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Abstract

In order to reduce particulate matters (PM) from marine diesel engines, we developed novel electrostatic diesel
particulate matter filtration system. Electrostatic diesel particulate filtration (DPF) system consists of electrostatic
charger and filtration part. The electrostatic charger and filtration part are composed of a metal discharge electrode
and a metal fiber filter (porosity: 68.1-86.1%), respectively. In the electrostatic charger part, diesel soot particles are
reduced by electrostatic force. The filtration part after electrostatic charger part reduces diesel soot particles
through inertial and diffusion forces. The filtration efficiency of electrostatic DPF system was examined through the
experiments using engine dynamometer system (300 kW) and ship (200 kW). The PM reduction efficiencies due to
inertial and electrostatic forces showed about 70-75% and 80-90%, respectively, according to the RPM of the
engine. The differential pressure of the electrostatic DPF system applied to the ship was about 1-9 mbar, which was
less than the allowable differential pressure for ship engines in South Korea (100 mbar). The results show that the

electrostatic DPF system is suitable for application to the PM reduction emitted from ships.
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Figure 1 Operation mechanism of electrostatic PM filtration
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Table 1 Porosity of metal fiber DPF

Filter media density (kg/m?) Porosity (%)
2.3 68.1
1.5 79.2
1.3 82
1.0 86.1
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e (Diesel particulate filter, DPF)E B4 oA
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Figure 2 Pictures of electrostatic DPF installed at (a) engine dynamometer system and (b) Tamnara ship
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AlAstlet. JRp LAY
3L '1‘1 ]EH/\V]?-(International maritime
organization, IMO)9] &A®to| wl FSN (Filter
smoke olgst=  WASA7I(AVL
smoke meter 415SE, AVL List GmbH, Austria)&
oA Wi &9 wiE wAER ¥ SPSHAT
(Lappi and Ristimiki, 2019). &4 7|5 B3 Wi
£ uqHA] £HL sampling 10%, purging 1025
53] WHEsto] W3S ARGl Wi & ARPSE
o] A% 4 5% EXE= Dekati A9 Electrical
low pressure impactor(ELPI, High Resolution
ELPI+, Dekati Ltd., Finland) 7]7]& ©o]&3dlo &%
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Table 2 Test engine specifications

DDG6CAM Engine

Maximum power

Specifications
430 PS (@ 2,000rpm)

Displacement (L) 12.92
Number of cylinder 6
Bore x stroke (mm) 133 x 155
Compression ratio 17:1

Inhaler type Turbo charged with cooler

Forced lubrication with gear
pump

Weight (kg) 1,560

Cooling system
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Table 3 Experimental results (Engine dynamometer)

100%

300 H ——Engine power 1 60
d N Pressure drop —
g2 r 3 ®s
= A A £
g0 | / = 40 o
£ : ;
H k 50% o
g 150 i % g
g 2
w 100 25% 0

50 10

0 ) ) . 0
o 10 20 30 40
Time (min.)

Figure 3 Pressure drop of electrostatic DPF
under E3 cycle mode
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. at electrostatic electrostatic electrostatic .
Load ](E)n%lnet engine DPF exhaust DPF exhaust DPF exhaust Slggtrosﬁatlct Efficiency
%) (i\)%l exhaust @E3 cycle @E3 cycle @E3 cycle @avorane. %)
(mg/m?) run #1 run #2 run #?g ( /r
(mg/nm’) (mg/m’) (mg/m’) e/
25 75 9.6 0.69 0.88 1.03 0.87 90.97
50 150 10.01 1.59 1.54 2.03 1.72 82.81
75 225 17.71 3.31 3.64 3.94 3.63 79.50
100 315 48.03 9.02 10.51 10.47 10.00 79.17
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Figure 4 Number concentration of exhaust PM
under ship experiment(without load)
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Table 4 Experimental results (ship test)

: PM at . .
. - Engine PM at engme ] Efficiency pressure drop
Operation condition REM exhaust (mg/m?) eeliﬁtarl?sstteégcg/]:r)nl’sl; ©%) mbar
. 600 2.377 0.420 82.3 1
Electrostatic
DPFlof{i 900 4.654 1.047 77.5 1
tw/o load 1200 9.910 2.446 75.3 2
. 600 2.377 0.145 93.9 1
Electrostatic
Flond 900 4.654 0.892 80.8 3
(/o load) 1200 9.910 1.841 81.4 3
. 600 10.769 1.152 89.3 3
Electrostatic
X 1ond 900 27.731 5.413 80.5 5
(Full load) 1200 50.182 6.452 87.1 9
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Lo 99hS AT 4 k. I 49 52 BN 4, A=

P2 =27] E A G HI BAE AHEH, o
A5 off (EP off) 274 20 nmET 22 AA =2
7] o= GiEE Sl AT o FRFA
AREL, 2 pmEcE  JA 27] FHRlojA= T E
< B9 AATE o HRRONA ADEHASSE & >
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