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ABSTRACT

Formulations are done for the wave exciting forces on a floating body in plane progressive waves
by linear time domain analysis. This is to present the analytical and numerical methods involved
in the time domain analysis and to present typical calculation results and relevant discussions.

In this paper, on the assumption of linearity of entire system, exciting forces due to plane
progressive waves of arbitrary profile are expressed by convolution integrals of wave elevation and
impulsive wave response functions. The acceleration potential of the impulsive incident wave is
derived, which make it possible to formulate the exciting force problems in time domain by integral
equation techniques. .

Numerical calculation results are given for a sphere and a spheroid(L/B = 8.0) by this method.
Their Fourier transformed results are compared with those of the conventional frequency domain
calculations, which show good agreements.

SUMMARY

The exciting forces acting on a ship in waves have been conventionally treated in frequency -
domain. In this research, corresponding formulations are made in time domain and the results of
each domains are compared to show the characteristics and validity of time domain solutions.

It is shown that the exciting forces due to plane progressive waves of arbitrary profile can
be expressed by a convolution integral of wave elevation at any one point and some kernel force
functions. These functions only depend on body shapes and correspond to impulsive wave response
functions. These can be obtained as the wave exciting forces due to special kind of transient incident
waves such as used by Davis and Zarnick[1].

This transient wave is similar to white-noise input in that it contains unit amplitude waves
of all frequencies, but their phases are ¢ontrolled and as a consequence of dispersive property of
water waves, there occurs impulsive wave height at one point and at one instant. It is shown in
Fig.1. The acceleration potential of this transient wave is derived in this paper and using this, time
domain analysis is carried out for the wave exciting force problems. ‘

To use boundary integral equation technique, Green's function with impulsive source strength(2]
is adopted and by applying Green’s theorem, integral equation for the acceleration potential on -
body surface is derived. This integral equation has the form of second kind of Fredholm integral
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equation with respect to spatial variables, and also has the form of second kind of Volterra integral
equation with respect to time variable.

We assume that a body is floating in plane progressive waves of small amplitudes and ar-
bitrary profiles. It is also assumed that the fluid is inviscid and incompressible and that the
flow is irrotational. The total acceleration potential can be written as the sum of incident wave
potential, ®7,( P, t), and diffraction potential, &p:(P,¢).

®.(P,t) = ®1.(P,t) + 8pe(P,t) , P =(z,v,2) (1)

Now &, and &p, are decomposed by using wave elevation Ap(t) as follows[3}; -

1,(Pyt) /_ : Ao(7)He(P,t - r)dr

Spu(Pt) = / : Ao(7)épe(P,t - 7)dr

(2)
3

Hy(P,t)

arr, exp(—vcosf) x

.exp(i(g — vsin@)) erfe(i sign(t)ﬁexp(ig))

where, er fc is a complementary error function and H, is the acceleration potential for the impulsive
incident waves.

b = zcosP+ ysinf

= JBr7

J/ T x

= e - < -

0 = () (505
_
T = 4r,

And integral equation for ¢p; on body surface is derived as follows:

2répu(Prt)  + / /s °d5¢D:(Q,t)5%5(%';.1;
+ [ ar[ [ 45 epr(@rIz=C(PQut-7)
- - //SOdsg?l;H,(Q,t)(-}-%; | (3)
- [ef] odsaquf(Q,T)é(P,Q,t-"')
where, |
G(P,Q,t) = 2 /o = dk gk sin(\/gkt)eMetO) Jo(kR) (4)
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Wave exciting forces Fi(t) (k= 1,---,6) are expressed as follows:

R(t) = /:Ao(r)Ek(t-r)dr - ®

But) = —p [ [ m(HLP.0)+one(POIS )

The integral eq. (3) can be solved numerically to give ¢p¢(P,t) and hence impulsive wave
response function Eg(t).

Fig.2 & 3 show the impulsive wave response function, E,(t), of floating hemi-sphere for sway,
and its Fourier transformed results compared with those of frequency domain calculation. Also

shown in Fig.4 & 5 are those of spheroid(L/B = 8) for heave. We can see good agreements in both
results.
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