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Numerical simulation of three-dimensional flow field characteristics
in the chamber of large-caliber modular charge gun

YANG Xuguang, YU Yonggang, CHEN An
(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: To explore the influence of the propellant bed accumulation distribution on the three-dimensional characteristics of
initial pressure wave in the chamber during the internal ballistic process of a large-caliber modular charge gun, a three-
dimensional gas-solid two-phase combustion dynamic model of the modular charge was established. Firstly, solid powder
particles were treated as discrete phase. Based on Euler-Lagrange method, the motion law and accumulation distribution of
propellant particles under different initial broken sizes of cartridge end caps were simulated. Then, the propellant particles were
treated as continuous phase and the evolution of pressure distribution in the chamber after combustion of the powder bed with
different accumulation distribution was numerically simulated using the Euler-Euler method. The results show that the
characteristics of the three-dimensional flow field in the bore are affected by the difference of the initial fracture size of the
cartridge end cap. When the initial breaking angle of the cartridge end cap increases from 0° to 120°, the difference of the
propellant particles in the area near breech and the area near forcing cone decreases from 12.2% to 0.6% after the dispersion
and settlement of the propellant particles. Additionally, the absolute value of the initial negative pressure difference between
the breech and the forcing cone decreases from 1.62 MPa to 0.76 MPa. The start-up time of the bullet is extended from 2.82 ms
to 2.94 ms, and the time required for the forcing cone pressure to reach its peak is increases from 4.04 ms to 4.20 ms. At the
same time, complex three-dimensional pressure fluctuations were observed in the chamber. Before the bullet movement, the
chamber pressure can be divided into four pressure evolution characteristics along the X-axis direction, presenting the pressure
with no changing, gradually decreasing, first decreasing and then increasing, as well as gradually increasing. After the bullet

movement, the chamber pressure consistently decreases along the X-axis direction. However, along the Y-axis direction, the
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pressure in the chamber remains essentially unchanged before and after the bullet movement. The pressure in the chamber can
be also divided into four pressure evolution characteristics along the Z-axis direction, presenting basically maintaining a
constant level, gradually decreasing, first decreasing and then increasing, first decreasing and then increasing and then
decreasing. The research results have some reference value for the interior ballistic safety analysis of modular charge guns.

Keywords: modular charge; three-dimensional gas-solid two-phase combustion dynamic model; characteristics of flow field

in chamber; propellant bed accumulation distribution; gas-solid reaction flow
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Fig. 10 Three-dimensional spatial distribution of observation points in chamber
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Fig. 11 Evolution of x-axial pressure in chamber
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Table 2 The relative mean deviation of pressure at each pressure observation point

F ) /ms opr
x=80 mm, z=30 mm x=240 mm, z=0 mm x=400 mm, z=—15 mm
0.00 0.035 0.015 0.050
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1.30 0.064 0.040 0.232
1.64 0.034 0.041 0.140
1.98 0.051 0.069 0.193
2.32 0.031 0.054 0.079
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2.92 0.063 0.052 0.163
4.46 0.029 0.013 0.139
6.00 0.077 0.035 0.132
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(c) Gas velocity cloud image along y axis and gas phase velocity vector
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Fig. 12 Schematic diagrams of pressure gradient and gas phase movement in the chamber after propellant combustion
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Fig. 13 z-axial pressure evolution in the chamber
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Fig. 15 Cloud image of pressure gradient at the origin xz plane before the bullet movement under each condition
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Table 3 The bullet starting time and the time required
for the bottom pressure to reach the peak under

each working condition
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Table 4 Bullet displacements at characteristic times under different working conditions
2 Rt i e S71/(°) Lmm
1=2.94 ms =3.49 ms t=4.04 ms t=4.12 ms =4.20 ms t=5.10 ms =6.00 ms
0 0.54 18.44 65.13 74.63 84.83 244.15 423.58
30 0.16 15.35 58.56 67.50 77.13 223.78 410.12
60 0.09 14.45 56.40 65.11 74.52 219.10 403.39
90 0.02 13.05 53.49 61.96 71.13 215.46 401.76
120 0.00 12.22 51.65 59.53 68.92 212.53 399.70
RS FHERZIE TR A A INERE
Table S Bullet accelerations at characteristic times under different working conditions
25 A I AC) s
1=2.94 ms t=3.49 ms t=4.04 ms =4.12 ms =4.20 ms t=5.10 ms =6.00 ms
0 78336 94929 110507 109684 108052 53903 32037
30 76957 92420 109887 109008 108389 54387 33754
60 76354 91012 109072 109656 109000 54724 34373
90 75619 90273 107845 110463 110569 54871 34562
120 75081 89268 106811 108438 110787 55036 34771
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Fig. 16 The pressure gradient cloud image of each condition on the origin xz plane after the bullet movement
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