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Abstract: To address the application of lean-burn gases ( primarily composed of CH,,CO,and H,) from
solid oxygen-deficient propellants in rotating detonation engines, the two-dimensional numerical simulation
was conducted to study the propagation characteristics of CH,/CO/H, mixtures under non-premixed inlet
conditions. The aim was to elucidate the influence mechanisms of equivalence ratio and fuel composition
on detonation wave stability , propagation modes,and flow field structures. Using the OpenFOAM platform
and the rhoReactingCentralFoam solver, the two-dimensional simulations were performed with a simplified
chemical reaction mechanism. The study systematically analyzed the effects of equivalence ratio (0.88 ~
1.33) and CO mass fraction (45% ~ 88.7% ) on the propagation stability, flow field structure, and
component distribution of rotating detonation waves. Results indicate that stable single-wave propagation
occurs across all equivalence ratio conditions at a CH,/CO/H, molar ratio of 1:2.5:5.38. The average
propagation velocity increases from 1 702 m/s to 1 769 m/'s with rising equivalence ratio,accompanied by

corresponding peak pressure increases. When the equivalence ratio exceeds 1, CH, and H, are nearly
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completely consumed in the reaction zone, while residual CO content significantly increases. The closer

the equivalence ratio approaches the stoichiometric ratio, the shorter the self-regulation time of the

detonation wave and the better its stability. Under fixed equivalence ratio and CH,/H, molar ratio,

increasing CO mass fraction causes the decrease of the detonation wave average velocity , increases velocity

loss ,and reduces stability. When the CO mass fraction reaches 88.7% , parasitic combustion occurs in the

flow field,inducing multiple waves and turbulent modes that disrupt the stable self-sustained propagation

of the detonation wave.
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