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A Study on the Emission Characteristics in 4 Stroke Large Propulsion Diesel Engine

2EF, AFH, g ="
Hyunkyu Kim, Chunghwan Jeon, Youngjun Chang

ABSTRACT

Environmental protection on the ocean has been interested and nowadays the International maritime
organization(IMO) has advanced on the prevention of air pollution from ships. This study presents the
emission characteristics of 4 stroke propulsion diesel engine in E2 cycle (constant speed) and E3 cycle
(propeller curved speed). Also the effects of important operating parameters in terms of intake air pres-
sure and temperature, and maximum combustion pressure are described on the specific emissions. Emis-
sions measurement and calculation are processed according to IMO technical code.

The results show that NOx emission level in E3 cycle is higher than E2 cycle due to lower engire
speed and lower maximum combustion pressure by retarding fuel injection timing. Intake air temperature
has strong influence on NOx emission production. And CO, HC emissions are not affected by maximum
combustion pressure and intake air pressure and temperature.

FQ7)480] : Exhaust emission(d] 7] v]ZE), Propulsion diesel engine(5+7]-8& "l dZl), Maximum com-
bustion pressure( 42 1913, Injection timing(3EA}A] 7)), Intake air pressure(-& <&
Q}t&), Intake air temperature(E$ 3712 %)
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Fig. 1 The IMO eruission regulation limits for marine
diesel engine
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Table 1 The specification of the test diesel engine

Item Unit Value
Power/cyl. at MCR kW 245
Engine speed rpm 775
No. of cylinder - 8

Bore mm 280
Stroke mm 320
Compression ratio - 13.9
Max. cylinder pressure bar 145

Table 2 The specification of exhaust gas analyzer

Meas. item Instrument type Meas. range
NOx CLA-150M (CLD) | 0~2000ppm
Co AJA-120 (NDIR) | 0~ 1000ppm
CO; AJA-120 (NDIR) 0~10%
O MPA-120 (PMD) 0~25%
THC FIA-126D (HFID)J 0~ 500ppmCl1
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C;'fr;ler Table 4 IMO test mode and weighting factors
hiia pol Test Cycle E2 CYCLE
———
b _; e Load, % 100 | 75 | 50 | 25
o [ co armyzer - Speed, % 100 | 100 | 100 | 100
' _ Weighting factor 0.2 0.5 015 | 0.15
ig=———Ci | Test cycle E3 CYCLE
Lo s Load, % 100 | 75 | S0 | 25
Fig. 2 Flow diagram of emission measurement Speed, % 100 91 80 63
Table 3 Specification of fuel oil Weighting factor 0.2 0.5 0.15 | 0.15
Physical property Units Value
= O X ges ARz 9s), F7|W
Specific gravity @15 - 0.8296 h&o] WAE FFE SHET H?H, 5 [
— : A7 gRHE Y] 228 J8Fd
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Hydrogen Ymass 13.12 Wiz Bl HXE BEARS =AY, F9
Carbon %mass 86.62 719482 F7lMyEYe) e EEE A
Nitrogen Y%mass | 0.022 Agte] AzR-3HE 100% 71z A 0.2bar 2
Eav B olaly]o o] wll7] vl u“,‘:_o}
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Table 5 Experimental conditions

Mode Experimental condition Test No.
Lab. condition E3-1
E3 Charge air press. down | E32
Cycle Charge air temp. up E3-3
Max. combustion press. up E3-4
Worst condition E3-VT
E2 Lab. condition E2-!
Cycle Worst condition E2-W
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(b) Corrected specific emission

Fig. 3 NOx emission characteristics
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—o0—E2-1 : Lab. Condition Test
—e— E2-W : Worst Condition Test
—n—E3-1 : Lab. Condition Test
—a—E3-2 : Charge air Press. Down
—»—E3-3 : Charge air Temp. Up
—0—E3-4 : Max. Combustion Press. Up
—a— E3-W: Worst Condition Test
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1t F

10 L— L L . L L L L L
4 [} 8 10 12 14 16 18 20

Brake Mean Effective Pressure, bar
(a) Volume concentration
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1400

1200

1000 -

Specific O,, g/kWh

800

1 1 1 1 1

1 1
4 6 8 10 12 14 16 18 20
Brake Mean Effective Pressure. bar
(b) Corrected specific emission

600

Fig. 4 O, emission characteristics
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—o—E2-1 : Lab. Condition Test
—e— E2-W: Worst Condition Test
—o— E3-1 : Lab. Condition Test
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Fig. 6 CO emission characteristics
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Fig. 7 CO; emission characteristics
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Fig. 8 THC emission characteristics
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