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Abstract: To support the carbon-neutral and sustainable transition to alternative aircraft fuels,
numerical simulations of the combustion of ammonia and hydrogen fuel blends in scramjet engines
was conducted in this study. A scramjet engine model was developed based on the combustion
chamber structure from the German Aerospace Center (DLR). The model was validated against
experimental data under both cold and hot operating conditions. Numerical calculations and
combustion characteristic analyses were conducted with varying ammonia blending ratios. The
results indicated that an increase in the ammonia mass fraction led to a lower temperature in the
reaction field temperature and higher fuel NO, emissions. The low chemical reactivity of ammonia

resulted in insufficient combustion in high-speed flow fields, leading to a significant reduction in
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combustion efficiency compared with pure hydrogen.

Simulation results indicated that stable

combustion could not be achieved when the ammonia mass fraction increased to 30% under the

current conditions.

However, the stable combustion boundary can be effectively expanded by

increasing the intake pressure, intake temperature, or fuel temperature. This study reveals the

combustion characteristics of ammonia and hydrogen fuel blends under supersonic flow

conditions, providing insights into the interaction between chemistry and turbulence in supersonic

combustion. Additionally, it offers considerations regarding performance prediction for the design

and optimization of ammonia-fueled scramjet engines.
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Fig. 1 Structure of DLR scramjet!'™
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Fig. 2 Ignition delay time validation
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Fig. 3 Laminar flame speed validation
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Fig. 4 Axial pressure distribution and grid diagram
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Fig. 6 Pressure distribution at different sections of the combustion chamber
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Fig. 7 Velocity distribution of at different X sectors
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Fig. 8 Combustion density distribution of scramjet
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Fig. 10 Temperature distribution of different mix ratios
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Fig. 16 Temperature distribution of different conditions
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