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ABSTRACT

Exhaust gases emitted from internal combustion engines contain nitrogen oxides (NOx) and sulfur oxides
(SOx), which are major air pollutants causing acid rain, respiratory diseases, and photochemical smog. As a
countermeasure, scrubber systems are being studied extensively. In this study, the pressure drop characteristics
were analyzed by changing the exhaust gas inflow velocity using a scrubber for a 700 kW engine as a
model. In addition, the fluid flow inside the scrubber and the behavioral characteristics of the droplets were
studied using CFD, and the design compatibility of the cleaning device was verified. Flow analysis was
performed using inertial and viscous resistances by applying porous media to the complex shape of the
scrubber. The speed of the exhaust passing through the outlet nozzle from the inlet was determined through
the droplet behavior analysis by spraying, and the flow characteristics for the pressure drop were studied. In
addition, it was confirmed through computational analysis whether there was a stagnation section in the
exhaust gas flow in the scrubber or the sprayed droplets were in good contact with the exhaust gas.

Keywords : Porous Media(CtS4A OHZ!), Droplet(2 &), NOx(Z &4H5HE), SOx(EHASHE), Scrubber(Hi 7] 7FA
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Table 1 Exhaust gas inflow conditions

Engine load(%) 120 100 80 50
(kg/s) || 1.837 | 1.531 | 1.224 | 0.765
(m’/s) || 1.643 | 1.369 | 1.093 | 0.684
Air density(kg/m®) 1.1181(at 40°C)

Inlet area(m?) 0.093
Flow velocity(m/s) | 16.81 | 14.71 | 11.77 | 736

Flow rate

Table 2 Average velocity in the scrubber sys. of exhaustgas

Engine load(%) 120 100 80 50
Flow rate(m’/s) 1.643 | 1.369 | 1.093 | 0.684

Internal crosszsectinal
area(m”)

0.7448

Average velocity(ms) | 247 | 1.84 | 147 | 0.92
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Table 3 Create a calculation mesh for flow analysis

Grad type Tetrahedron & Hexahedron
Nomber of nodes 3,744,033
Nomber of elements 17,730,414
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Fig. 3 Calculation mesh for flow analysis

Pressure
Contour 1

1.056a+001
H 8.281e+000
6.021e+000
I 3.751e+000

1.481e+000
-7.8948-001
-3.059e+000
-5,329e+000
-7.589e+000
-0.869e+000
-1.214a+001

[Pa] 1t

(a) Pressure distribution(Pressure drop 5.8 Pa)
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Fig. 4 Pressure & velocity distribution(Distribution Panel)
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Table 4 Inertia & Viscosity resistance of distribution panel
obtained by Darcy’s law relational expression

Items Value
Inertia resistance
(C,. 1m) 7.165
Viscosity resistance
(1/a, 1/m) 497373




w717k AR AZXY A fEol o
: A= AVEE

o
3

4 WA F& 7k A4 E AT
A A214, A2z

3.3 78 A FA BT R3304

W7 Bl A AR Z 7] 7227 = o
PTZ 9 7= Jlol= HIS B3 w7t ae
Wash Water2to] HEHA S Fol7] flaiA 7lol=
H|lell oJ3) obF7F A== JRZWAA= 7
ST AL 5ol FAF ok B 1S5S AA
g g Utk gEkA TS TtolE s TS
o Fo] w772 E HARAVE FdEH 73
AL BFg IS o] g3t #HdF wirvts B
e FA #o

E}F-2] Holeo] B7] wj ol AEAR f5mdol
24 2FA7A &AL a4 1) (Porous Media)&
283t £=-9-9 73 BA A At M 3
9 AA EE RS BER BEste 4534 29
9 AL AAE A At frEdlA g AAe
% B3 syt o 2% 33280 (Element 7]15)7}
Hoj A AAZAWe] FEdddl 3 BgdHs
T A JA B3 ALkl AeE & Qo
AAZAN w7172 Fd £271 2m/sdjfjoj =2
A Tn/s7hA Case StudyS 3 3FATH Fig. 62
FUEE 3mis?l A2 3 9 A B 7919
PEEE 9 SEEXE e Jdoh U&=
3m/sQl 735 9 Ebg-dol 93 ¢ 733k 10.6Pa,
AL BFE e o3k fFE st E 10.2Pa® uf o)
Hlsl 22k 2nf) 7h7be bEAsHE Holi glow,
HUEEE Elgd Holes 5348 v 714 2 £58
X E Holed 7% EbFdolA Ho 6.7m/s, 7 AHE
THAA 6.1m/sE FEIRT BERo R fFUFH=
Z}7be] GUAEEES JHEo R sl FEAH S F
3HA Fig 79 22 &= vl =g ste] &
Al Data® A& 4 Atk o] £E-942 73t #A Data
£ Curve FittingS 33t 2 3)3 249 22
Darcy's Law #AI 23 FASE Fe)j] &b 7} st
AT AFE 7 F At o] AT} T3
i 717k et wid o] T, u 7] 7h2m0] HAA ¢
(n)yE ol &3t Table 5 9 2o Bl3#e] #HAPAF
I HAAPAEE F3to frElMEs FASE 5 Aok

AP=1.1687V>+0.0124V
AP=1.1135V>+0.0699 V/

3
@)

1.132e+001
7.3478+000
3.371e+000
-6.0556-001
-4.5816+4000
-8.55724000
125304001
-1.651e+001 i
-2.0496+001

-2.446e+001
Pa) \

(a) Pressure of horizontal hole plate(Pressure drop 10.6Pa)
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(b) Pressure of inclined hole plate(Pressure drop 10.2Pa)
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(d) Velocity of inclined hole plate(Max. velocity 6.1m/s)
Fig. 6 Pressure & Velocity distribution
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(a) Velocity distribution characteristics
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(b) Stream lines characteristics
Fig. 11 Velocity distribution & Stream lines characteristics
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Fig. 12 Wash water nozzle and droplet solid cone
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Fig. 13 Droplet behavior characteristics
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