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Abstract

In this paper, we present a high speed compressible lattice Boltzmann model coupled with
Lee-Tarver reaction rate function for detonation. Two distribution functions are used to describe
the density, momentum and energy of reactant and product in the lattice Boltzmann scheme,
which gives consistent results with the Navier-Stokes equation in the continuum limit. Due to the
separation of time scales in the chemical and thermodynamic process, the operator-splitting
scheme is employed to solve Lee-Tarver reaction rate function. To indicate the validity of the
model, we studied the collision between detonation and shock waves, the Richtmyer-Meshkov in-
stability by detonation. The numerical examples show that the scheme can be used to compute the
detonation phenomena.
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Figure 1. Physical quantity profiles for before and after collision of detonation and shock. (a) Density p, (b) pressure P,
(c) x-component of velocity u , (d) mean temperature T
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Table 1. The Hugoniot relations before and after the transmitted detonation wave

= 1. BHERREIRR Hugoniot X &

FEMME FE )RS0 A0 £ ) A 22
(23)x% 8.42 8.48 0.71%
(24)=% 11.61 11.66 0.43%
(25)% 4.90 4.93 0.61%
Table 2. The Hugoniot relations before and after the transmitted shock wave
= 2. BEDREFEATERY Hugoniot X &
FEMME FE A AR R 2 00 £ ) v 72
(23)=% -5.99 -5.97 0.33%
(24)5% 5.59 5.54 0.89%
(25)3% 1.76 1.75 0.57%
100 100
75 75
50 50
> >
25 25
0 0 300 450 600
0.993278 1.69483 239638 3.09793 3.79948 450103 520258 590413 660568 7.30723 RHO: 0993278 174679 250031 325383 400735 476086 551438 62679 702141 7.77493
(@ (b)
7 100
‘ 75
) 50
>
‘ 25
- 0
300 450 600 0 150 300 450 600
X
RHO: 0993278 174679 250031 325383 400735 476086 551438 62679 702141 7.77493 0.993278 1.74679 2.50031 3.25383 4.00735 4.76086 5.51438 62679 7.02141 7.77493
(©) (d)

Figure 2. Snapshots of density field for the Richtmyer-Meshkov instability in the case of detonation wave travels from
heavy to light media. (8) t =0, (b) t=0.05, (c)t=0.2, (d)t=1.0
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0.2, (d)t=1.0
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