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Abstract : As regional air pollution gets worse by the sulfur oxides emitted from various types of vessels passing through the
many countries, the International Maritime Organization establishes the emission control areas and regulates sulfur dioxide in
those areas. In order to satisfy these regional regulations, the fuel selection method and the exhaust gas post-treatment device are
applied to the ships. Due to the economic reasons, the post-treatment method of exhaust gas for reducing the amount of sulfur
oxides discharged is mainly preferred. The scrubber which is dominantly used in the ships are the spray type system where the
sprayed liquid drops used for capturing the soluble sulfur dioxides in the exhaust gas. The performance of the spray type system
depends on the size distribution of the sprayed droplets. In order to evaluate this performance, we designed counterflow type
scrubber and cyclone scrubber and evaluated the desulfurization efficiency and the amount of droplet evaporation according to
the size of each droplet by using computational fluid dynamics. The Eulerian-Eulerian analysis method was used because the
scrubber had a gas-liquid two-phase flow inside the scrubber. When the diameter of the droplet was 100 pm, 300 um, 500 pm
and 700 pm. As a result, both of scrubbers showed high desulfurization efficiency and low evaporation amount at 500 pm and
700 pm.
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Figure 2. Fuel oil sulfur limits.
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Figure 1. SOy emission control areas.
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Table 1. Wet scrubber principal dimensions by engine power

I?;\l/[g\l)\l]l)e Diazﬂizter L?Egth H(elif)ht legh " Opviree;tgiﬁ?al

(ton) (ton)
4 2.0 3.5 5.6 11.0 13.0
8 2.9 4.9 7.2 15.0 18.0
12 3.5 5.8 8.1 18.0 22.0
16 4.0 6.7 9.0 22.0 29.0
20 4.6 7.8 10.0 25.0 35.0
24 4.9 83 10.4 28.0 41.0
32 59 10.6 11.6 38.0 52.0
55 7.7 13.9 144 62.0 86.0

Figure 3. Schematic of
counterflow scrubber.

Figure 4. Schematic of
cyclone scrubber.
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Table 2. Fuel oil sulphur limits recorded and corresponding emi-
ssions values

Fuel oil sulphur content Ratio emission
(%mm") SO, (ppm)/CO; (% v v
4.50 195.0
3.50 151.7
1.50 65.0
1.00 433
0.50 21.7
0.10 43
o474 me B7Iulolek. AHOIA AL FRe) 243}
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Figure 5. Notation of scrubber.
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(1) Inlet

Mass Flow Rate 496 kefsec
Inlet Temperature 160 °C
SO: content 433 ppm(v/v)

(2) Outlet

Relative Pressure 0Pa

(3) Spray
Mass Flow Rate 1.12 ke/sec
Inlet Temperature 25 °C
Number of Nozzle 12
Nozzle Angle 120°

(4) Water Outlet

Relative Pressure 0 Pa

Figure 6. Boundary conditions.
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Table 3. Some literature using computational fluid dynamics

Numerical model Comparison
Reference CFD | Multiphase | Turbulence W'ith
Code approach model | €xperiments
Dudek et al. Eulerian-
(1999) CFX | Bulerian | KOmee? No
Bautsch and Eulerian
Fahlenkamp CFX Lauran if;n k-Epsilon No
(2006) grang
Gomez et al. Eulerian- . Yes
2007)  |PHOENICS| g terian | KEPSION | ioie 7)
Marocco and Eulerian- . Yes
Inzoli (2009) CFX Lagrangian k-Epsilon (Figure 8)
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Figure 7. Comparison of CFD data and experimental data [19].
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Figure 16. Gas streamlines of cyclone scrubber.
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Figure 17. Gas velocity distribution of counterflow scrubber.
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Figure 19. SO, mass fraction distribution of counterflow scrubber.
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Figure 21. Droplet velocity distribution of cyclone scrubber.
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Figure 22. SO, mass fraction distribution of cyclone scrubber.
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Figure 27. Droplet velocity distribution of cyclone scrubber. Figure 28. Temperature distribution of cyclone scrubber.
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Table 4. Comparison of desulfurization efficiency of each scrubber

Droplet diameter | Desulfurization efficiency

100 pm 91.2%

Counterflow 300 ym 92.3%
scrubber 500 pm 96.9%
700 pm 96.5%

100 pm 83.3%

Cyclone 300 um 81.1%
scrubber 500 pm 87.3%
700 pm 91.4%

Table 5. Comparison of interphase mass transfer rate of each

scrubber
Droplet Interphase mass transfer rate
diameter [kg m” sec’ ]
100 pm 0.0015
Counterflow 300 pm 0.0010
scrubber 500 pm 0.0006
700 pm 0.0004
100 pm 0.0010
Cyclone 300 um 0.0005
scrubber 500 pm 0.0003
700 um 0.0002
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