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Numerical Simulation of Ammonia Spray Combustion in Rapid Compression Expansion Machine
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Abstract : Ammonia, which is easily liquefiable and has a relatively high volumetric energy density, is attracting attention as a marine fuel for reducing GHG
emissions from international shipping. However, there are few analytical studies on the direct injection combustion of liquid ammonia in marine low-speed
engines, and it is essential to establish the basic analytical technology for practical application. In this report, based on experimental results of liquid ammonia
combustion using a rapid compression expansion machine, numerical simulations were conducted using CFD to investigate the combustion characteristics and

exhaust characteristics of liquid ammonia. (92 words)
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Fig. 1 Computational domain of VCVC and RCEM
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Table 1 Calculation conditions of VCVC

Injection Pressure 60MPa
Incylinder Pressure 1,2,3MPa
Incylinder Temperature 300K
Ambient Gas Nitrogen
Diameter of Nozzle Hole ¢0.12, 0.20mm
Fuels Diesel, Ammonia
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Table 2 Calculation conditions of RCEM
Speed 330rpm
Pressure at TDC 8MPa
Temperature at TDC 800K
Ambient Gas Air
Fuels Diesel Ammonia
Diameter of Nozzle Hole ¢0.16mm ¢0.80mm
Injection Duration 2.5ms 16.2ms
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Fig. 2 Injection pressure and duration
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Fig. 3 Spray tip penetration for each ambient pressure
(Ammonia, ¢0.2mm)
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Fig. 4 Spray tip penetration for each diameter of nozzle hole
(Ammonia, 0.2MPa)
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Fig. 5 Spray tip penetration for each fuel
(90.2mm, 0.2MPa)
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Fig. 7 Parcels distribution for each diameter of nozzle hole
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Fig. 8 Parcels distribution for each fuel
(90.2mm, 0.2MPa)
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Fig. 12 Temperature, NO and N2O distribution
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Fig. 13 Emissions and temperature
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Table 3 0D calculation conditions of detailed chemical reaction
Pressure 8.65MPa
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Fig. 11 Temperature, C7Hi6 and NH3 distribution

Initial Temperature 1000 ~ 3000K
Initial Equivalence Ratio 0~2
Ambient Gas Air
Fuel Gas Ammonia
Calculation Time 0.1ms
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Fig. 16 N2O concentration at ¢ 1.0
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Fig. 17 Sensitivities of N2O at 1700K and 2000K
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Fig. 18 Reaction rate of N2O at 1700K and 2000K
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