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Water entry trajectory characteristics of high-speed projectiles with various
turbulent angular velocity

LI Jiachuan, WEI Yingjie, WANG Cong, DENG Huanyu

(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; The state before and after water entry of high-speed projectiles was analyzed based on water entry ballistics
and hydrodynamics and the dynamics model of projectile longitudinal motion was built. The trajectory simulation during
water entry process of high-speed projectile with various turbulent angular velocity was estimated. The change rules of
trajectory and velocity of focus, pitch angle, pitch angular velocity were obtained, and the influence of turbulent angular
velocity was analyzed. The results show that with increasing of tail slapping frequency, the immersion depth of the
trajectory tail increases and the continuous time increases. Moreover with tail slapping frequency increasing, the pitch
angular velocity after tail slapping increases, then the increasing extent decreases or the pitch angular velocity decreases
slightly. The bigger the turbulent angular velocity is, the more times the tail slaps in the same time happen, the earlier
the tail slapping happens, and the shorter the moving time of the projectile is in cavitation chamber.
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Fig.1 Schematic of projectile model
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Fig.2 Force diagram of projectile tail slap
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Fig.3 Dimensions of projectile model
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Fig.4 Whole schematic of water entry experiment

ARSI R FH v A HRARALLL 5 000 fps 1Y 38 32
Xof 5 K 1Y 32 Bl 3o B AT 0 45 X L S g v g
TRBGATK AR LD 17° , SR 55 7K T 2 ok ) 328 B2 Ay
116 m/s F 35 B e A BRAR 45 31 1Y 5 A A K
AN RIS BT AT 04 £ 38 BE A 07 EL R0 B3 410 80 1
JE B SRS K DR RV O B 200 1 5 A R ] Fisf ] ]
B SRR A K ZS I 1 6 SR A KIS X J7 1 5
Y I i X L P 7 Sy AR SR AR AR X HE AT
P 8 Ay SAIRFAD £ B % LT AT R /T LA s £
SER GG V) BE B e A AR i, BEAA
RARRAR AN A BEAT BT T . S50 5 05 EL 45 SR IR A
FRES AT 22 57, 32 B IR OR SR MR SR T 5 i A
—E APl , I ELAE A I 11 PR 550K Sk 98 20 A 90 0
KT RRAN KBRS | EARFAD 1 3 B AT — > RS R Ry
T2, NIE 8 BB {H A2t th 2 m] LAFE HY 87K 39 1)
A RE 2R R R A — DG ie g e, i — it
FEA2 RSSO, Hp K22 2 A0 8l , R
MELE HACHERA 1 Bl ) 2 07 R AR SO A 25 T X
— i R AU R A AR R R A
PREARL, PR X — o 7 iy 8 110 I [R) B 6 EL R 2 ) i
TR iz SR BEA 52 . 5K B BLs HR %42 B A



© 134 - MR O T M ok % % R

5 49 %

AT, DREA A7 J3E A SR B 55 0 AR H4 D e g o, 6 B
P R DR ACD £ S E R A — S M, MRS T R
Bl 1 2E AL 5 B WLER AL 5 TR I A K 35
ARAIEL FEIZAL A T BT L5 B Y SR B 1 RE A 7R
e, VLT T AT ATE Sl g 2 A AR Z SR Y
AT I HUAIE S S L G 1 - 1 (PR 5 T ) Y
i fE A

(c) t=6.5 ms
B 5 EENKES

Fig.5 Attitude of projectile water entry
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Fig.6 Displacement of X and Y direction after water entry
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Fig.7 Change of velocity after water entry
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Fig.8 Change of pitch angular velocity after water entry
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Fig.9 Comparison of trajectory of water entry
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Fig.11  Comparison of pitch angular
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