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(a) Schematic diagram of ogival projectiles (b) Headforms
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Fig. 1 Schematic diagram of ogival projectiles with different headforms
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Fig.2 Computational domain and boundary condition Fig. 3 Meshing result

1.6 MBI XMEIESAMMERIE

R SRS BE , AT B E T 3 M [) 6 BE A RS BEAT JC O PR SGIE . 3T R JE 3R $h A5 F 3
TETRLIRS . A o0 A FZ0 0 A, IS LA 310R 1.96x10°, 2.51x10°, 3.32x10%, 143045 2 1) B . 1
AIKTT 1) B AR A AN P 4 Fie 7, DKL A 210 Fp A 9 728 Aol e v, 5k ot 2 9 728 AR AR IR, 7R 22 M [

105102-4



9540 % FRIGEAF AN [7) Sk R BT 38 o A K 28 M8 AL 503 SR A A B (B AT 5 10 3]

N o ARSI B 240 19 A% I, 3 RE 2k Y R REJLF
LI o LR BT RCR BN B, 1
H AR AT SR 2T

N T B A B 5 A(E TSR R (0 A ok, R
FHSCHR [27] v S 86 15 R R AT B TSRO F A7
FE R 2B BRI 45 4 000l ~— oarse mesh
-3k SO0 A, BARSY 6 mm, Ky 24 mm, [ — Fine mesh
K0 4.88 g, T P AKEEE K 106.8 mis. fHEDISS 1008l . .
S5 30K [27] HEAT X H, WP S R, Fo, Bl ° R »
BREALLR TR TR RO | 4 8 | 3 EA K 5 R
SR [27) B A 36 m B HEERG A T

ig. 4 Velocity curves with different mesh number
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Fig. 5 Comparison of velocity, displacement and cavity shape for a cylinder with vertical water entry
by experiment®”! and numerical simulation
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(a) Experimental (b) Simulation
Bl6 B R A K SR AE A0S L

Fig. 6 Comparison of experimental and numerical simulation results with projectile high speed water entry'**
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Fig. 7 Early cavity evolution process of the projectiles with different headforms
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Fig. 8 Later cavity evolution process of the projectiles with different headforms
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Fig. 9 Schematic diagram of cavity length evolution
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Fig. 10 Schematic diagram of vapor phase distribution in cavity of different head shape projectiles
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Fig. 11 Schematic diagram of pressure field distribution of different head shape projectiles
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Fig. 12 Schematic diagram of vortex structure evolution of different head shape projectiles
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Fig. 13 Velocity curves of different head shape projectiles
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Numerical Investigation on Cavity Evolution and Motion Characteristics of
High Speed Water Entry Ogival Projectiles with Different Headforms

ZHENG Xiaobo, SONG Haisheng, ZOU Daoxun, YAO Weiguang,
LI Teng, GUI Yulin, HE Yu, CHEN Yonglong

(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: At present, the trans-media weapon is one of research hotspot in the military field. Based on the

Reynolds time-averaged Navier-Stokes (N-S) equation, volume of fluid (VOF) multiphase flow model and

modified Realizable k-& turbulence model, a three-dimensional numerical simulation method is constructed

to study the cavity evolution and motion characteristics of ogival projectiles with different headforms during

high-speed vertical water entry. The influence of headforms on the cavitation evolution and motion

characteristics is also analyzed. The results show that the numerical simulation and experimental data have

good consistency in the evolution of cavity shape and motion velocity. The geometry of the projectile
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headform significantly affects the formation mechanism of the cavity and the motion characteristics of the
projectiles. The cavity of ogival projectile and double-cone ogival projectile initially appears in the shoulder
of the projectile, while that of cone-cylinder ogival nose projectiles starts in the head and quickly wraps the
entire projectile body. Combined with the analysis of the fluid pressure field, it is shown that a low-pressure
area appears on the double-cone ogival projectile, which leads to the slowdown of the projectile velocity
attenuation. The head of the cone-cylinder ogival projectile forms a typical high-pressure area, which leads to
the acceleration of the projectile velocity attenuation. In addition, the axial acceleration of the cone-cylinder
ogival projectile is more than twice that of the other two projectiles.

Keywords: headform; ogival projectile; cavity evolution; high speed water entry; motion characteristic
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