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A Study on the Impact Pressure of a Falling Body upon

a Free Surface Water
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<Abstract>

The hydrodynamic impact problem was studied from 1929 to
recent. Especially, Impact pressure 1s immportant for the design of the
ships and offshore structure and spacecrafts, and under weapons. A
ship traveling at high speed or in heavy sea has its bow and bottom
damaged by high pressure caused by impact with and detachment
from the water surface. Considerable 1mpact may also occur when
large waves hit the cross member or deck plate of an offshore structure
within the splash zone. Many engineering cases require consideration
of 1impact pressure, the movement of objects and change of the flow
field. This study was obtained the pressure distribution of a falling
body that is deadrise angle 0° and deadrise angle 5 upon a water
surface by the experiment with the impact machine. The theoretical
equation was obtained the air region and the interface and the water
region which devide 3 parties between the body and the water surface
for an investigation of the complete phenomena. Pressure distributions
and histories compare favorably with available experimental data. The
numerical results are similar to the experimental results for the impact
force type with Fo(l+cos xt/tc).
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I'ig. 4 Characteristic of the pressure distribution

(Deadrise Angle 0°

position : center)

, drop height : 50cm, sensor

IFig. 6 Characteristic of the pressure distribution

(Deadrise Angle 0° , drop height : 30cm,

sensor position : cenler)
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Fig. 7 Characteristic of the pressure distribution
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IFig. 12 Characteristic of the pressure distribulion
(Deadrise Angle 0° , drop height : 30cm,

sensor position : 40 mm)
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A | Body bottom area

b : Symmetrical body half width
c : Wave velocity (1460 m/s)

c; - Damping water constant

c2 . Damping membrane constant

D : Membrane diameter

E  Young coefficient

F; © Water reaction forse

F2 | Membrane reaction forse

Fue  Impact forse

F, : Water body force

g : Acceleration due to gravity

h : Water region height

ha - Air layer thickness

hn © Water region reference height
h © Membrane thickness

k; - Water spring constant

k2 : Aluminium spring constant

| © Symmetrical water region half width
m; : Falling body mass

meo . Water mass

P : Water pressure

P, : Air pressure (absolute)
P ., - Atmospheric pressure (reference pressure)
Py © Hydrostatic water pressure

Q) : Water pressure source term
It © Membrane radial
T : Impact wave period

t © Time
u,v - Water velocities in x and y-directions,
respectively

e - Air velocity in the x-direction

us, s - Free-surface water velocities in the x
and y-directions respectively

V. ¢ Voltage

V' Falling model

Ve - Water volume

X,y : Rectangular coordinates

y; - Falling model displacement

yz : Membrane displacement

Greek Symbol

Deformation coefficient

. Water compressibility coefficient
. Isentropic compressibility coefficient

iy - Alr dynamic viscosity

a

g ¢ Air jet divergence angle
)

s

i opo - Water dynamic viscosity
v . Poisson coefficient
Ve - Alr kinematic viscosity

V ne - Water kinematic viscosity
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y  Heat specific ratio

0, - Alr density

O.n - AT density at atmospheric pressure

0 n,0 - Water density

r, - Tangential shear stress on free surface
due to air

T 5,0 - langential shear stress on [ree surface

due to water
o Damping ratio
w, - Natural frequency
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