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Abstract

Based on the high-speed compressible model proposed in our group [Gan, Xu, Zhang, Yang, EPL
103 (2013) 24003], a new discrete Boltzmann model for detonation is presented. A new reaction
rate function is adopted which comes from Lee’s model but only the growth term is used. Based on
the new model, several kinds of detonations with different reaction rates are simulated and a crit-
ical reaction rate is found. In the case where the value of reaction rate equals to the critical value,
the simulation results coincide well with CJ theory. In the cases where the reaction rates are lower
than the critical value, the von-Neumann peak will appear firstly and then steady state is reached
behind the detonation wave. The steady states in those cases are in the C] detonation states. In the
cases where reaction rates are higher than the critical rate, the detonation wave propagates at a
speed faster than that of C] detonation and the steady states in those cases are in the weak detona-
tion states.
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Figure 1. Schematic of the discrete velocity model
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Figure 2. Comparisons between DBM result and the exact solutions for Colella’s explosion wave test at the
time t = 0.04
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Figure 3. Comparisons between DBM result and the CJ theoretical solutions for
self sustaining detonation test at the time t = 0.03 (density, temperature, velocity
and pressure behind the detonation)
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Figure 4. Comparisons between DBM result and the CJ theoretical solutions for
self sustaining detonation test at the time t = 0.03 (reaction process and the wave
velocity)
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Figure 5. Pressure profiles and phase diagram of pressure and specific density at
different reaction rates
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