$39% 46 w5 o & Vol. 39, No. 6
2019 4 6 J EXPLOSION AND SHOCK WAVES Jun., 2019

DOI: 10.11883/bzycj-2018-0094

MM BRI =% SR B H B A IKE G

PER, AEE KR PR
(1. T RRRFEIS TR, Wt 2 430033;
2. 91267 #RBA, R M 350000)

WE: ARG AR I 2Zs h BTE 5 A K S 338 19 A K By Be, H R Bl AG O (0K 52 80 0 s Al 2R v vk R, AR
SCEF X% 55 5 Wagner B 1) 45 A4 (48 A K 2t T B AR UK R AR A 35 3R IR = 2 T sl A B0, BT R EOR T
FE AR SR AL, 25 bR R M, SR I e i SR8 B S5 R0 TR 2 il R AT 4 Be A T, T B A K G AR R AR
SR S RET I, AR R Btk 7 E, X R R A R T A BB A K G R T AR O = ARV AT T IR T, T
T EEF IO R ORI L I A A R R O A v A K R A T SR A, 5 T 2 A AT B RS M H RRBL T
A BT AL HEAT T3 BAr BT, B0 E TR IR AT AT M o BT AR A, A SCHE— 25 AR BT T A K B A (4 3 1)
BHZ . % AR T — b 5 5 b A e g 3o A 7K 2 A 1) S B, LA — o 1) 3 3 SO AR I R

KB WIPEBRAR; = 40K, B SR ER s Id IS B S

FESES: 03534 EfRFERAEE: 13015 XHEREE: A

K ETRHL MR AR R KRS AOK IS AR M AOK RIS, A3 T2 BN RS, AR ) 2 4
AP EENA . [ 1929 4F von Karman $ H ZUF 77, R I3l e B ARIE AR LUK SR A K 2
AT S, Wagner!" ¥ von Karman R A HEAT T H N TRARBOHES:, IR EDK R TE, S il 72T /)
BRI R ARFEE . May S22 87 1T KBTI AR T S 45 A, 75 T H9ER A KRB 9 A K 3
i 4. Korobkin %51 2 [R A5 A f) #7545 — NI A) A N B8 SesR M 45 M PR32 0, i ARG 45 K R T
T3 A SR ALY, S — Pl BER S BT 074k o 5% T A KW 3 45 H R 28 Ay 1] A0 ) B8 BF 5 A 5
11 Wagner #77t VT FCT (DA BRI, 2% FHE 32 2T X AT 258808 4RSS PRI A KA R, 2530 1A = 4 3 sl e
BRI, T35 AMBIE REOHZINEHATBIES ROGESEC T E K gAY 52 1N A i ERK SR
IR T A A A R A6 I P A A D B B 18 SR A A K AT, I TR B SR LA 2y
60 m/s JH A KA o A0 AR R = 4k e AR LM A al T8 S S T IE IR IE T A BROK TR AR
b T B A 14 A8 i) AR P ek PR AT, 6t % R 5 A il g B 19 3 L AR AR ACOK AT T AL

W B 7 vk B9 D JE O AR R D 2l Tmg et g W2 P, TR b DR A2 2 U 8l PR 7 LA g e, T i S0
Ly PN A 10 AR Al RE T AR B (B 5 V6 X AR A A K REREAT 1 5 B, JF X A K A AT T
S3HT e Oger S SR FYGHE R T MR 3 712405 1 (SPH) , 3 B AK e B8 rp A i vl HE ik, 58 T VR 7
WP BB TR T o B BB vk B REA A DR IR 73 () TR DL, {ELXS T A 5 il B AR ot ik — B
R AW . RSO FEE S R BRI L 160~240 m/s (19 38 5 3 1 AUK, AR RE shig — A e #
B8 AR Bl , ELASR 2 I ) AR R, 8 7K T ) O 1 52 30 L oy 3O PR AN, I 7 A iR sl ol T A K BT A
R L3552 I B8, 3 A P R AR PV T8 T 2 o TS mT e 4, {ELRG 2% L3, A /DN 2
8 A T T A B A AT TR A MR AR D, A TERE A W] R SR U SR A4 BE Al b, SR ot Atz 3 AL
D78 B I AT oy BEM T, TE R AOK S R R R SR S RERR , AR RE ST AE, 6 KPR R R TR B AK
PR 0 =2 iz S AT oA, SR KPR ER PR A K 7 8 2T

« WEEEHEA: 2018-03-22; &[E HEA: 2018-08-10
F—EE: INEM(1991— ), B, L5, 751513324@qq.com,

063301-1


http://dx.doi.org/10.11883/bzycj-2018-0094
http://dx.doi.org/10.11883/bzycj-2018-0094
http://dx.doi.org/10.11883/bzycj-2018-0094
http://dx.doi.org/10.11883/bzycj-2018-0094

539 4% 15 743 5 i i %6

1 RIMEREEENKNETE
A R A 7 A K 0 0 e 20 03 7% 2 P a0

Rigid sphere

Bl 1R,

X —ANCABUE v, 7E Z 7 ) bz 3y M
SRIRSEBE, 9 T SR 0 A KR, BB B S 1 Water sartuce
HghJre i fe o MR AR W05 — e A, MIPEERIR A9 3) .
g L WIPEBRR AL B

Fig. 1 General view of the rigid sphere’s location
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Three-dimensional vertical free high-speed water-entry impact of rigid sphere

SUN Yusong', ZHOU Suihua', ZHANG Xiaobing', SUN Yuming®
(1. Academy of Weaponry Engineering, Naval University of Engineering, Wuhan 430033, Hubei, China,
2. Unit No.91267, Fuzhou 350000, Fujian, China)

Abstract: At the initial stage of water entry, the water surrounding of the rigid sphere will show strong
nonlinear characteristics. However, there are no exact three-dimensional effects in impact problem within the
Wagner theory. Based on the non-viscous incompressible flow model, this paper considered fluid elasticity,
used the micro boundary motion equivalent method to analyze the moving boundary, and based on the theory
of energy conservation, which considered the loss of kinetic energy, analyzed the three-dimensional flow of
the fluid around the rigid sphere during high-speed water-entry vertically, then established the analytical
model which can calculate the water-entry impact of rigid sphere, and the analytical model is verified by an
FEM model of multi-material ALE method. Base on the analytical model, this paper also analyzed the
influencing factors of impact. The analytical model provides a fast algorithm for calculating the high-speed
water-entry impact of structure, and has certain theoretical significance and engineering application value.
Keywords: rigid sphere; three-dimensional water-entry; impact; theory of fluid elasticity; microboundary
motion equivalent method
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