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Abstract : To solve climate problems, the International Maritime Organization (IMO) has strengthened its
goal of reducing greenhouse gas emissions from ships from 30% in 2030 to 100% in 2050. To satisfy
regulations, research is underway to apply LNG, LPG, biofuel, methanol, ammonia, and hydrogen to ships.
In this paper, a study was conducted on the combustion characteristics and generation of harmful substances
by ignition timing of methanol (CH3;0OH) and LPG fuel for gasoline marine engines used in two-ton ships.
The ignition point was set in the range of BTDC 20° to ATDC 20° and the behavior of combustion
chamber temperature, pressure, remaining fuel amount, carbon dioxide (CO,), and nitrogen oxides (thermal
NOx) was analyzed. As a result of the analysis, considering combustion performance and exhaust emissions
comprehensively, the optimal ignition timing of the target engine is BTDC 5°.
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Table 2 Initial conditions

A& O SIS Table 1 thyalAo) zﬂ
& el Stroke/Bore RatioZ} 0.94=% 114540 Item Value Unit
Ao sl oA AA Al dFA EolE 2 = Analysis type Transient -
o= &do] olek? AWAAH o] 3,100 cc, Hhs T“rb?vlfsncc(fug"del k-epsilon -
= 5,000 rpm, =32 225 kW2l ol Z o]t} - -

_ . _ Mixture Propane-air /

Aad FA A= Fig 13 Zoh dERE (Ideal gas) Methanol-air )
Fo| daMoln, ALgHE AR 72399770l NOx model Thermal NOx -
o] AlZ+E= BTDC 120°9}F 7|7} AlZHE= Model Species transport| -
ATDC 12_0 Lz AxE 7HA Y Fig. 1 (a)T ?gggllzl Té‘ﬁ‘;‘ﬂ{i‘i"e' Finite-Rate/ _
2, gFo] dmE FAEAA Y AR Fig 1 interactilgtll Eddy-Dissipation

Pressure 1.5 atm
Table 1 Target engine specification Initial | Temperature 318 K
Ttem Value Unit conditi-ons Equivalence 1
Displacement volume 3,100 cc ratio )
Number of cylinder 4 ea
Stroke % Bore 95.25 x 101.6 mm (b)2} 2
Stroke / Bore ratio 0.94 - 271274  Table 29} ok dEAAL
Maximum speed 5,000 pm k-epsilon® &, A AASHEAIA-S Thermal NOx I
Rated output 225 kW ge Hestdon, 27z A0% ore 1.5 am,

SHA|AEITZEIYX] H28H M4z, 20243 82 5



o

A MErlE

Table 3 Spark and calculation condition

2T HEES AAEY

Xl XMZof et =

Ly
o
4

A

=

Table 4 Maximum temperature with ignition angles
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CYLINDER TEMPERATURE [K], average

CRANK ANGLE FROM BTDC 120° to ATDC 120°

Fig. 2 Cylinder temperature variation with ignition

angles
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Item Value Unit 200 | -15° | -10° | -5° 0°
Number of spark 2 ca Tematk] | 2450 | 2349 | 2231 | 2,149 | 2060
Initial radius 0.05 mm P-
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20, <15, -0, | 400 BTDC 120°0]4] FZ&o] Alzhe]o] Haj7} Al
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Fig. 3 Maximum temperature with ignition angles
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CYLINDER PRESSURE, average [pascal]
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Fig. 5 Cylinder pressure variation with ignition

angles

Table 5 Max pressure with ignition angles

-20° -15° -10° -5¢ 0°
Max.
Pressure | 13.59 | 12.45 | 11.10 | 10.04 9.09
[MPa]

5° 10° 15° | 20° Remarks
Max.
Pressure | 7.76 | 6.36 | 5.26 | 4.33 -
[MPa]
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Fig. 10 Residual mass fraction distribution at ATDC

31° with ignition angles
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