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In this_study, characteristics of condensation and nucleation of particulate

matter in exhaust gas from marine diesel engine were investigated. As a result, in the exhaust gas
from marine 4-stroke diesel engine, nucleation and condensation components occurs in exhaust pipe
conditions. In addition, exhaust gas from marine 2-stroke low-speed diesel engines has change
relatively little due to nucleation particulate matter relative to exhaust gas from 4-stroke engine.

It is considered that most of the condensable particulates in exhaust gas from 4-stroke engines
derived from fuel oils with low temperature boiling point. and its particulates from 2-stroke
engines are mainly lubricating oil components with a high temperature boiling point. Changes in the
state of nucleation and condensation particles in exhaust gas are affected also affected by the
boiling point of the fuel oil and lubricating oil, concentrations of the exhaust gas.



2
( ) 4 ( )
NOX( ) SOx( )
HC( ) CO( ) PM( )
(SOF)
(ISF)
SOF
SOF
SOF
1SO( )
1SO8178
( ) 12
100
( )
1SO
(1SO 16183)
JIS 78808 JIS z7151
IMO( ) 2015
SOF
PAH

JIS Z8808



SOF

4
3 73.6 KW 1200 min-t) 2
( ) Jist 1
HC
@ 4
4 JIS B8008-1
PM ( ) Scanning Mobility
Particle Sizer (SMPS) (Condensation Particle
Counter, CPC)
Electrical Low Pressure Impactor (ELPI)
1 2
) A JI1s 1 (1 =E
bilution A Dilution tunnel = ]-.
) Exhaust pipe FF',IlJmp
liter
PM Soot Heing ioch =
(a) PM 1 Air Heater ol g
PM |:] ;[D:i:l 1st diluter ELPI
===={T], 2nd diluter
Test Engine H e, e
(BLI3AHS) oo _ SanpiRg es L
SOF —
ISF controller L... - J
SOF °F'°
1
(b) Soot
1 ( 4 )
Name 3L13AHS
FSN Soot Type 4-stroke turbocharged
(a) PM ISF medium speed
Soot marine diesel engine
Output 73.55 [kW]
Soot Engine speed 1200 [min]
Soot Cylinder number 3
Soot Bore x Stroke 130 [mm] x 160 [mm]
240 100 § 240
£ 200 S\O@l\ﬂ 50 % & 200
S o g
E.160 SOF o 3 = 160
s 2
g 120 ISF £120
S 80 S 80
o o
[} s O
O
0 0 o
30% 50% 75% 100% 30 50 75 100
Engine load Engine load
(a) PM SOF (b) Soot
2PM Soot ( )



2.0E+9
1.8E+9
1.6E+9
1.4E+9
1.2E+9
1.0E+9
8.0E+8
6.0E+8
4.0E+8
2.0E+8
0.0E+0

Number concentratio
dN/dLogDp [p./cm?]

10

1)

Soot
SOF
ELPI

ELPI

13.78 2
2600

2)
SMPS

@ 2

HC

100 1000
Particle diameter [nm]

10000

30 %)

PM
30 %

190

200 nm
60 nm
60 nm

60 nm

50 nm

50 nm Stage-3

SOF
5 SMPS

CPC

THC (H-FID)

Number concentration
ratio [-]

/cc

Number concentration
[dN/dLogDp]p

1.2

1.0

0.8

0.6

04

0.2 —O—Stage-1(19.3nm)
—o— Stage-3(66.8nm)

—o—Stage-2(37.8mm)

Stage-1, 2

0.0
300 250 200 150 100 50
Temp. [ ]
4
( 30 %)
2.5E+5
-0-100 degC
-+-155 degC
2.0E+5 —-0-240 degC
1.5E+5
1.0E+5
5.1E+4
1.0E+3
10 100 1000
Particle diameter [nm]
5
( 30 %)
3 4
PM
4
6 2



ELPI(Electric low pressure impactor)

To silencer->

Exhaust pipe

Butterfly valve

Heating tube

Heating tube

2 | | Ejector type &
H e Diluter o 8
(SUEC33LSII-Eco) =IH_] Aizer Dataregorder i
Test Engine  Temp. controller (H-FID) PC ELPI
A J1s1 1 0.072 6
m%) HC
2 ( 2 )
Name 3UEC33LSII-Eco
Type 2-stroke turbocharged Low-speed
Electronically Controlled
marine diesel engine
7 750 Output 1,275 [kW]
0 Engine speed 162 [min?]
HC Cylinder number 3
THC Bore x Stroke 130 [mm] % 160 [mm]
191 THC (191 ppmC)
0.7
THC o5
100 = 0'5
20% 150 40 % g 0'4
HC THC 300 e,
g 02 %M&?b
" oo1 \“"@T@%& @ |
2 0 $ B
40 80 120 160 200
P M Sampling line gas temperature [degC]
42 7 HC
52
9.0E+7
8.9E+7
S& 8.8E+7
HC Eé 8.7E+7
g2 B.6E+7
§9 85E+7
§3 8.4E+7
ES 83E+7
8 £ 82E+7
ELPI 8.1E+7
(0.029-0.058 pm) BT  mo 0 0 1m0 200
Gas temperature [degC]
8
(50 % load, ELPI(Stage1[0.029-0.058 p my]))
191 8.5x107(p/cm3)
120 8.7 8.75x107(p/cm3)
2)
HC
4
2
4
2
2
< >
1) 4 THC
89 , 2019, pp.307-308.

2) H. Sasaki, T. Tsukamoto, Study on the measurement method and characteristics of particulate matter from
marine diesel engines, The International Council on Combustion Engines Congress 2016, Helsinki

Paper N0.205.



89

2019

89

2019

91

2021

(Tsukamoto Tatsuro)

(50207346)

(12614)




(Ohashi Yoshisada)

(12614)




