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Abstract:
In this talk, the effect of vibrational non-equilibrium on gaseous detonation will be reported with numerical simulations and
theoretical analyses. (1) Firstly, numerical simulations of the reactive Euler equations are conducted for stoichiometric H2/O2
(70% Ar) and H2/Air mixture into two scenarios: vibrational equilibrium and vibrational-chemical coupling. Park’s twotemperature model and coupled vibration-chemistry-vibration model are applied to account for the coupling between the
vibrational relaxations and chemical reactions. In 1D simulations with vibrational-chemical coupling, the vibrationally cold
molecules inhibit the chemical reactions, resulting in an increase of half-reaction thickness. In 2D simulations, the ratios of
average cell size with coupling effect to that without are around 1.3 for H2/O2 (70% Ar) detonation, and around 3 for H2/Air
detonation. (2) Secondly, a modified steady one-dimensional ZND model is derived based on the conservation laws, the model
expressions are in the non-dimensional form to facilitate the parametric analysis. The activation energy of the single-step
Arrhenius model, the ratio of the chemical reaction timescale to the vibrational timescale (τ*), and the characteristic
vibrational temperature are examined. The parametric study is performed to systematically compare the calculated half
reaction lengths in both conventional ZND profile and the modified ZND profile. Based on the selected thermodynamic
parameters, the modified theoretical ZND model suggests a criterion (τ* ≦ 7) when considering the vibrational nonequilibrium effect. This work was supported by the LHD open fund project of 2016-2017.
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