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Abstract

Introducing the velocity and acceleration potential by a nonlinear hydroelastic interaction between
ideal fluid and floating elastic body is formulated in this report. In the formulation, elastic body motions
are expressed by large amplitude rigid mode motions and small amplitude elastic vibrations superposed on
it. Large amplitude free surface motion is also considered. Based on this formulation, a two dimensional
simulation program was developed for the analysis of transient hydroelastic problems. In this simulation
program, boundary element method (BEM) is used to solve the boundary integral equations of velocity
potential and acceleration potential. Mixed Eulerian and Lagrangian method (MEL) is used to track the
free surface motion. To validate the formulation and simulation program, free vibration of a hinged beam
in unbounded fluid was simulated and the results were compared with analytical solution of Kito 2. Using
this simulation program, two dimensional elastic beam impact on a wave crest was simulated. Simulated
water surface impact is very transient. In the impact process, as wetted surface expands, added mass
increases rapidly, the narrow peak impact pressure zone travels with very high speed and hydroelastic
deformation takes place. Although the presented result in this paper is just a test trial of the simulation
program and the resolution is not enough to catch the detail of the phenomenon, effect of elasticity to the
impact is clearly observed and strong correlation between pressure and normal acceleration of vibration
is confirmed.
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® Node point of elastic body discretization

©  Collocation point of wet surface

Fig.2 Explanatory drawing of node points of
-elastic body discretization and collocation
points on wet surface for fluid motion com-
putation
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Fig.5 Simulated hydro-elastic vibration of a hinged beam : u at the center of beam

Theory

0.8 o Simulation

Wy / Wy

pw/py

Fig.6 Natural frequency of the lowest mode vi-
bration of the beam in unbounded fiuid

Table 1-a Nondimensionalization

Table 2 Natural frequencies of the beam vi-
bration

(a) In vacuum

Variables Unit value l
time Vhpoo LA/ET
velocity VEI/hp,L?
acceleration | EI/hp,L3
force EI/L?
pressure EI/L*
mass hpyL

Table 1-b Nondimensionalization

Variables Unit value
time vV Lv/g
velocity NITY ]
acceleration g
force pgL?
pressure pgLy
mass pL}
rigidity pgL}

BPEZTCHEL, 22 To i Boditsh, nit
BWENE—F . u FWHRAEMOEBETROREE
D0I%E LT, BTERXRORES L. BOMITH
W EI. BOBEE h L BOFEE pp DETERS
NDROBEE hpy T BALE L TEXTTIEL TE
ML 7. BRI EXITILIE Table.l-a 1277,

(30)

Wyn / Wyl(Theory)
Mode Puw/Ps =0

n Theory | Simulation | Difference (%)
1 1 0.999 , -0.06
2 4 4.000 0.00
3 9 9.000 0.00
4 16 16.002 0.01
5 25 25.006 0.02
6 36 36.019 0.05
7 49 49.048 0.10
8 64 64.106 0.17
9 81 81.212 0.26

(b) In unbounded fluid

wwn/wwl(Theory)

Mode Pw/pp =0.1

n Theory | Simulation | Difference (%)
1 1.000 0.949 5.10
2 5.082 5.211 2.54
3 12.822 13.425 4.70
4 24.420 25.876 5.96
5 39.968 42.672 6.77
6 59.516 63.941 7.43
7 | 83.001 89.727 7.99
8 110.712 120.014 8.40
9 142.389 154.859 8.76

R Fig5 CHRLERDEEIE—F (n=1)D
ZhRTOEMOMHEERE =T, HP 5 HKEDO%E
BE pw RE L 2 BIENTRBEHIEL 2o T
VABTIFEREND, AV 2L —YarTED
N RE RO WA EEEREREL Fig6 27T,
BB AL AL OBELTH 0 . Hii B0
TP TOEFED R w, ¥ EEHFTOREEER
wy TERLL b DTH B, MHDERIZRE Y
HRD 72 R E O RO BKIREE W IO B E

Wy 1

Wy 1+4+¢’

o = 20Pw
" nwhpy

(44)
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