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Comparative study on the evolution patterns of shaped charge jets
with different materials in air and water
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Abstract: Research on th¢ underwater motion of shaped charge jets (SCJs) remains limited, leaving the evolution patterns and
influencing factors ofijét velocity and morphology in this medium insufficiently understood. Furthermore, established kinematic
equations describing jet motion in water remain scarce. To address these gaps, a combined numerical and experimental approach
was employed to investigate the evolution behavior of jets formed from five distinct metallic liner materials—aluminum, titanium,
zirconium, iron, and copper—in both air and water. A three-dimensional Arbitrary Lagrangian-Eulerian (ALE) model of jet flight
was established based on ANSYS finite element software to investigate the velocity and stress variations of jets in air and water.
Concurrently, an experimental platform for jet flight was constructed, and the dynamic evolution processes in both media were

recorded using high-speed imaging. The results demonstrate that jet velocity undergoes significant and rapid attenuation in water,
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decreasing by approximately 80% within 4 times the standoff distance, and the attenuation rate is negatively correlated with
material density. Moreover, based on experimental and simulation results, combined with hydromechanics theory, a mathematical
model was developed to predict jet velocity attenuation in water, achieving a Mean Absolute Relative Error (MARE) of 9.8%.
Based on this model, the primary material factors influencing the jet velocity attenuation process are identified, with the weighted
influence ranked as melting point, strength, and density. Additionally, the density, strength, and plasticity of the liner are the key
factors governing jet evolution behavior in water. Specifically, high density and high plasticity effectively enhance the jet's
fracture resistance and significantly delay its dispersion process. Notably, the resistance force acting on the jet tip in water can
reach up to 2000 MPa, which intensifies jet fracture, leading to an increase of over 41.4% in the degree of jet dispersion compared
to that in air. Furthermore, water significantly inhibits the oxidation energy release of the reactive materials via oxygen isolation
and cooling effects, rendering their energy release characteristics similar to those of inert materials., Phese findings elucidate the
influence of material properties on jet deceleration, fracture, and dispersion in water, providing“a theoretical basis for the
optimized design of underwater shaped charge warheads.

Keywords: shaped charge jets (SCJs); underwater environment; liner material; velocity, atteénuation; morphological evolution;

numerical simulation
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Fig. 1 Shaped charges with different liner materials
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Fig. 3 Experimental setup for jet flight tests in water
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Table 2 Material parameters of liners

MR pol(g-em?) Co/(m-s™) S % A/MPa B/MPa # C m T/K
Al 2.70 5240 149 197 67 109 0:23~_.0.029  0.50 993
Ti 4.50 5220 077  1.09 277 895 05M)/ 0060 060 1923
Zr 6.53 3757 .02 1.09 283 338 048 0027 100 2125
Fe 7.86 4600 149 2.02 440 510 026 0014 103 1808
Cu 8.96 3940 149 2.02 85 308 0.54  0.025 109 1356

= 38701 MEH B
Table 3 Material patatietets of 8701
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Table 4 Material parameters of water and air

A5 pol(g-cm3) Co/(m-s™) S S, y Cs Cs Ey/Pa
St 0.00129 £ - - - 0.4 0.4 2.5%10°
K 1.0 1480 1.92 -0.096 0.35 2.9x10°
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Fig. 6 High-speed camera images of jets with different liner materials in air
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Fig. 7 Schematic illustration of the relationship between the jet and the observed @ion
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Fig. 8 Numerical simulation results of jets with different liner materials in air
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Table 5 Relative velocity loss of jets in air based on numerieal’'simulation
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(a) Compressive stress

(b) Tensile stress
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Fig. 13 Stress distribution within jets in air
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Fig. 14 Impact point distribution of jets on the target with different liner materials in air
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Table 6 Statistical results of jet dispersion diameters in air

PR 2 HUIX S E A7 /em
Al 13.51
Ti 14.60
Zr 15.39
Fe 16.31
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Fig. 15 Temperature field distributions of jets with different liner materials in air
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(a) Al
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Fig. 16 High-speed camera images of jets with different liner materials in water
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Numerical simulation results of jets with different liner materials in water
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Fig. 18 Displacement curves of jets liner materials in water
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Fig. 19 Penetration velocity curves of jets with different liner materials in water
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Fig. 20 Schematic of the relationship between jet flight velocity and penetration velocity in water: (a) flight velocity, (b)
penetration velocity
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Fig. 21 Simulated velocity and acceleration profiles of jets as functions of displacement with different liner materials in water
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Table 7 Relative velocity loss of jets in water based on numerical simulation

R FHXH S FE 152/ %
Al 91.8
Ti 84.5
Zr 77.8
Fe 82.8
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Table 8. Summary of fitting parametets for'the modified jet velocity attenuation model
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Fig. 22 Comparison of simulated and predicted velocity attenuation for underwater jets with differeht liner materials
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Table 9  Statistical results of jet dispersion diameters in water
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