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Abstract : In recent years, regulations of environmental pollution have gradually been strengthened
worldwide. The International Maritime Organization (IMO) has adopted the “agreement of air pollution
prevention of ships” which regulates the emission of air pollutants from ships. Regulation of nitrogen
oxide (NOx) emissions of large marine diesel engines below 130 rpm have been strengthened. In the case
of large marine diesel engines, the regulations for Tier-III, which took effect in January 2016. It has been
reinforced to less than 14.4 g/Kwh, which is a regulation that must reduce nitrogen oxides by more than
80% compared to Tier-II. In addition, since 2020, the emission of sulfur oxides (SOx) has been regulated
to less than 0.5% and the ships sailing in coastal and exclusive economic zones are regulated to be
limited to 0.05%. In order to reduce the emission of nitrogen oxides (NOx) and sulfur oxides (SOx)
generated from ships, it is essential to install post-treatment devices such as SCR and scrubber. The
annual average amount of particulate matter (PM) in Korea is 24.8 ug/ m?>, which is said to be the worst
among the OECD countries and the 26th most serious in the world. The government aims to reduce
domestic particulate matter (PM) emissions by 30% until 2022. Currently, the port cities of Busan,
Incheon, and Ulsan have poor air quality, and air pollutants generated from ships are introduced and are
affected by serious environmental pollution. In the future, regulations on particulate matter (PM) are
expected as environmental regulations are strengthened in the International Maritime Organization as well.
Currently, most studies on post-treatment devices to reduce nitrogen oxides (NOx) and sulfur oxides (SOx)
generated from ships are conducted; however, there is almost no research on the reduction of particulate
matter (PM) for ships. Therefore, in this study, it was conducted on an electric precipitator for reducing
particulate matter (PM) in a 300 kW class of marine diesel engine. The electrostatic precipitator is a device
that collects particulate matter (PM) from a collecting plate by causing a corona discharge phenomenon. In
this study, three types of dust collector plates and electrode plates, which are components of the
electrostatic precipitator, were designed and structural stability was derived through numerical analysis.

Key Words : International maritime organization (IMO), Nitrogen oxide(NOx), Sulfur oxide (SOx),
Post-treatment device, Particulate matter (PM)
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(a) Flat surface of collecting plate & electrode plate
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(b) Triangle of collecting plate & electrode plate

(c) Semicircular of collecting plate & electrode plate

Fig. 1 Design of 3-type collecting plate & electrode
plate
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Table 1 Material properties of collecting plate &

electrode plate

Material name SUS 316L -

Density 7930 kg/m®
Young’s modulus 193 GPa
Poisson’s ratio 0.3 -

Yield strength 290 MPa
Tensile ultimate strength 580 MPa
Compressive yield strength 250 MPa

3. FXlaiM Zat A nF

Aukg OAd ] vy Z 5 (manifolder) W77}
2 I Yo wjr7tae L5 400 ©]
FolAR w77k FA A SCR B =21
& A o] exE @A oA k. AA
o2 3= 300 kW AEkg <dlzlel A wjz] 7t

2 FHYAE AR Fo| Lxg AZE F
of exzAg TRtk F AW
sgagens wylls SEE 4YE B9 2

s AEATY) A5 e oy A =
Adll oA =7 9F 100~250T -T2
bttt weld LExHAOE 100T, 150T, 200C,
250C 2 AAste] #2181 et AA T
37EA W, 4z wrdE e A71R-RAER <
AN A5 ASF w7tk 2RS4
Hatgom, AL 279 ZPoE Ui ddg
AFE 5x10° "W/mm? CE 3t ch>19



3.1 "M (Flat surface)
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(a) Equivalent (von-Mises) stress of collecting plate
& electrode plate (1007C)

(b) Equivalent (von-Mises) stress of collecting plate
& electrode plate (1507C)

(c) Equivalent (von-Mises) stress of collecting plate
& celectrode plate (2007TC)
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(d) Equivalent (von-Mises) stress of collecting plate
& celectrode plate (2507C)
Fig. 2 Equivalent

stress of collecting plate &

electrode plate of flat surface type

(a) Deformation of collecting plate & electrode plate
(1007C)

(b) Deformation of Collecting plate & Electrode
plate (1507C)
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(c) Deformation of collecting plate & electrode plate
(2007C)

(d) Deformation of collecting plate & electrode plate
(2507)
Fig. 3 Deformation of collecting plate & electrode

plate of flat surface type
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Table 2 Results of structure analysis

Temperature Max. Max. . Safety
e equivalent | deformation fact
©) stress (MPa) (mm) actor
100 401.14 0.381 0.7
150 658.28 0.626 0.4
200 908.17 0.871 0.3
250 1172.6 1.116 0.2
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(a) Equivalent (von-Mises) stress of collecting plate
& electrode plate (1007T)
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(b) Equivalent (von-Mises) stress of collecting plate
& electrode plate (1507TC)

(a) Deformation of collecting plate & electrode plate
(1007C)

(c) Equivalent (von-Mises) stress of collecting plate
& celectrode plate (2007T)

(b) Deformation of collecting plate & electrode plate
(150C)

(d) Equivalent (von-Mises) stress of collecting plate
& electrode plate (2507C)
Fig. 4 Equivalent stress of collecting plate &
electrode plate of triangle type
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(c) Deformation of collecting plate & electrode plate
(2007C)
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(d) Deformation of collecting plate & electrode plate
(250C)
Fig. 5 Deformation of collecting plate & electrode
plate of triangle type

Table 3 Results of structure analysis

Max. Max.
Temperature . . Safety
(C) equivalent | deformation factor
stress (MPa) (mm)
100 287.37 0.383 1.0
150 471.58 0.629 0.6
200 655.79 0.875 0.4
250 840 1.121 0.3
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Table 4 Results of structure analysis

Max. Max.
Temperature . . Safety
() equivalent | deformation factor
stress (MPa) (mm)
100 148.74 0.225 1.9
150 171.38 0.259 1.6
200 210.18 0318 1.4
250 236.05 0.357 1.2

(b) Equivalent (von-Mises) stress of collecting plate
electrode (1507C)

(a) Deformation of collecting plate & electrode plate
(100C)

(c) Equivalent (von-Mises) stress of collecting plate
electrode (2007)

(b) Deformation of collecting plate & electrode plate
(150C)

(d) Equivalent (von-Mises) stress of collecting plate
electrode (2507C)
Fig. 6 Equivalent stress of collecting plate &

electrode plate of semicircular
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(d) Deformation of collecting plate & electrode plate
(250C)
Fig. 7 Deformation of collecting plate & electrode

plate of semicircular
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