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Abstract: Based on the coupled Euler-Lagrangian (CEL) method, a fluid-solid coupling model of gunpowder gas-
barrel/cannonball-air is established. Numerical simulations are carried out on the launching process of large-caliber artillery
shells in low altitude (altitude 0 m), medium altitude (altitude 1000 m), sub-high altitude (altitude 3 000 m) and high altitude
(altitude 5000 m) environments, and the comparative studies are conducted on the influence mechanism of altitudes on the
dynamic evolution characteristics of muzzle shock waves. The simulation results show that the dynamic evolution process of
the muzzle shock wave has significant direction dependence. The peak pressure of the muzzle shock wave will decrease as the

altitude increases (namely the ambient pressure decreases), and the decrease of peak pressure is approximately linear to the
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change of ambient pressure . Increasing altitude will reduce the pressure peak of the muzzle shock wave for the same position
(same distance and direction). The lateral muzzle shock wave, formed at the muzzle brake, dominates the pressure peak in the
typical operating zone of the artillery operators (3—5 m behind the muzzle). The pressure peak value and effective action time
at different altitudes can cause damage to the hearing organs, and induce the threat to the non-hearing organs. Therefore, the
protection capabilities of artillery operators’ equipment is urgently needed to be improved, providing the effective protection
for the important organs, such as ears, eyes, lungs and brains.

Keywords: muzzle shock wave; fluid-structure coupling model; altitude; personal protection
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Fig. 1 Fluid-structure interaction model of gunpowder gas-barrel/cannonball-air
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Fig. 2 Dynamic evolution process of plane shock wave before cannonball
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Fig.4 Dynamic evolution of flow field velocity and pressure of initial shock wave
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Fig. 6 Dynamic evolution of gunpowder gas distribution, flow field pressure and velocity of muzzle blast
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Fig. 9 Distribution of gunpowder gas in the plain and plateau environments
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Fig. 11 Dynamic evolution characteristics of the muzzle blast along different orientations
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Table 1 Peak overpressure of characteristic positions in the typical operating zone of artillery operators at different altitudes

and the corresponding duration time of organ damage

A5 FFLERF ] /ms

(5273 FEHEAT E/m R {H /kPa
TS AT B
3.0 52.0 225 1.30
1% 4.0 27.9 3.25 0.80
5.0 20.2 3.00 0
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Table 1 (Continued)

PG 18] /ms

AR R L /m BRI /kPa
W e B AEVT A
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G 4.0 26.5 3.00 0.75
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i 4.0 23.1 2.50 0.50
5.0 18.4 2.75 0
3.0 337 2.50 0.90
5 4.0 222 2.00 0.30
5.0 17.0 2.75 0

®2 WOAER TSR ERRGEED

Table 2 Safety limits of human auditory organ damage risk under muzzle blast""

N ' 4 BR{E/KPa
A R 18] /ms
V3 3% 10% 50% 100% 300% 500%
1.6 12.30 8.84 6.16 3.80 3.09 222 1.91
3.0 10.18 7.32 5.10 3.15 2.56 1.84 1.58

F3 BOPER TR RERERGEED

Table 3 Safety limit of human non-auditory organ damage risk under muzzle blast”"
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