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Abstract: During the high-speed water entry of a projectile, cavitation occurs, forming a cavity bubble that alters the flow field
and subsequently affects the projectile’s motien stability. Our study investigates the characteristics of flow field changes after
double-cone projectiles with different head/cone ‘angles traverse the free surface. High-speed water entry experiments were
conducted by using an electromaghetic launch device, and a numerical simulation model of high-speed water entry was
established basing on the overset'mesh ‘technique and the VOF multiphase flow model. The validity of the simulation model
was verified through experiments, and“the flow field characteristics after the vertical water entry of projectiles with different
head shapes were obtained. The research findings are as follows: After the vertical water entry of a double-cone projectile, the
cavity bubble deytleps symmetrically. Following surface closure of the cavity bubble, its total length increases while its
maximum width/gradually decreases. As the head cone angle of the projectile's cavitator increases: during the initial entry
phase, the closure point’and wetted surface position move closer to the tail; the cavity contour becomes wider; the resistance
experienced at the moment of entry and during underwater motion increases, leading to faster velocity decay; the time of
surface closure for the cavity bubble is delayed. At the same moment during underwater motion, the length of the tail cavity
bubble is longer, while the length of the vortex structures within the water domain is shorter.
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Fig. 9 The displacement and velocity variations of the test projectile during water entry
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BT A AR AT U B Rl N KB 5, SRR AR AT 110 m/s, AZKJEAEN
HHEEE), AFSEA AN KIZSIT I 2 A LT B 120 75 RASR A4Sk B Kk i 20 £ 22 it %10,
WEEH] 16 ms foh Nk B2 e kB &, FRIGE I RARRT, 48 ms J5, HAKIZHIKIRIEE] 5
m, BB AR LA TS B EAPIRD, FRR IR UG, 08 R B A F IR

12



mOE 5 &
Explosion and Shock Waves

Volume Fraction of 7K

ILDOGO

0.80000
0.60000
0.40000
0.20000

0.0000

Oms 8ms 16ms 24ms 32ms 40ms 481Ins
12 RN KIZ SR
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Fig. 17 The initial cavitation change process of projectiles with different head shapes during water entry
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Bk, 6ms N ZIFAATE A NKIG, 60° HESLIRA 90° HESL UL B B I KaE e REIR. | fisoiias, F
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Table 1 The maximum width of the cavitation at the initial stage of each projectile entering\the water at different times

Ims 2SI H K

FAR LR 2ms (mm) 3ms (mm) 4ms _(mim) 5ms (mm) 6ms (mm)
B & (mm)
60°%E Sk 64.10 75.71 106.06 110.89 116.66 123.25
90°%E 74.37 89.45 103.19 114401 120.42 124.90
120°4fE 3k 82.98 103.82 114.55 126.38 134.49 136.10
150°%E 3k 86.88 106.97 120.82 133.87 138.11 147.02
Fk 90.16 110.06 125.19 137.44 144.93 153.83
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Fig. 18 The curve of the maximum cavitation width variation at the initial stage of the projectile entering the water
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Fig. 19 The pressure field of the projectile with different head shapes after entering Water for 6ms
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Fig. 20 The flow field characteristics of projectiles with different head shapcs,after'entering water for 24ms
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Fig. 21 The flow field characteristics of projectiles with different hea after entering water for 48ms
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Fig24 Pressure changes at the head vertex
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Table 2 The velocity and pressure variation of the projectile after entering the water

oy AJK 5Sm JE 43 EERERL () K BR8] S 38 T ANJK Sm e Sk
(m/s) WA K F7 (MPa) TS 7] (MPa)
60°4E Sk 99.3 10.7 5.1 3.47
90°4E Sk 103.5 6.5 7.7 4.58
12004 3k 101.9 8.1 12.6 5.08
15004k 3k 100.6 9.4 17.9 5.17
-3k 99.5 10.5 22.7 5.09
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