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NUMERCIAL SIMULATION OF AUTO-IGNITION AND COMBUSTION
OF ETHYLENE IN A SUPERSONIC CROSSFLOW WITH A REDUCED
KINETIC MODEL

ZHONG Fengquan®? FAN Xuejun*? YU Gang“? ZHANG Xinyu"?
(1 Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, C A S, No.15 Beisihuanxi Road, Beijing 100190, China)

(2 Hypersonic Research Center CAS, No.15 Beisihuanxi Road, Beijing 100190, China)

Abstract Obtained with Computer Assisted Reduction Mechanism Code (CARM), a reduced kinetic model
including 11 species and 7 reactions was used for the numerical simulation of mixing, auto-ignition and



combustion of ethylene in a supersonic crossflow. The SST k — @ turbulence model, the eddy dissipation
concept (EDC) model for the combustion and the ISAT integral technique for acceleration of chemistry
calculation were also applied. The current numerical work focused on the unsteady process of auto-ignition and
combustion of heated ethylene in a crossflow with a Mach number of 2.5 and a total temperature of 1800K. The
results revealed that at relatively low fuel/air equivalence ratio, the major combustion region was located just
downstream of the cavity and possessed supersonic flow properties. As fuel/air equivalence ratio increased and
the amount of the heat released from reactions became larger, thermal chocking would occur for the combustor
flow and ethylene combusted in a subsonic flow, with a significantly higher efficiency. Moreover, result
calculated with a 2-step lumped model indicated that due to the simplicity of the model, the predicted
combustion efficient and the total temperature were overrated.

Keywords reduced kinetic model, supersonic combustion, numerical simulation, eddy dissipation concept
model, auto-ignition delay time
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