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Abstract : Regulations on exhaust emissions of marine engines are being strengthened, and many related
technologies are being developed. In this study, the combustion characteristics of the engine were
analyzed for the propane conversion of a 225 kW high-speed engine. The movement of the piston was
simulated using a variable grid from 120 degrees before TDC to 120 degrees after TDC, and the
ignition timing was analyzed by changing the ignition timing from 20 degrees before TDC to five
degrees after TDC at intervals of five degrees. Residual fuel mass fraction was rapidly reduced to 80%
during ten degrees of crank angle after ignition, and then decreased slowly thereafter. After combustion,
the amount of residual fuel increased significantly when the ignition timing was later than five degrees
before TDC. Nitrogen oxide was greatly reduced as the ignition timing was delayed. The engine output
was highest at five degree before TDC and decreased when the ignition timing was earlier or later.
Considering performance and exhaust emissions, the optimal ignition timing is five degrees before TDC

under this engine operating condition.
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Table 1 Target engine specification

Table 2 Calculation conditions

Displacement volume (cc) 6,200
Number of cylinder 4
Bore x Stroke (mm) 101.6 x 95.25
Maximum Speed (rpm) 5,000
Rated Output (kW) 225
4w AWl AAS PO Stk Fig 12
sidel AhgE Adde H49 A4 depa
ESzye da8942 s gon, 4se
PN

A& 1,100,30070 ©] T}, 7} A 2K Dynamic mesh)
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A4k K-epsilon ZE& A-getnia 318 vt
Finite-Rate/Eddy-Dissipation =.@-& A el3}3 T},
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« Ignition point |

(a) Chamber with ignition point

(b) Calculation grids

-120°

0°(TDC) 120°
(c) Shapes with crank angles

Fig. 1 Combustion chamber shape and grids

Turbulence model k-epsilon
Analysis type Transient
) Model Species Transport
Species Turbul Chemi | Finite-Rate/Eddy-Di
Model urbulence-Chemi inite-Rate/Eddy-Diss
-stry Interaction ipation
NOx model Thermal NOx
Mixture(Ideal gas) Propane-air
Pressure (atm) 1
Initial
» Temperature (K) 400
conditions
Equivalence ratio 1
Duration (s) 0.00005
Energy( J) 0.015
Spark Location (x,y,z) 0, 0. 100 mm
Spark ignition -20, -15, -10, -5, 0,
angle (CA) 5
Time step size 0.0000925926
Calculation | Number of Time 240
condition step
iteration 10
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Fig. 2 Fuel mass fraction in cylinder with spark
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Fig. 3 Residual fuel mass fraction after combustion
finished
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Fig. 4 Cylinder pressure during the combustion process
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