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Fig. 2 Development of vertical water-entry cavity of sphere
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Fig. 5 Development of vertical water-entry cavities of spheres with different entry velocities
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Fig. 6 Motion parameters for spheres in vertical water entry with different entry velocities as well as drag coefficients
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Fig. 7 Development of vertical water-entry cavities of spheres with different wetting surfaces
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Fig. 8 Motion parameters for spheres in vertical water entry with different wetting surfaces as well as drag coefficients



%2 PS5 - BRI A K 55 3 52 48 BF 5 179

M8 Cad (6 #% 1 26 T LU o A K S A (] — IR 220 3 T8t 38 Bk O 7 155 D7 1) 1) 92 8% B I /DN 1 3 il
THRERK , ELW 3% 22 ) 10 22 BB A A K TR BE RS Inmi g o . 181 8(h) (181 8 (o) M 8 (D 23l 45t T 2
Fof R A5 BRA A S B2 ik 88 AN BE g DA A8 A it £, TT LU HY 2 Bl 25T SR A B8 R RN 2 Y
e S TR] 5L 3R T 9 0 IR R R T 7K A9 S 1) o 32 A A R e i U 5 R T T AR R AR g

HE— 25 4 1 8 Cd) BEL ) PIBCRT LU M 5 2 TV W A BRR7E A K G B2 e g BEL T R BSOS R, R, 7
TR PR A K T BT 3 Tt R AT AR B A A K 52 380 10 2 P B ) A T R I R

3o DA X 2 TRT T 440 AR 2 TRT 3 3 R A T A KB X IR SIS BIF A I T AR SCSE G A0 I A K R E
T ST R AR A K 3 U0 A A iR A WY B R R — 25 5 e R A KOS BT A2 B IR R AR T D B
LATAFERAR A K G 12 30 2 BORBH ) DB A8 AL LA 2 R B — 2 i 25 57

X ERPRTE B A K R RETT & T SE8e 058 70 A7 1 BRI A K 253 B8 B R e PG Bt Kad . B
F W] BRACTE A TK A R I 52wty EE ) R K ) A 2 A R B s A5 I AR R M A I 2
Az 2 W7 1) AR S R e T A AL S O R S v T BR AR A ] — Ik 2 9 32 Bl

3BT T A0 N K A AR THT i R 25 R A T LA K A U U Bl B R L 2 SRR T D AR A K G X
ATRZE W T A AR R RS2 00 B A K B8 B2 /N T — 5 I B A KR A BE 7™ A 25 36 s BRIRTE K T 132
NS HAA BOR A AR MR AR B AR IR I A B A PF T L BRI 1942 30 2 Both L EE 7 [
Hoth 2 BA WY RISl . AEA SO EG b B0 AR A K B A5 AE T R SR D W 9 X A K 2 1 T B A
TR T 5 28R ER AR  BRARTE A K G A v o s B PR, BTy DR B R

SR

[1] Worthington A M, Cole R S. Impact with a liquid surface studied by the aid of instantaneous photography: Paper II
[J]. Philosophical Transactions of the Royal Society: Series A, 1900,194:175-200.
[2] Gilbarg D, Anderson R A. Influence of atmospheric pressure on the phenomena accompanying the entry of spheres
into water[ J]. Journal of Applied Physics, 1948,9(2):127-139
[3] Richardson E G. The impact of a solid on a liquid surface[J]. Proceedings of the Physical Society of London, 1948,
61(4):352-366.
[4] May A, Woodhull J C. Drag coefficients of steel spheres entering water vertically[J]. Journal of Applied Physics,
1948,19(12) :1109-1121.
[5] May A, Woodhull J] C. The virtual mass of a sphere entering water vertically[ J]. Journal of Applied Physics,
1950,21(12):1285-1289.
[6] May A. Effect of surface condition of a sphere on its water-entry cavity[ J]. Journal of Applied Physics, 1951,22
(10) :1219-1222.
[7] May A. Water entry and the cavity-running behavior of missiles[R]. ADA020429, 1975.
[8] May A. Vertical entry of missiles into water[J]. Journal of Applied Physics, 1952,23(12):1362-1372.
[9] Miloh T. Wave slam on a sphere penetrating a free surface[J]. Journal of Engineering Mathematics, 1981,15(3);
221-240.
[10] Miloh T. On the oblique water-entry problem of a rigid sphere[J]. Journal of Engineering Mathematics, 1991,25
(1):77-92.
[11] Miloh T. On the initial-stage slamming of a rigid sphere in a vertical water entry[J]. Applied Ocean Research,
1991.,13(1) :43-48.
[12] Truscott T T, Techet A H. Water entry of spinning spheres[J]. Journal of Fluid Mechanics, 2009,625:135-165.
[13] Truscott T T, Techet A H. A spin on cavity formation during water entry of hydrophobic and hydrophilic spheres
[J]. Physics of Fluids, 2009,21(12):1703.
(141 WA KBRS aAR. BE 5% 3L A K R BILAERELT ] B RE 5 i . 2005,25(4) :341-349.



180 DS 1 5 et i %34 B

Gu Jian-nong, Zhang Zhi-hong, Fan Wu-jie. Experimental study on the penetration law of a rotating pellet ente-
ring water[J]. Explosion and Shock Waves, 2005,25(4) :341-349,

(151 2R, 207, =i, 5 AR T A KRB R BCE RIS [T ). e 5 i . 2007,27(4) :319-324.
Li Xiao-jie, Jiang Li, Yan Hong-hao. et al. Numerical simulation on low inbreaking handgun projectile drilling
through the water[J]. Explosion and Shock Waves, 2007,27(4) :319-324.

[16] skAh, ST, 1 iRk, 55, S0k A KR PE 230 B oe L) ], #3805 oiidi ,2011,31(6) :579-584.
Zhang Wei, Guo Zi-tao, Xiao Xin-ke, et al. Experimental investigations on behaviors of projectile high-speed wa-
ter entry[J]. Explosion and Shock Waves, 2011,31(6):579-584.

(171 fld5¥ . LR frez b, S5 BAERAR R A K 2 Ml s w5 [) ). #3444, 2012,61(13) :4701.
He Chun-tao, Wang Cong, He Qian-kun, et al. Low speed water-entry of cylindrical projectile[J]. Acta Physica
Sinica, 2012,61(13):4701.

[18] Truscott T T. Cavity dynamics of water entry for spheres and ballistic projectiles D]. Massachusetts: Massachu-

setts Institute of Technology, 2009.
Experimental investigation on vertical water-entry cavity of sphere”

Ma Qing-peng', He Chun-tao’, Wang Cong',
Wei Ying-jie', Lu Zhong-lei', Sun Jian'
(1. School of Astronautics, Harbin Institute of Technology, Harbin 150001,
Heilongjiang , China;
2. Beijing Mechanical Equipment Institute, Beijing 100854, China)

Abstract: Experimental investigations and analysis were carried out on the vertical water-entry of the
spheres. The development process of the cavities induced by the vertical water-entry of the spheres
was discussed including the formation, open, closure and collapse of the cavities. The influences of
the water-entry velocities and surface conditions of the spheres on the cavities were experimentally ob-
tained. And the displacements, velocities, accelerations and drag coefficients of the spheres during the
water entry were analyzed. The investigated results show that the motion parameters of the spheres
present highly nonlinear characteristics. And there are obvious fluctuations of the motion parameters
and the drag coefficients during the closed-cavity phase if the water-entry velocities are high.
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