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Abstract Hydrocarbon-based fuels currently dominate the global energy system. Achieving carbon
neutrality ultimately requires not only reducing the dependency on internal combustion engines, but also
fundamentally decarbonizing fuels. It is essential to discontinue the use of hydrocarbon fuels and achieve
decarbonization through the application of carbon-free fuels such as hydrogen. In this study, a 2.0-L
research engine was designed, and numerical methods were applied. The performance, exhaust gas
emissions, and combustion characteristics of the research engine were analyzed through 1D simulations.
Based on the results of the 1D analysis, CFD simulations were conducted. Mixture formation and
combustion characteristics were analyzed by varying the injection angle in the ultra-lean operating
region with a A 2.5. A spray angle of 45 degrees resulted in the highest turbulent kinetic energy in the
cylinder. However, misfire occurred. A spray angle of 60 degrees showed the fastest flame development
during the initial flame propagation and exhibited a trend of higher combustion temperature and
pressure compared to a spray angle of 30 degrees. Optimization of the spray pattern is deemed
necessary to address issues such as flash fires and high combustion temperatures in ultra-lean operation
of hydrogen engines, depending on the characteristics of mixture formation inside the cylinder.

Keywords : Combustion Characteristics, Hydrogen Engine, Injection Angle, Mixture Formation, Numerical
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Fig. 1. CO: emissions by fuels or industry, World[1]
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Table 1. Comparison of properties and combustion
properties of hydrogen, methane and
gasoline[10]

Property Hydrogen | Methane | Gasoline
Density at 1 atm and 300K [kg/m’l| 0.082 0.717 5.11
Stoich. fuel/air mass ratio 0.029 0.058 | 0.0664
High heating valueHV) [MJ/kgl | 141.7 52.68 48.29
Lower heating value(LHV) [MJ/kgl| 119.7 46.72 | 44.79
5.3~15.0| 1.2~6.0

Minimum ignition energy [m]] 0.02 0.28 0.25

Flammability limit [% by volumel| 4~75

Laminar flame speed at NTP [m/s]|  1.90 0.38 |037~043
Ignition limits A range 0.13~10 | 0.6~2.0 | 0.4~1.4
Adiabatic flame temperature(K] 2318 2190 ~2470
Autoignition temperature (K] 858 813  [~500-750
Quenching gap at NTP[mm] 0.64 2.03 ~2.0
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Table 2. Engine specification and operating conditions

Parameter Specification
Bore X Stroke [mml] 86 x 86
Displacement [cc] 1,998
Compression ratio 10:1
RPM 2,000
SOI(Start of injection) [deg] -100deg aTDC
Injection pressure [MPa] 10
Excess air ratio [4] 2.5
Boost pressure [MPal 0.25
Spark timing [deg] -25deg aTDC
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Fig. 3. Engine geometry
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