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Experimental analysis on oblique water-entry of
asymmetric-headed moving bodies
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(1. Sichuan Academy of Aerospace Technology, System Engineering Institute Sichuan Aerospace, Chengdu 610100, China;
2. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; To explore the cavity evolution and ballistic characteristics during the oblique water-entry of asymmetric
structures, experimental research was conducted on various asymmetric-headed bodies. High-speed imaging
technique was utilized to capture the cavity evolution and body position during the water-entry process of
asymmetric-headed moving bodies. Utilizing digital image processing, trajectories and attitudes of these bodies were
extracted. A comparative analysis was then performed to assess the impact of head shape and entry mode on cavity
evolution and ballistic characteristics. The results show that the evolution of the water entry cavity of asymmetric-
headed moving bodies has unique cavity flow characteristics such as secondary open cavity, secondary splashing,
primary cavity attachment, cavity fusion, and secondary cavity collapse. The shape of the head of the moving body
will seriously affect the evolution of the water-entry cavity and the ballistic characteristics of the moving body. As
the shape of the head of the moving body changes from a convex shape to a concave shape, the width of the splash
water curtain, the size of the cavity curtain, the size of the cavity and the attitude angle of the moving body will
gradually increase. On the contrary, the closure time of the secondary cavity will gradually decrease. This
characteristic has a profound impact on practical engineering applications.
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Fig.1 Schematic diagram of experimental system



.26 - R

[N AN

SEER A 4 41 LED KT/E R SE g 0IR, A B A K
FE 577, RIS KA I 7 8 — 2 b 0 3 T 221k
UL, 7R SR GTT SR B[R] 38 21 5 4 i) 1
RO SEE R FH Photron FASTCAM SA-X i 25 i 5%
1% #15 Nikon AF Nikkor 28 — 85 mm i3kl ],
XFAEXS BRIz sl i A K i B HE AT 404, A LA S R
5 000 Mi/s, BEYEITE] 1/8 000 s, BECHLFA i HE
P RN AR, WL 2, SR S ) R
FEAEH, B DRz Sl AR AR AT o B SRS TS A K A
5 RARE W IR S A B, T SR A
ARABE e X R R o T S, A ik R T K
B, AT 5 3 R K2 Sh IR [ e AR aR o B
fil & FF OGS, RGBT A s iR e E IERTR
T, SR BT S A A
JE e il i S AR A K S

%57 %
g A Rk
S5
____________ B N
. L
T piNi)

B2 BHNATE
Fig.2 Schematic diagram of the release mechanism
SR A Sk AR AR X R & Ay iz sl A, UL 3
BRI A S M Tm,p =2.7 g/cm’, D =
12 mm,L =70 mm, k855 R M3k Sk AESk 3 Fp
A SR o =300, RO HFEMRIE IR 1,

(a) Mk (b) Mk (c) Fk
B3 SE3hE
Fig.3 Test moving bodies with different head shapes
1 EEREMHE
Tab.1 Model attributes
T S Bt/ kg Bt/ m et (1, 1, ,1.)/ (kg'm™?)

1 Fk 4.47 x10 2 4.36x1072 (1.31 x1077,2.20 x 10 7, 1.31 x 10 ~%)
2 M3k 4.69 x10 2 4.24 %1072 (1.47 x107%,2.31 x107°,1.47 x10 %)
3 M3k 4.25 %102 4.49 x10 2 (1.15%x107%,2.10 x10 7% ,1.15 x 10 %)

SCES I KAz Sh A i [ P TR T IR 2 N
t =00} %, 12 sh ik A KR R G R B, WE 4,
x WACE A 280 ¢ =0 I ZE RO o,y Tl
B I =0 BZEE SRR ¢, SHUAKRSGLE
KRR LWL 2) , iz gk B &8 & I

(a) IEFAIK

SR 3B SRS W G AK R Sl AR =0
I 2 B8R K iz shik A K f B S E 5 A B, AH 22
INT 1% BB 3 IR A K BE LA S BUE A B,
TFF—E0, SR IE SRR 18] 4 (a) ATKEYTT AN
€ SAEAIK P 4(b) ATKIY T 208 SRR AIK

=0 ms

A

R

DI
ot
K — — —
K

(b) RIAIAK

4 BEBHENKLIRTE

Fig.4 Schematic diagram of coordinates for water-entry moving bodies
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Fig.5 Cavity evolution during oblique water-entry of blunt asymmetric structures
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Fig. 6 Evolution of trajectory and rotation angle during oblique water-entry of blunt asymmetric structures
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Fig.7 Variation of velocity in the vertical direction
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Fig.9 Cavity evolution during oblique water-entry of moving bodies with different head shapes

MIEFEAIK ¢ =28 ms I, 18 SATF I 1EK 5
JIEER NS 2 OF 25, K9 T A

A MRS SR B R M BE W SR S-S0

Wz SRR TR 1 LRz, it Sk JE Rz sh A i e
A RE S/ AR LG A 10 (b) b RE SR B, X
B P KA ARAZ SRR 15 gl it SR



.30 - MoK T

VAN S

557 %

JERTE 7 T Ay R gl , S5z B a9 B I 5/
FHRZ , M ST ARAZ SR FE N B 3, ST AR 25
REL IR A 3 3, Sk B BT 32 BH TR B 0T B A i
Bl SHYNEP S /NI LIPS /N eIl N+ 4
PR BRSPS, Y 1 =36 ms B, iZ SR IR
R RIGER R E e sh (55 2 BrBe) , AIET 9 Haf
DIVE W& H Sk B e 3l B B 52 ) (] i) v b
SR BN 2 W B WL, #F—25,%F
Wl Beiz sh i K- hide 5 % AL RS R4 T 1 fE o3

M0 24 6 8 10 12 14
X
(2) BN K PL AL
0 oy
12 =73k
10| ™ Fk
8
“ 6
4+
2

0 15 30 45 60 75 90 105120135150
t/ms

(c) IBENENIK KI5 AL AR

B, WL 10(e) ((d) o MBI 10 (c) aT R B B
Bz shRKF-J7 1) (1 8% il 42 00 5 B T Bk
/N, X UL iz S AR fh 2 v B T LS i T K B BE
VR (S E s R K2 ghid B b, 5 Bt
I 3z SRS E7 1) 8% T 2k R R o B T I
W/, BEE 18 B Sk RO Sk IR i 1M1 3k AR B
AR BT 1) B S AR B A RS — 2, BT It
S BAART 12 SR 8 B3 1) 3 Sl B RN

240 -
210 o g3t
180 —&= U]k
150
o
90
60
30f

B E B RARZS

AO/°)

0 15 30 45 60 75 90105120135
t/ms

(b) BN N KT FE R4 £ AR AL

0 15 30 45 60 75 90 105120 135150
t/ms

(d) BV KREETT AL B2 AL

B 10 ARELEBFRE SRR N K BIT R e e fa E L

Fig. 10 Evolution of trajectory and rotation angle during oblique water-entry of moving bodies with different head shapes
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Fig. 11 Cavity evolution during oblique water-entry of axisymmetric bodies
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Fig. 12 Effects of water-entry modes on cavity dynamics
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Fig. 13  Effects of water-entry modes on trajectory and rotation angle of moving bodies
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