feld.)

HC E371A[g]3 H83 Ca(OH), AMAFY FAF([g4]
= (HCl £37IA 1kgd E%F X 0.5 X Ca(OH), AIAN EAF + HCl }71A A=) X 1.5
= (2.356%0.5%74.09+36.46) x1.5 = 3.590¢

498 FE9 7y
= HCl 37149 83k Ca(OH), EF + Ca(OH), ¢ &l digk &3]%=(20T 7]5)
= 3.590¢g +1.73¢g/L = 2.08L

Z1A B AA HE (LG) = 28 589§ - 7hs 5y

Q
(b= ¥ BF 1A AE ghel Tl 5ol

= (& 92 7)1&) 2.67L/m°, (AW 2% 7|&) 1.86L/m°
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AEA FEE 9 LG e WA Aol A
L/m*, 2549 W 0.5 ~ 1.5 L/m*e) LIG #& {78,
ARSI ol AL A AR e vAuA 43
L/m*2 ARSI, Sal7ta AsE 93 B4 LG e F
1.862/mPolth. Fal7ks Aske 9@ 44 LG gtel o 7] WEel, LG % WAE A2 UE 7]
F 2.670/m’, Ad WE 71F 1.86L/m’ 2 = Zlo] Bhaiet.

E
ek
H
N
N
Do
o™
J
&~
~
SC»./
Y

3) AN BAX
20C 7]# 2 & Ca(OH), o Eo] ulst %;HE% 1.73g/L% =l H]3 Ca(OH), 7} EA Aol m A=
G2 v vulsity, wElA AN EAX = ANEHQl o] EAXE HastSit).

.

Table 6. Properties of cleaning fluids

FH [mN/m ]

=]
=)
o

U= [kg/L] A= [mPa « s
Ca(OH), + H,0 1.001 1 72

3) WFy 2389 37)
Aol A TP ARE wlFe] 242 Alolz2e, wlw SRS (EPA)S Ve HAANE Farske]

R

Table 73} 7Fo] AASATE. ®) Table 78 7|uko.2 HAF WFe] ~32WE =451810] Fig 149 YeERIT

Table 7. Venturi scrubber size

) A== Sol= | 23 Fo= e P
| = HE"? T u]_)\ 710
A2 271 X m] 2ol [m] 26| [m] QE(m] | & dellm]

medium 0.127 0.203 0.051 0.054 0.435
e '51.00W LI
127.00 COnVergence area throat 54.00 diVergence area 127.00

|
435.00 |

I 203.00

Fig 14. Venturi scrubber floor plan [mm/]

4) A AR AF °‘j’ok
AR AN A s oty fsid WA HFe 2w Wel Tk A GRS WA Eof
@b, 7bs WEE Table 591A, 23 WA 22E gudon 44 oh, Table 7941 gk
Atk Wy 23 f Hx F5S oF 20m/s2 v HPAnE, 22E Y o] 4H F
A= oF 60-90m/sol7], At & ARohT Folsh A WA ARG e sbx 2B
2 142 20m/s% F3L Formula 39| 43} small mass flow rate at= T3+ H, °o]& 7]

A v EH F7HAA medium flow rate9} large flow rate k= A 3T}
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Formula 3. Gas mass flow rate calculation
e A% § = ks AR X 2Z BHA X §A FE
Formula 3914 4 7}~ A G5 @3 2) AABA of 7k~ 45 H]7 oA % L/G %k, Table 6

o] AN A% Table 59 &3 7}~ UE S Formula 40 e, AAE A3el A4 Algn Az
& 2 Table 8ol e 4= )

Formula 4. Liquid mass flow rate calculation

49 AR AF FF = 7k A K X UG x AR AE = EF/A A=
Table 8. Variable throat venturi scrubber pressure drop calculation
small mass flow rate medium mass flow rate large mass flow rate
b A T [kg/s] 0.06 0.105 0.15
2 & ZJ ol A2k Ok
AR AT 7.01x107 1.45%10"" 2.51x10"!
[kg/s]
5) W7 239y 7] =1 44
B A7e) BEE P £8S FA050] 9, 22E dWAS WehlE Jolu 2E P 58w ol

[>
i)
ot
Ho
ot
3
=
<
~_
VA
o
X,
2
2

fA]8H7] %’—]715} AZEHR Flap ZYg FSfjoF $hth. Table 84 €& 7}
A

Formula 5. Calculation of dust collection efficiency

m

7=1—exp(—Kx ;) (K = 1;contact constant )
g

Flap 25 AFel7] 984, WA Formula 65 F3] 22ER 7PH A ES Aol 3ty ARE
U 53X £38e 75,/so)lH, 7~ A -rr‘j/k(m [kg/s1) Table 8°4, 7}~ UIX=i= Table 5o4 Z&
T Ut Formula 65 &3l 7% AEER 7PH A 52 Table 9914 &1 & vk, 22ER 14 A
B Table 7141 0.054mS) AL % F 81, Fap Aol RREWel /o WA 0.002m2 445
th. o] < Formula 70| tifiste] &3 Azl a88S FAst7] g Flap A= A= + oH,
Z 3= Table 9°ﬂ e QLT

Formula 6. Calculation of throat variable diameter

N

A0S
JB| i

]_

(ARE &

2k o gk
E = — [e] [e]
A ]-tﬂ ]_— / -

)x 7t~ EE



Formula 7. Calculation of Flap degree

MRER DA - ALER A A S
2 X Flap 7 ]

Flap 2t = = acos( )

Table 9. Variable venturi scrubber initial condition setting

=7 24 small mass flow rate | medium mass flow rate | large mass flow rate
»2E =% Hag [%] 87.5 87.5 87.5
2RE 7P A F[m] 0.0281 0.0404 0.0532
Flap Z+%=[" ] 75.32 82.35 89.59

2.5.2 W% 238¥W Y Flap % 35 did FA804

A AbERE Flape] Zheeb 7k~ 75, HIE 8l Flap kH o] o8 2E 73k, Flapel 2zt
5= & 73817 918Fe] Ansys Fluent 348 %133}

Flap Zt%=of whe} o @Ay 5 Wsrr 34 yehd
pzER N BRo o7 @arol Wwah ;
Transition k-ki-omega (3eq):, 37}]4 WA (E
o Mol HPL A=T Y], WR
A2 7k gl Ae o, %‘7&%1 o,
aEH ) e SE RES e

omega, %°]

J ¥
W BN S

Table 10. Fluid analysis at small mass flow rate

7Y H®F | 0.06kg/s dT- &3 | 3.688m/s
=il L= 1.28kg/m’ HAAT | 1.75%10 °Pa + s
W52 | Transition k-ki-omega (3eq) Flap 2% | 75.33°
Static Pressure
[Pa]
5.45e+03
4 B4e+03
4.23e+03
3.62e+03
A oLH 5T 301e+03
240e+03
1.79e+03
1.18e+03
5.67e+02
-437e+01
-654e+02
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1 ofN
o>
&
(K

4

1.00e+02

8.00e+014 /

6.00e+011 /

4.00e+01 /
2.00e+0" /

Velocity Magnitude [m/s]

0.00e+004— r T
0

0.3 0.4 0.5 0.6 0.7
Position [m]

K

Ip
ki
M

Velocity Magnitude
()

1.03e+02
9.27e+01
&.24e+01
7.21e+01
61Be+01
5.15e+01
4.12e+01
3.09e+01
206e+01
1.03e+01
0.00e+00

Table 11. Fluid analysis at medium mass flow rate

B
A

2 | 0.105kg/s

AT &= | 7.6m/s

1.09kg/m®

2 | Transition k-ki-omega (3eq)

A A4 2.07¢—05Pa « s
s

82.35°

-1.43e+03
-1.93e+03
-243e+03
-203e+03
-3 43e+03
-3.93e+03
-4 43e+03
-4 93e+03

1 ofN
o>
&
(K

4

9.00e+014
8.00e+0™H
7.00e+014
6.00e+014
5.00e+0
4.00e+01
3.00e+01
2.00e+01 -
1.00e+0M{

Velocity Magnitude [m/s]

0.00e+00 T T
0

0.3 0.4 0.5 0.6 0.7
Position [m]
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Ay
i
el

Velocity Magnitude
[mis]

8.54e+01
7.68e+01
6.83e+01
5.98e+01
5.12e+01
4.27e+01
3.41e+01
2.56e+01
1.71e+01
8.54e+00
0.00e+00

Table 12. Fluid analysis at large mass flow rate

~
[>

0.15kg/s AT &= | 13.2m/s

off

BN
o

0.90kg/m* AAAT | 2.41x10 °Pa « s

g | Transition k-ki-omega (3eq) Flap Zt%= | 89.59°

ko | Kt | o

g | a2

s

B

Static Pressure
[Pa]

281e+03
246e+03
210e+03
1.75e+03
1.40e+03
1.05e+03
6.94e+02

342e+02
-1.04e+01
-3.63e+02

-7.15e+02

H1 ofy
>
&

4
[kl

9.00e+0%; A'}:}E
8.00e+01] STUDENT

7.00e+01
6.00e+01
5.00e+0™]
4.00e+011
3.00e+01
2.00e+0H

1.00e+01 T T T T
0 01 0.2 0.3 0.4 0.5 0.6 0.7

Position [m]

Velocity Magnitude [m/s]

Ay
i
el

Velocity Magnitude
[mis]

8.75e+01
7.87e+01
7.00e+01
6.12e+01
525e+01
437e+01
3.50e+01

262e+01
1.75e+01
8.75e+00

0.00e+00
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2.5.3 58 A4t

AN AN D AAghE o] &3k, 7k~ FF WS WE F
AXFSETE. Flape] SHH-E-3F RAFE9] b= Apoll wjAx AAS w3t
o] AEsle] RHEZS i), (dM(z)= Ap(x)xdAxz) Flap 3 }e] A&
0.1335N°]t}. Wb FE o2 213 Flapo A7) ZWHEE 0.1335NX 6.6mm
t}. olu] Flape] BARWEE uj$ o vz HAgT}

Flap + % ¢
S

.01362kgO| P2 mg=
x (167]) = 0.01411 Nm ©]

/-\O

Fig 15. Throat Mechanism

Table 13. Moment applied across the Flap

small mass flow rate medium mass flow rate large mass flow rate
P(x)[Pa] 5,494 —83.78x 16,480 —251.78x 40,500 — 617.25x
d A(x)[mm®] 21« (27—0.27x) « dx 2« (27—0.27x) » dx 21« (27—0.27x) » dx
MI[N < m] 0.4117 1.2347 3.0366
M, iy [N o m] 0.01411 0.007251 =0
FIN] 60.83 177.42 433.8
7 frFol A& HM HA oA 7t freFol S WY HA A =74 Lowerout 1.2mm 7
3t} olu) o] F7FES 116.59N0 B2 Sd kel A A~xw S 97,158.33N/mo|tt. mE AR 7}
FrFo] Sk o 4%4 Zhmo A 7k frEFo] WS W] HA Z=7bA Lowerouts 0.8mm e

ki3
S
=
2

o< o))}

p— =

o}, oluf Fo] T7VFS 256.38NC| 2= Y RlollA e 7R 320,475 N/meolth. ALy Ad, 75
] A7) 8l 8= ~EE AP gho] niAddo|ng | hEEaE JHdo] AR TR IOYAIE
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2.6 AAA

el A A b de e AL WL ser, o) 22 A% AdE 49
ol REE Mgl AR dudon Asd £edt A% M, A% Felolg @ EAMY,
A Aol AZHELOP) AFHOR L7 A0, ol A $FEE 2] A gL BTl o
A 2919 Wk o, ¥4 0 21 DA YT FAL A8 54
oF s71o] we vl go] £,

W, B AT Ak J1A AAE oldd mE M 202 YRR A
A4, AFOlEl, Aol gle] 5 A WANES WA vhaE A
FAs 27 ARUE A AgEnh vdepl, A4 Eol glomz Ay 3
49 5 A ok BEd e dde Loa a3 A 37 glol A% T
dolehs HolA 2 el Arh ARAom x7] Fapush Fr1Ae e
AL BAA 98 AR

2 248 7w AL

Table 14. Cost comparison between conventional electronic venturi scrubber and proposed mechamical design

- & AR S LR ST EE
= W32 232 238H (& 947) H|-& W3}
] AP ZHE A A
bt AlA Aﬂﬁom& =248 (& 7144 A 2] 47k
Ao o]y % I AREHR JE8 229 (Flap-Link P
24 MY A% oo ol El+EA MY Ba ~&en /)T 2g)
AR - ool e Aol & N Rt =T
AR} Aoyt Aok F =48 (&5 7144 .
y Edol= - Fo 1ol FA WAE
A= 5 3 7)
55 35 &4 e wooma SUS316+5Y thA| 2 A7
A F=ofl o] - AJout 5o
LIS sl Ae 8 A (A7h 75) g A7
NN AR 2E WA -4 B, g A T, FABS 08
m Hlg o DE WAZ §X 83 Azt
N N z27] AZuE =L g4
T 2 H& z27] AZH+A o] +7-R] B
Al AZo 2 TCO A AAA oo
(TCO) E‘%%g %] éu . og o]o “I“A
T
2.7 Az 2 At
2.7.1. 74
WFe] Age R shae] E3E B SeRAR Qs A5Hos edEn BAHE @7l 1)
AYAVE AR o) BAls) Bl HAH A4 £EE Baleln, FAow g A7 T o)
S TFEAIA oA 71A A" A AHsS AE 5 Tk
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ol& At Hall AA Al="e BEEFoR AAEI. % 4 22y Al S 2ERE Eelske] AFEsAY
WA 4= 9lo] FARGTE golsirt. A 5 oyt shetEde] fHold WAAdS 7H1 3161
*Eﬂ 2] 273} PVDFE ARS8 AL, 7Fs4-oli= PTFE Z®-S 3t} PTFE: M $HCIME d3lEx] ghom,

< 29 UAR QE e9E F& vpEE FAlol AT olelg BES AAe A A A
3l dotet 7 FAFNAME VIt AL e B

2.7.2. A I Ak

71E 9 72l HFe iﬂ;ﬂﬂw A AES S5 ARk A9, F7F AX Fbe] Aot Ak A
ol W] 2geidE FHTEC] U wAEHY o] Jx A Al FIF FEIL offHrh. dukHoR W
g 238 FREE FHETE 4 g H 2 2] 7 600-800mmRE FHEe] lom(H7PHEA A - At
AbdBA7IEl B A-Al22x (T2 HA)), & A=jle] BE

’ j]
@ % glolok Wk A7 S0em WFLW 99 /)F0R vhvY ABY, Link-A4) 28 INE T A
A &L Aok HES AAR

ANFEOR WAL PAY 45 ~ELAE U T PRB) 84S WA 99 e
2ol MART. e AEYL WFe wwe] AR Axste] Fvb Fe Aaseh. wa, Age) 24
A A7 solme] olE Bo] Linkel Uolg AamaAi. HEF Ba gl AN TR 8 A7)
Hh Bt Aejut X Fqbo] BAaste] AAHA F1 BEAol A

3. 23 4 B9
3.1 71& AEFTe =EA

pi peE A%, Folrl ks % 2 AZE f&ol BE F4(75m/s)e] HE

5 ARE tHd ZAS ARSI o5 Bl C R Flap 37 4x=s 74]* stgom ) AR LG S 7+l
2 AN G Az §8S AT Table 158 BH, 23 AX §8(87.5%)0 2438 glo] 39 A
< EQlstk 4= it}

3 ZQ3 Flap 2t=9F 22 E 27 Wals Yehdit), Table 169 14 ARE wlF2] 22w o
7]_/\ Oakz} AR E D}tr—VGO]

JESR TS |

Table 1591 A%l & oleldt AN Auk: =Aske Qo Al 7 §F 2N BE 4% 44 9
P oA

E] Ao

oJm k= Hh= Table 159049} %

otk 7Pkl 2RE f&5E ARtekSith. Table 16 WH-oll A9l
dsitt.

Table 15. Calculated values of variable throat venturi scrubber

small mass flow rate medium mass flow rate large mass flow rate
7}~ A S8k
LA 0.0600 0.1050 0.1500

[kg/s]

7¥= 55 [m/s] 75.00

Flap Zt% [° ] 75.3261 82.3565 89.6072

HA e Rk oar

IS e e 0.1247 0.2182 0.3118
[kg/s]
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A BE [%] 87.48 87.49 87.50

8/ - §/ T L

54
28,16
54
4043
54
53,29

[ mm |
1
2 1
L s pl % A ' 1
Table 16. Calculated values of fixed throat venturi scrubber
small mass flow rate medium mass flow rate large mass flow rate
7t~ Ak o2F
A 0.0600 0.1050 0.1500
[kg/s]
Flap 2= [° ] 90
A Ak
(176 e 0.3119
FHFlkg/s]
7t 5 [m/s] 20.3981 42.0483 73.0705
I i
[ mm ] 3
1
51

o

Fig 162 72| (Table 15)¥} 324 2](Table 16) WIFE] ~ae|He] AZE {48 vlugh Ayjo|t}, 1A
AS- ks w5 FTe) wek 2RE ) b o] ¢F 20.4m/solA 73.1m/sTHA A Asste] HA &
HR(60-90m/s)E Blofvhiz gkl wbAsioltt, Wb, 7piAe B {7 2 Tom/s& A8k,

B>
ot lo

= 1] el ARl o] Zhseksint

80 75 75 75 =
® L ] —
]

70 73.1 i
© 60 -
E
= 50 - I8
7]

% 40 4 [ ] 42.0 |
>

30 -

20 ] * @ *Variable Venturi Scrubber | |-

204 =M=Fixed Venturi Scrubber
T T T
0.06 0.105 0,15

Gas Mass Flow Rate (kg/s)
Fig 16. Throat velocity comparison of variable and fixed throat venturi scrubbers
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3.1.2 A% "—‘v‘%ﬂl

0
o
AN S 002 AASIITE. 2ol A, Y 7IEoA 23 FEEE 4SS
i Table 17914 218 4= A},

Table 17. Comparison of cleaning liquid consumption in variable and fixed throat venturi scrubbers

i b - 2G4 - | haa gl | 2 gl
°%T[k/ ] AN AF AN A AN AF AN AF FHE [%]
S
et % [hg/s] | +F [hg/s] | +F [kg/s] | F [kg/s]
0.0600 0.1247 0.1871 150.04
0.1050 0.2182 0.3119 0 0.0936 42 .89
0.1500 0.3118 0.0001 0.03
— 700 - 67.3'9 * @ Variable Thrust Scrubber | |-
< =M =Fixed Thrust Scrubber
=1 600 — -
3 500 -
& 400 337.3 [F
o O
o 300 - 5
0
‘;"200— =
2 100 -
z 0.36
O 04 ® { O =
0 0 0
| | I
0.06 0.105 0.15

Gas Mass Flow Rate (kg/s)
Fig 17. Liquid waste in variable and fixed throat venturi scrubbers

B
v
0

Table 17¢} Fig 1704 1274 2 2E S| 2 e Y 2ol 29 i 0.1871kg o] A4
Al AR ZS RIS 4= vk, Bew oy Hoj 150%%%1 Zapet, ol A 84 2 29 ¢
Holl A w9 vlg&Aolth, vh | 7FAAS Al Gh)7) dASHA] o, Fg A olal =
ATt wEbA], JPR A2 E WS 23¥E AR A8 ARG 844 A E7
2 ojH] #3235 998 71K

O-)LE

oZi ﬂJIO
o Iy Hi

€
=3

1%

]l o] 7

Ho|A 7]&

Jr

e

K
o

3.2 Az 2 A4 B
BoAF A AAG A JH ARE dlFE] A3 AAA, 344 AY A7 SH A 7S
ks

o WFY sawndg $estE A4S fAsd. oF A4 Fs4e AF47] A, CreoR 3D
wdye @ 7 3D TAHE FYstel TREEYS A LA,
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Fig 18. Final prototype

Z2Eeol s Flap $H4 Astsh vhd £2 BAZ BAsd. E9Ee] £zt A HE
& 275k g B oleh, nhAS AWz mes gol WA BAlolth FFo) 2xy 4 ¢S
AT AANA G RAE AFS ANFOEA BT Aolth,

3.3 494 9 J|gad

4% 47 Ange e 2 AHol A
- 874 5% 4% de ol ANZE e glo] duX ARE oW, AANS Aokali 3
s A7 ERe AL 2.
) o

PR oR fAFORA AT W g B70g ALl 7
 AA: AN, GFAlE, AR Aofure] AAH ] 27 AL LIu]sk FA .
L HE ASA TR AR AL Belan, S 0Ea Sadel T4 Fa0 e

o 2uE AAY B4 AR Aol 3A gelE §F ekl mek AEH o A3 AN A4E A

FHdon, Add AAE A2 2% Q= 74 As Aol FATORM, /1 AR AA
WAE IR ol B4 BA AW, AAN Fu, F43 ARIPeIA] A8t sbed Sl
8% 997} 9vt

AQrE AAE F42F Qe WEts A g
3 F AR AAH, F7b 4 491 2
Stk Ed WE WA TEE AGse] §ARFIE R, 477 A9
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3 A Asrt A &= AStelA, B AAE AR Aol 37t AR Ao Al~Ele] 9
oA FuE 34 VIEE 5L o Ude AEAJ] gigte] & & k. Yol o= Flap 7 H
At 9@ onladE AZE Ao FES S8 UE SHEY gdst o9V A AlaRlo R S
7V Aotk webA 2 A= A/FAZT BARE FA ZE ASTFsE 714 AA AR, 7
- ¥ A 2 3G qfA Aslel AEAQ 7|7 Thsstth

4. 4 B

A Ql AP Aol A= WS 23 ] fali7ks FFF WHstE QlEl], AR EqA Y] o] U
SHAl A=A ol ¥R afo] Attt fEFe] A& A9 7k A wATE, FFe] e A9
frafl 7k=F M o] FFoke= Alke] 58 EA17F AT, olelgt s AstE dAsty] HEl, 2
ATolA = AAA AA L Ao A glo] AEste 7IAA 7H wlFE ~2a YW E A Sl

Aotd Alx"o| A= AR ER Flap-Link-Sleeve 739 w1 UE AZHo] 7t~ F5 W3l 527
Aow g, 2RE 9HAS WHIAIA AT 5SS AT 7 AT ). olof AsE Mg
WH ggh b {5 Wstel] wel AARARS BANCEHA, &F AN FATeR a8 it
AglE TSt FANAS T3 AA] PN 5SS HEEa, 3D ERH Y TR EES] A%
< B3 HAd b s HAEeslt.

AEAoR | B AFoA] et 7pH ARE WFg A s R Ay ARe 38 A4
N AR glolk kAo RE 3 B&S et AHF7bse dijtelth. 53] 48 AFPAA S =
2 AE Tt AE vEeR 33 A US, BAZF FE 43, 71FHEE g 54 79T F Ade
A8 71A AA At EA 9w E 7HE T

+ 7

Al 158 A% SFAAABRANS ] FeAstAN 2B JAZERAN FHF FAGT 42 A7
AL Aol AEE B 5 gl HAAFUT. ol V15 W % B BA 2 AF 2nkE A7)
AA e FAE Bed e AAS do AT 8331 AUA BAl oF B Ao Fege
ARA SAFJgHe. B old gk el F& ehdsFA SRS wAdRE Ao
A, Q87 ARk ofeltol7h AAl # WAl Sl xFolun} wgo] Hlow s vk
Yot
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(1) Major classification of sources of air pollutants
Energy & Data-KIER TPP

Major classification of sources of air pollutants

(2) Air Pollution Emission Facility Management Status

Air Pollution Emission Facility Management Status
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(3) Installation and operation of air pollutant discharge facilities

71 ed=d MEAAE 5o *F Al EFAE < dI71E=d vMEAA 23+

Installation and operation of air pollutant discharge facilities
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