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Fig. 1 Schematic of the experimental setup
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Fig. 2 Geometry of the blunt body shapes
T THAER 1 A A LR A KA 59~62 ecm™ , Bl 3~9 A T4 T.00F AKS A =
B M AR L 500 s AHAR 2 M IR OR Z 18] i I ) ] B R 2 ms, R E A DS SE R A5 R
3 M7 RH G B8 23 1  3h A AR



%53

T LT, A5 ¢ Bl A AR R I T o A K IS Y 2 O 3 R S R T 619

£1 FAIRTHEREH

Table 1 Experimental parameters in different cases

T 3 A4 po/MPa o/ (%) m/g v /(mes ')
1 I3k 0.3 18 3.5699 14. 64
2 B 0.3 18 3.4458 9.58
3 BEk 0.2 18 2.9928 6.29
4 BHEk 0.3 18 2.9928 12.24
5  RB&k 0.5 18 2.992 8 35.35
6 BEk% 1.0 18 2.9928 82.76
7 Rk 0.3 18 3.3059 14.19
8 ko FHAmE 90 18.1313 4. 425
9 Bk EHmE 90 17.5808 4. 560
10 Rk FEAmE 90 17.0503 4. 545
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Fig. 3 Oblique water entry of the blunt body in case 1
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Fig. 4 Oblique water entry of the blunt body in case 2

Bl 5 T8 4 o b Bl A At A K

Fig. 5 Oblique water entry of the blunt body in case 4
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Fig. 6 Oblique water entry of the blunt body in case 7
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Fig. 7 Vertical water entry of the blunt body in case 8
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Fig. 8 Vertical water entry of the blunt body in case 9
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Fig. 9 Vertical water entry of the blunt body in case 10
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Fig. 10 High-speed water entry of the blunt body in case 6 Fig. 11 Low-speed water entry of the blunt body in case 3
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Fig. 12 Deep closure and surface closure of the cavity
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Fig. 13 Comparison of displacement and velocity after water entry among the blunt bodies

with different initial velocities
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Fig. 15 The cavity contours by current experiment in case 3 and Logvinovich’s theory
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A S R IS R AR A K B 3 L K B Y Sk B 0 Bk B A IR AT T BT F ST TR L
LTRSS KSR 2 BRI R . G580 « (1) Sk B El A A K 23 30 14 508 S8 SRR
TR TR BURN A K B 3 A K B 5 Sk RISk 59 SR BE T UE AR AE 9 A K 3E |, B Sk 19 Sk A 1Y
AJK B BATRRE o (2) ATKA) b 3 J3E Xk A 7K 490 4y 5L T A R P4 2 0 A ) S (ELAS ) 400 46 o 32 25 0 A 1A
07 AN [ R0 e o B2 SRR I A K 2 3 9 BT 4 D7 O TR B AT 45 00 T B8 40 I ALK 25 3 1 AT 45 D7 5K
SRR o (3) AN [R) A0 ik 3k JEE T Sl A 3k 32 0 I P I S Dk T L 0] e 3 R A S e JRE o D A5 A R
(AR THBURE A KB 23 30 5 JFG 2 60 i30S AN A B0 — 1 5 T Bl ok ik A A0 B A 5 X 7 2 L ACOK 9 23 3L Bl A
P8 Sk B AN A 23 5 i) 25 30 B S B a3 L L 2 R A 25 BT S RN

S 3R

(1] 3P At Al o 2 0 5 s F e 2R [T, A H 7 T . 2008, 28(4) : 13-14.
Wei Ping, Hou Jian, Yang Ke. Summary of supercavitating projectile researches[ J]. Ship Electronic Engineering,
2008,28(4):13-14.

(2] G2, % 5 . v 4 v R el 2 A0 s (M. G 8 - i L BR 2 B R R 2% i ikt . 2014 :156-247.

(3] A DU 8 R B, Sk AR TR 4R X 7K B A K A7 B 7K T 550 T8 5% o A B5ME 4 040 A LD ). R AL 22 B R L 2010, 32
(10):104-107.
Shi Han-cheng, Jiang Pei, Cheng Jin-fang. Research on numerical simulation of mine water-entry impact accelera-
tion and underwater ballistic trajectory under the different mine’s head shape[ J]. Ship Science and Technology,
2010,32(10) :104-107.

(4] A B2 ROROK T aas RGEM BRI ], ©HU S #1,2007(12) : 11-14.

(5] BRISE. MALAKZS SRS wF o2 L) ). B HE 5w i . 1985,5(4) 1 70-73.



624 DS 1 5 et i %35 %

Chen Xian-fu. Experimental studies on the cavitation phenomena as a pellet entering water[ ] ]. Explosion and Shock
Waves, 1985,5(4):70-73.
[6] Shi H H, Itoh M, Takami T. Optical observation of the supercavitation induced by high-speed water entry[]].
Journal of Fluids Engineering, 2000,122(4) :806-810.
[7] Truscott T, Techet A, Beal D. Shallow angle water entry of ballistic projectiles[C]//CAV2009;: The 7th Interna-
tional Symposium on Cavitation. Michigan, USA: Ann Arbor, 2009.:1-14.
[8] Logvinovich G V. H it F st gh ik 3l 2 [ ML i L0 , 3. bl . b 5038 R At , 2012 97-111.
(9] MR LM, H1F T 55, KT8 2 M A 258 AT ) BOR G 52 30 BIF 5 [ . Wi T8 R % %441 2013, 30(2) 1 218-
223.
Zhou Su-yun, Shi Hong-hui, Hu Qing-qing. et al. Development of horizontal supercavity generating facility and
relevant experimental study[J]. Journal of Zhejiang Sci-Tech University, 2013,30(2):218-223.
(100 #AFESE. A A T A A KR 1088 28 10 I 2l 1 52 30 W48 R BB 55 (D, AT - 8 V8 TR 2%, 2014 75-82.
(11] WELLwE. JA R = WIR M, 55, K P 25 B el T A B AR TG 92 30 28 . P [, Z1L.201210155061. 6P, 2014-04-
16.
[12] i sk B SR A KB TR 9 gk [T ], 18 25 TR K244, 2000,12(1) 1 18-23.
Gu Jian-nong, Zhang Zhi-hong, Zheng Xue-ling. A review of the body’s water entry ballistics research[J]. Jour-
nal of Naval University of Engineering, 2000,12(1) :18-23.
(131 Ml 5% . T Ml sz, 45 BAE RAR R A K 25 M e i 5 L) ). W34 4R . 2012,61(13) : 134701.
He Chun-tao, Wang Cong, He Qian-kun, et al. Low speed water-entry of cylindrical projectile[J]. Acta Physica
Sinica, 2012,61(13):134701.
[14]  E#lRF. 2 fh it R 2 4b 6 i 3l 38 Ko JH M. db 5t - B B7 Dol ik, 2009 :1-56.

Experimental study of supercavitating flows induced by oblique
and vertical water entry of blunt bodies

Shi Hong-hui. Hu Qing-qing, Chen Bo, Jia Hui-xia
(School of Mechanical Engineering and Automation, Zhejiang Sci-Tech University ,
Hangzhou 310018, Zhejiang, China)

Abstract: Small-angle oblique and vertical water entry experiments were carried out to observe the su-
percavitation generated by the blunt bodies with different initial velocities. The development features
of the supercavitation in different cases were analyzed. Experimental results show that for small-angle
oblique and vertical water entry, the the round-head and flat-head (disc cavitator) blunt bodies can
form stable trajectories. When the initial water-entry velocity is lower, the closure mode of the cavity
is deep closure. When the initial water-entry velocity is higher, the closure mode of the cavity is sur-
face closure, and its speed decay rate is larger. For the supercavity generated by the small-angle ob-
lique water entry of the blunt bodies, the front part of the supercavity contour is in agreement with
the result by G. V. Logvinovich’s semi-empirical formula. For the vertical water entry of the blunt
bodies, the influences of the head shapes were discussed on the beginning points and morphologies of
the supercavities.

Key words: mechanics of explosion; supercavity morphology; oblique water entry; blunt body; veloci-
ty; free surface
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