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Fig.3 Quasi-static seal impact cavity (u,=0.44 m/s )
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Fig.5 Deep seal impact cavity ( u,=2.80 m/s)
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Fig.4 Shallow seal impact cavity (u,=1.36 m/s)
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Fig.6 Surface seal impact cavity (u,=3.98 m/s)
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Fig.9 Change of cavity closing time (#,) and closing depth ( H,) with initial velocity ( u,)
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Fig.10 Change of cavity closing depth ( H,) cavity length (L,) and their ratio ( H /L,) with initial velocity ( u,)

2.3
uy=2.8m/s o 11
H, 3.5.20.40.59 mm( ) D,
D, ! o
1 L, ( )
t t, T,
T, D .

12



1194

38

¢

Fig.11 Change of cavity diameter ( D,) at different depths ( H;)
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Fig.12 Radial velocity of cavities

at different underwater depths
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Table 1 Characteristic parameters of cavity

at different underwater depths

H./ t/ t. ! t,/ r., T./ D,/
mm ms ms ms ms ms mm
35 27 63.0 82.0 603 19.0 32.0
20 8.3 420 61.3 337 193 215
40 147  28.0 503 13.3 223 16.5
59 220 315 48.7 9.5 17.2 15.0
tr
D,;
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Fig.16 Fluctuation of the cavity wall in static coordinate( u,=2.80 m/s)
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Fig.17 Fluctuation of the cavity wall in the body coordinate ( u,=2.80 m/s)
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Fig.18 Change of projectile velocity with time

at the stage of cavity fluctuation

Fig.19 Fluctuation of the cavity at two initial projectile velocities
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Experimental study of cavity characteristic induced by vertical water entry
impact of a projectile with a 90° cone-shaped head at different velocities

HUANG Zhengui' WANG Ruiqi' > CHEN Zhihua' HOU Yu' LUO Yuchuan'
( 1. National Key Laboratory of Transient Physics Nanjing University of
Science and Technology Nanjing 210094  Jiangsu China;
2. Lanzhou Institute of Physics Lanzhou 730000 Gansu China)

Abstract: Experimental studies of the vertical water entry of projectile with 90° cone-shaped head were con—
ducted by using high speed camera. The pinch-off types and evolutionary process of the cavity were compre—
hensively discussed at different water entry impact velocities. The variations of cavitation closure time water
depth at the closure point and length of the warhead cavitation with water entry velocities as well as the cavi—
tation diameter at different water depth positions were analyzed. The jet phenomenon caused by the closure of
the water curtain and contraction—rising process of the cavity near undisturbed free surface were studied as
well as the coupled effect between them. The cavity wall fluctuation occurring after the deep seal was dis—
cussed. The results show that with the increase of water entry velocity the quasi-static closure shallow clo—
sure deep closure and surface closure of the cavitation occurs respectively and each closure mode corre—
sponds to a velocity range; the critical water entry velocity of forming cavitation is 0.657 m/s. The diameter of
the cavitation presents a nonlinear increase along with the water depth. The initial cavity expansion velocity in—
creases the maximum diameter of the cavity decreases the expansion section shortens the contraction section
lengthens and the acceleration of the expansion and contraction of the cavity increases along with the increase
of the water depth at the same time. When the water curtain closes there will be upward and downward jets

and when the downward jet velocity is relatively large the projectile motion will be affected. The strength of a
water jet induced by longitudinal upward contraction of the cavity near free surface is proportional to the vol-
ume of cavity and pinch-off depth. A large strength upward water jet is induced by the coupling of the above all
water jet. The longitudinal contraction of the cavity around the projectile and the impact effect of downward jet
on projectile would cause the force change of the projectile after deep seal. The fluctuation of the projectile’s
velocity because of its force change brings the velocity change of fluid and then leads to the fluctuation of the
cavity wall. The fluctuation of cavity wall follows the principle of independent expansion of cavitation section.
Keywords: vertical water entry impact; the types of cavity pinch-off; fluctuation of cavity wall, water jet;

critical water entry velocity



