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Abstract

The regulation of exhaust emissions from ships was discussed as prevention policy of air pollution by the International Maritime
Organization (IMO) from the viewpoint of global environmental protection, and it will go into force in the near future. At the same
time, the proposal that revises the contents every five years after the regulation starts was adopted, which suggests that other
harmful emissions will be regulated in the near future as well as NOx and SOx. On the other hand, some NOx reduction methods
which are expected to be utilized for marine diesel engines have been found to increase other harmful emissions.

Thus, this study primarily aims combustion improvement and control with electronic control of fuel injection system and
valve driving system to reduce air pollutants in exhaust gas totally. In addition, emission state of Volatile Organic Compound
(VOC), of which behaviors have been unknown in the case of marine diesel engines, and influence of fuel and other factors on
composition of Particulate Matter (PM) are investigated as well as adaptable measurement methods of VOC and PM for ships.
The following results were obtained:

1. In the study on electronic control of fuel injection system of marine Diesel engine, a trial fuel injection apparatus was manufac-
tured to aim simultaneous reduction of NOx and PM, and the following results were obtained:

a) Electronic control of fuel injection system caused significant reduction of PM emission.

b) Optimization of fuel ignition timing by electronic control provided a considerable effect at lower engine loads in particular. At
25% engine load, the optimum ignition timing, which improved NOx emission, PM emission and Specific Fuel Consumption
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(SFC) simultaneously, was obtained.

c) At higher engine loads, an increase in actuating hydraulic pressure could improve SFC and PM emission.

d) For emulsified fuel, no obvious optimum fuel ignition timing was obtained because pressure drop in the rear part of injection
period increases exhaust gas temperature.

2. In the study on operation of electronic-controlled Diesel engine, electronic control of valve driving system was conducted
following fuel injection system to aim further improvement of SFC and simultaneous reduction of NOx and PM by the synergistic
effect of these apparatuses, and the following results were obtained:

a) Easy determination of desirable fuel ignition timing based on fuel injection timing and ignition delay by displaying of average
value of each timing datum was enabled. And, it was found that exhaust valve opening timing is available as an index of engine
operation.

b) At lower engine loads, the optimum ignition timing, which improves NOx emission and SFC simultaneously, was obtained.

¢) It was found that delaying of exhaust valve opening timing might improve NOx emission and SFC simultaneously.

3. In the study on measurement and evaluation of VOC from marine Diesel engine, the measurement was conducted for experimen-
tal and on-board engines to establish VOC measurement adaptable to actual ships, and the following results were obtained:

a) In general, the concentration of methane, ethylene, propylene and benzene in exhaust gas was considerable while ethane and
propane were slight.

b) In all experiments, methane concentration in exhaust gas fell below its concentration in ambient air. Thus, evaluation of methane
emission is to be based on net emission coefficient or IPCC net emission coefficient.

4. In the study on on-board PM measurement, the measurement was conducted for experimental and on-board engines to establish
PM measurement adaptable to actual ships, and the following results were obtained:

a) Some problems such as participation of PM in measurement system remain for Fast FID Method, Filter Oscillation Method and
B-ray Absorption Method.

b) Fast FID Method has enough maneuverability and response for real-time measurement. However, suitable evaluation function
should be applied to consider the influence of sulphate in PM.

¢) Filter Oscillation Method is very available because it has portability and quick response. However, it is affected by ship rolling
so that some arrangements should be treated.

d) B-ray Absorption Method endures ship rolling. However, the improvement of control program is demanded to evaluate the
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®3. HEAOEEHT

Engine-1 Engine-2 Engine-3 Engine-4

(High-speed) (Medium-speed) (Medium-speed) (Low-speed)
Type 4-stroke 4-stroke 4-stroke 2-stroke
Bore (mm) 112 230 180 520
Stroke (mm) 110 380 230 1050
No. of Cylinders 1 3 6 6
Rated Output (kW) 12 257 441 4560
Rated Speed (rpm) 2600 420 - -
Mean Piston Speed  (m/s) - 5.32 - -
Compression Ratio 18.5 13.0 - -

®4. BEOTBEMRE
Engine-1 Engine-2 Engine-3 Engine-4
Diesel Oil MDO1 MFO1 MDO2 MDO3 MFO2

Density  (at 288K) (g/cm3) 0.8340 0.8553 0.9555 0.8632 0.8699 0.9596
Kinematic (at 303K) (mm2/s) 3.894 3.850 - 4.239 4.775 --
Viscosity (at 323K) (mm2/s) - 2.532 163 2471 3.021 145
Flash Point (K) 336 355 389 353 354 —
Pour Point (K) - 248 — 251 273 -
Carbon Residue (mass%) - 0.065 11.1 0.058 0.090 13.3
Water (vol.%) 0.00 0.00 0.1 0.00 0.00 0.3
Ash (mass%) 0.00 0.00 0.02 0.00 0.00 0.03
Carbon (mass%) 84.0 84.9 84.2 86.6 86.9 -
Hydrogen (mass%) 15.9 15.0 11.4 12.7 12.5 -
Sulphur (mass%) 0.029 0.08 2.92 0.19 0.85 1.70
Nitrogen (mass%) <0.01 0.01 0.22 0.02 0.02 -
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THN EL L CHELA#RMAEEL TRESRIZLD
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TEMEA RS (SOF) * 3B L . £0EELXRIEL 720
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#*5. EMBHOARIMKE

ThAE / PHIRTE A Eil C Ei
FE@15C (g/cm3) 0.8581 0.9555
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C1P 9= (T) 86 116
ik )= ©) -30 215
47 (mass%) 0.044 11.1
x5 (vol.%) <0.05 0.1

IR 5> (mass%) <0.01 0.02
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6. HREADERRMS

AT RRBAGTE
BHE (%) 25 50 75 100 25 50 75 100
HH kW) 64.3 128.5 192.8 257 64.3 128.5 192.8 257
El&E 5 (rpm) 265 333 382 420 420 420 420 420
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TH, A% IZBWTEWPMEEEBEZ R L 7-
A, BRS0% L ETIZPMFEHEBEHERT L, BFICX
AALEREETE b oz, 2O RAFRIZBI
LPMBEH R % FHEICIRZ B 2 L%, SEEHREE RO
HZLETHICEBICRDILEEIOND,

Kz, BEFIDIEIZE D RD 7 SOF DHEHIBE & |
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SOF DHEE B &L OB ERET L7z, K3 7ICHED
BAfR %2 R . PMOBA LRI, WEOMIZIZIENH
BEENHH ., T BT 27— 2N HET S
o THEOM OB EEE LA /. B b E

EERALTPMEEEEL REL 2 HESIRE SN D,
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VAL EOE T KDL MRE A TSI LI
Fanhiz,

PM HEH # = SOF #EH 5 + Soot HEH K + RO HEH
F

SOF#EH 5 = f1(SOFFID), SOFFID: B&FIDVET®
SOF i 11#

SootHEH 5 = f2(SootFID),  SootFID : & FID{ET D
Soot i 71{&

Wil O HEH = = f3(SFUEL), SFUEL
HEAx

L BB OB

5.2 714 W 2EKREEIC L BFAPDOEM TOPMETR

5. 2. 1 XBR&%E

EBRIER L-REOBELERBEIIOWTER TR
U 8IIRY o EMERTOREARZH3 8I1IRF .7 1

#*8. ERAMH L EM

RN THEE LB E DREROBEEIKRECEL- Gaki L it REHH
720 TD7:8, SOFDHEHEE % FFHi§ 4 LT, Eix 74 — VIR 7 1 — LS
RS IRBEER T ALEMIREEND, g N A&l
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