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Wagner model for vertical impact
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deep fluid at rest

viscosity,
surface tension,
compressibility
are neglected
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Nondimensional variables:

X =Lx, yy =Ly, ' = %t, ¢ =LV, ' =eln

Ap(x,y,1) =0

Py

Py

—1 + epx sgn(x)
M+ ENxpx

L
o= —5IVel’ - iy

p—0

initial conditions: n(x,0) = 0, ¢(x,y,0) =0

Hydrodynamic pressure: p = —; + £|Vp|* —

(

(v =e(lxl = 1)
(v = en(x, 1))
(v = en(x,1))
(& +* = 00)

((r,y) € 92(1))
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Leading-order hydrodynamic problem for ¢ < 1

Ap=0 (y<0)

ev=—1 (=0, <d
Py =" (y=0, x| >d)
€ =0 (=0, |x[ > d)
p—0 (2 43> = o0)
p=—w (=0, <4
nx,0 =0 (x€R)

Wagner’s condition:

n(d,t)=d—1

(d>0)

¢ =0(1)

((x,y) = (£d,0))

Solution: d(r) = Tt

Lo Lol
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LOWT: Leading order Wagner theory

SOWT: Second order Wagner theory (Oliver,

2007)

Z&F: Numerical solution exploiting self-

similarity (Zhao & Faltinsen, 1993)
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Oblique impact of a plate
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Obligue impact of a plate

Ap =

oy = wi(x, 1)
=0

ox = A(x)
p—0

¢ =0(1)
[Vl = 0(1)

(»<0)
(r=0,1<x<d)
(y=0,x<0,x>d)

(y=0,0<x<1)

(@ +y* = o0)
((x,y) = (d,0))
((x,y) = (1,0))

where d = d(z) is given by:

w(d,t) =n(d,t)
Py ="M
n(x,0)=0

(d>1)
(y=0,x<t,x>d)

(y=0,t<x<d)

MBVP — /Ot VEE A9y de = /td V(e d
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-
displacement potential: ®(x, y, 1) :/ w(x,y,7)dr
0

AD =0 (y < 0)

by = w(x,1) (y=0,1<x<d)
d=0 (y=0,x<0andx > d)
®, = 1tA(x) + B(x) y=0,0<x<1r)

[Ve| = o(1) (%) = (1,0))

@ =0(((x—d)* +1)'7?) ((x,y) = (d,0))

®—0 (* +y* = o0)

[V @+ ey ae=- [/ Fruienoe
[ VES ta© + o) g6 - / NEEPDL



/t \/QA(Q&:/C] \/wa(g,t)dg
[ VS eae + 8@ e = - [ \/ute n e
[VE @ +ae) ac= [*\/Euienae

For rigid-plate plate impact at constant velocity:
w(xvt):x_t(l+x)7 X =7
— Solution is self-similar solution: A(x) = A*, B(x) = B*x, d(t) = dat

Solution of the problem:

AP+
24242

dy = g2 A% = — X121 +2) B* = —A
. ’ 49 (P17

2
. . ) x +3—2xq
arsinh(q) = g\/¢*> + 1 220120




analytical solution
Smiley (¢ = 6°)
Smiley (¢ = 9°)
Smiley (e = 12°)
Smiley (£ = 15°)
Tafrati (¢ = 10°)

Fal. & Sem. (e =20°)

< O % + x O
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Structural part of the problem for free elastic plate

s:x—t+0(52)

Vb = 5((*"7 t) ’ C(S, t) = w(x, t)

Euler’s beam equation: I plate thickness
N — osh |
H%C 4 0 644 [)(S 4 t, 0 l‘) QI—‘%) D flexural rigidity
- EFL3 U2 og plate density
Bszc = W =0 (s=0,s=1) K= % o fluid density
4
1
Cls, 1) = 22020 ak () (s) 57 = /\k:l’k O <r<t

arzwk 8;3#"1(:0 (SZO,SZI)

rigid modes of translation and rotation: Yo(s), Pi(s)

normal modes for elastic deflection: Yr(s), k>2
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Coupling of structural and hydrodynamic part

d2
d2

d
KAk = / p(x,0, 1)1 (x — 1) dx — prdok
'

Hydrodynamic pressure:

ds(y [x—r 1

p(x,0,1) = _7r(d—t) d—x

(x=0)(d—x)T(x,1),

where

S(r) = /fA d§+/ Elu(e,n 0,

th(fv )
T(x,t) = ]{ . =

ofz,,(x,t):/t wi (€, 1) dg
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Final equations

, . da . ~ da
Euler's beam equation: - F (t, d,a, 77A<-’()|xe(o.f)>
. dd .
Wagner’s condition: P (t,d,a, %, A®x) |x€(0.1)7B("C)‘XE(OJ)>
t -
update of A and B: /0 %A(f) d¢ = K(1,d,a, %)

with initial conditions:

a0) = (3,:v3,0,0,---),  %(0)=(-2,0,0,...), d(0)=0
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Results for steel plate:
L=24m,h=5cm, e =8.6°V=6ms~!, U=24ms™!
timestep Ar = 5 x 1074, 8 elastic modes

T
t' = Oms
0.36m fms
t' =12ms
t' = 24ms
t' = 36ms
t' = 49ms
| | | | | | |
0 0.5 1 1.5 2 2.5 3 3.5
z' (m)
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Summary
1. The Wagner model for impact problems of bodies with small deadrise angle into
water was introduced.

2. A model for the impact of an elastic plate at high horizontal speed has been
presented.

3. Influence of hydroelasticity on the force is significant. Large negative forces
appear on the rear part of the plate during impact.

Thank you.

Any questions or comments?
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