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Effects of Water Entry Angle on Cavity Characteristics of High-speed Sphere
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ABSTRACT: The work aims to study the evolution and motion characteristics of cavity during the high-speed water entry
process of the sphere to provide theoretical reference for projectile entering water or dropping torpedo into water. Based on the
experimental and numerical simulation, the formation, closure, collapse of cavity and motion characteristics of sphere during the
water entry process of sphere were discussed. The results showed that according to the morphological characteristics of the cav-
ity, there were four stages of cavity developing process, namely water-entry impact, cavity formation, cavity closure and cavity

collapse. During water entry impact, the pressure at the spherical head was the maximum. With the decrease of the water entry
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angle, the pressure of the spherical head decreased gradually. After closure of cavity, the cross-section area of the cavity de-

creased with the increase of the water entry angle. In the collapsing stage, a reentrant jet was generated due to the cavity clamp-

ing and the strength of the reentrant jet decreased with the decrease of the water entry angle. Especially, a reentrant jet did not

occur under 30° of water entry angle. Moreover, there was deflection of the underwater spherical trajectory when the sphere en-

tered water at different angles. And the degree of deflection decreased with the increase of the water entry angle. When the

sphere entered water vertically, there was no deflection. It is concluded that the water entry angle has great effect on the evolu-

tion process and motion characteristics of cavity in the process of high-speed water entry. The smaller the water entry angle is,

the larger the cross-section area of cavity after water entry, the larger the total flow drag coefficient C4, and the more serious the

deflection of the sphere’s motion trajectory.
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Fig.1 Water entry observation platform of sphere
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BE/)  BAE/(mes?)  HEE/(ms?) G/ (ms?)
30 —3 450 3 466 6917
45 -3 054 4215 7269
60 —4 743 5146 9 890
90 —6 289 5445 11735
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Fig.19 Experimental images and local pressure and velocity distribution pattern during cavity formation
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Fig.20 Experimental image and distribution pattern of pressure and velocity vectors during cavity closure
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Fig.21 Experimental image and local pressure distribution pattern during cavity collapse

HE—2 X ERIR A K G 19 23 W4T 34T L 430 22
T ERAAR ELAR A AR T AR R ] AR Al i 2, an &l
22 FE 23 i, XFECE 22 Hi & Ak & n A, Bk
TRV F A BE A KT R, FEZS i AT, i fRik 3]
RAE, HZs 3 BARBEE A KL R 38 S/ o
BRIR 90° AKJE, ZHIHAIAII BN 2.2D; 60°%8
AR ERN 3.03D, J& 90°%% @Eémlmm,
30°23 YU A & EHAR N 5.32D, & 90°23 i) 2.42 %,
EL I 23 Hpdy 25 Sk i 2 m ﬁ%Amﬁfﬁmﬁt

ZULSTHIE 9. 22, 35 ms R THIG . —IRICHit
R ZKBK . 7E 0~9 ms, 9~22 ms, 22~3 ms Hf,

23O T RS T3 in , (EL 388 fin s 25 45 AN AT 7E 9. 22,
35 ms B, XIas g BUA I KM, 35 ms 25,
BN ZS WASWT LA 5t K SRR A K FA B2 2l 60°FiT 90°
B, ZS T AR 3, 5 AIK AL 300028 f AR

AR ARl RS TE, AJKAABE R 60°F!
90°1, {@ﬁﬁﬂéd\? 30°mF A S VMRS, H A A
K AR BE B3GR BT/ o BRARTE K T 12 3l 152 71 53 B
e 24 P, SHHAAE, BRIEEK 23R, 2
ﬂ%ﬁi%ﬁﬁ%%iﬁmgwwﬁ%ﬁFpﬁﬁ
. 5B s BV 7 BE e B 5 R e A I Y
mthU& S Y BE T Y R 5K ) F oo 52 T3 -8 5
R
ma=mg+F(t) (15)
F(1)=F,(1)+Fy(1)+Fa(r)+F, (16)
K m HERIETU R a MERIRZE Sk Fy.
Fau Fou Fo &M 5880 MARS, #FR A B

FH71 F(f)o oI TFERIKAEK Fizahif, FimskH F,xF
BRURIZ SR AR R S, AT AZ IS AT, R R LU



« 12 -

2023 3 H

SEF RS RSN ) SR FL AT RLE XN
Fo=ma=Cyp(V+V,)a (17)
K Co MBI R o WIRIREEE; VRl

BRIRAREL, v sk a ek mEE . X (15)

] AR

(m+ma)a:mg+F(t) (18)
PRI, SRSl R B -
_-mg+(m+m,)a
Ca= 1 , 1.5,
E'Dlv nZD
(19)

—mg+[m+Cmp1(V+Vc)]a

%Pl"anz

T LA 3B AT, BRIRTE K R #5715 25 12 3l Y 6
TR ) 2RSSR O, 2SI R RROR, B
J1 RO o 25 1 AR R 5 25 I A R TR
RIEFSR, DRt as i f R AR AR, BRkiAOK T 12 3)
A SR S R BB . i 23 alA, ez
B, ATRHMBEBUN, 2 R R BUBOR , B
BH B Ca R

ST —— a=90°
_ e a=60°
) ot =300

Al . o

DyD

1 L 1 1 1 1 1 1 1 1 1 1 1

1
0 2 4 6 8 10 12 14 16 18 20 22 24
Time/ms

22 =59 EARRE I 1] 22 1k th 26

Fig.22 Cavity diameter curve over time

a=30°

Seaviation/ Ssphere

0 5 10 15 20 25 30 35 40 45 50
Time/ms

P23 s TR BE I ] 22 £ pth 2k

Fig.23 Curve of cavity area over time

Kl 24 BRUAOKTI23)%Z T

Fig.24 Force analysis of sphere in underwater motion
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