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A method for calculating underwater explosion shock
wave parameters of slender cone-shaped charges
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Abstract: In order to estimate the underwater explosion shock wave pressure of slender cone-shaped charges and to study the
characteristic of long duration shock waves, an engineering model based on the superposition principle was proposed. Cone-
shaped charges are usually used to simulate the far-field shock wave of large equivalent explosives, and the wave strength is
generally on the order of MPa, which can be regarded as a weak shock wave, so the problem can be simplified based on the
acoustic approximation assumption. Based on the above analysis, the cone-shaped charge is divided into several small charges,
and then the shock wave pressure generated by each small charge in the water is superimposed according to the propagation
order of the detonation wave to obtain the shock wave pressure curve of the whole cone-shaped charge. The validity of the
model was verified through experimental results. Then, the transmission characteristics and the pressure profile of the shock
wave at different azimuths of the cone-shaped charge were analyzed. The results show that the shock wave is anisotropic

around the charge. Long duration, low amplitude shock waves with a thick wave head are generated at the detonation end.
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Exponential decaying shock waves with high amplitude are formed on the side of the charge, while on the opposed side of the
detonation end the amplitude and duration of the shock wave are between the former two. The differences in the shock wave
distributions between the cone-shaped and spherical charges are related to their shapes and detonation methods. Due to the
differences in the explosion initiation times of different parts of the explosive charge, the superimposition effect of shock
waves at different azimuths is obviously different, which result in an anisotropic pressure field. The proposed method is in
good agreement with the experimental and numerical simulation results, which can provide reference and basis for the power
and damage assessment of the underwater explosion shock wave of the cone-shaped charges.s of cone-shaped charges.
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Fig. 1 Construction of a cone-shaped charge
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Fig. 2 Fit of the shock-wave pressure profile by exponential models
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Fig. 4 Structures of slender cone-shaped charges
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Table 1 Geometric parameters for the slender cone-shaped charges

B o) [,/mm L,/mm d,/mm d,/mm dy/mm Wikg
AR 24T 2000 35.9 71.8 75
WU 254 300 1200 275 55.0 82.5 7.8

x2 HERKAGEMHSH

Table 2 Material parameters for the slender cone-shaped charges

c/(km-s™) @, @,

B pl(kg-m™) D/(km-s™)
118 —0.185

6.9 1.5

TNT 1580
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Fig. 5 Measurement of underwater shock waves induced by a cone-shaped charge
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Fig. 8 Comparison of the peak pressures at 3 m from the centers of the cone-shaped charges (three-dimensional amplitude plots)
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Fig. 9 Distributions of the peak pressures at 3 m from the centers of the cone-shaped charges (polar coordinate plots)
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