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Abstract: The work addresses the clarification of the hyperbolic Baer—Nunziato model usage for the numerical
simulation of the deflagration wave propagation in the black powder charge. Although the Baer—Nunziato
equations have been used for the simulations of combustion and detonation of the heterogeneous explosives for
a long time, there are only few works in which this model is used for the gun powders. The model takes into
account the compaction effects of the gun powder condensed phase. The numerical algorithm is based on the
Harten — Lax — van Leer method; an important element of the algorithm is the pressure relaxation procedure which
provides the local equilibrium of the interfacial boundaries taking into account the intergranular stresses. The
statement of the problem corresponds to the full-scale experiment of B. S. Ermolaev with coauthors. The correct
wave pattern is obtained in the simulations, namely, the leading compaction wave, the combustion wave that follows
the previous one, and the waves reflected from the side walls of the channel. The explanation of the pressure curves
at the transducers is given from the analysis of the realized flow field. The comparison of the obtained pressure
curves at the transducers and spatial distributions of the flow parameters with the results of B. S. Ermolaev with
coauthors is carried out.
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Figure Captions

Figure 1 Comparison of pressure sensors readings in the authors’ simulation (/) and in [13] (2)

Figure 2 Predicted spatial distributions of @, p, p, and T at the time moment 0.4 ms that explain the pressure curves before the
compaction wave reflection from the right wall of the channel

Figure 3 Predicted spatial distributions of @, p, and v at the time moment 0.8 ms that explain the pressure curves after the
compaction wave reflection from the right wall of the channel

Figure 4 Comparison of the spatial distributions of the gas pressure, porosity, and velocities of the phases in the authors’
simulation (/) and in [13] (2). Time moment 0.6 ms

Figure 5 Approximate analytical model of the heating of the powder element

Table Captions
Table 1 Initial distributions of the temperatures of gas and solid phases
Table 2 Physical and chemical parameters of black powder and its combustion products

Table 3 Combustion and compaction wave velocities
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