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Ballistic characteristics of oblique water-entry of projectiles
with different attack angles
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Abstract: In order to analyze the impact attack angle on the oblique water-entry performance of projectiles,
the oblique water-entry tests of a projectile under multiple conditions were carried out based on the high-speed
photography technology. The effects of the attack angle on the cavity evolution and motion characteristics of
the projectile were studied. Based on finite volume method and overlapping grid technology, a numerical
method for oblique water-entry of projectiles was established. The water-entry stability and force charac-
teristics of the projectile were compared and analyzed with the attack angle set as 0°, £0.5°, £1.5°, £2.5°, and
+3.5° respectively. The reliability of numerical simulation was validated by comparing the simulated results
with the experimental results. It is shown that when the attack angle is positive, the projectile will deflect
counterclockwise and deviate upward, while it will deflect clockwise and deviate downward when the attack
angle is negative. When the attack angle is zero, the projectile motion is stable, and the simulation results

under the same condition are consistent with the experimental ones. With the increase of the absolute value of
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the attack angle, the absolute value of the deviation and deflection of the projectile presents an increasing
trend simultaneously, and the time of the tail-slapping of the projectile is gradually advanced. When the
absolute value of the attack angle is the same, the first tail-slapping of the projectile occurs earlier when the
attack angle is less than 0°, and the water-entry stability of the projectile is worse. Influenced by the attack
angle, both the drag and lift of the projectile will shock violently at the early stage of water-entry. With the
increase of the attack angle, the lift of the projectile presents a decreasing trend, while the drag is not
significantly influenced by the attack angle, except that the drag is relatively large at attack angle of —3.5 °.

Key words: oblique water-entry; water-entry experiment; numerical simulation; water-entry attack angle

disturbance; motion characteristics
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Fig.17 Influence of initial angle of attack on forces acting on projectile
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