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Introduction

Nowadays, the forcus of the seakeeping computations is changing from the ordinal prediction of the
global forces and/or ship motions to more accurate prediction of the local wave field represented
by the wave pressure on the ship, for the purpose of the global structural analysis based on FEM.
Iwashita et al. (1994) systematically investigated about the wave pressure distribution on a blunt
VLCC advancing in oblique short waves and showed its negligible discrepancies between experiments
and theoretical computations based on the linear theory. Consecutively the influence of the steady
flow in seakeeping computations has been studied by Iwashita & Bertram (1997), Iwashita et al.(1998)
and so on. It has been made clear up to now that the estimation accuracy of the wave pressure is
improved in some quantity by taking into account the influence of the steady non-uniform flow in both
the free surface and body surface conditions, but its improvement is not still sufficient against our
expection. More accurate estimation may be expected only by fully taking into account the steady
Kelvin-wave field beyound the framework of the linear theory.

In this paper we perform the computation of a diffraction wave around a blunt ship with forward
speed fully capturing the steady Kelvin-wave field. The steady problem is solved so that the full
nonlinear free-surface condition is satisfied and the boundary conditions of the unsteady problem are
satisfied on the exact steady free-surface and wetted surface on the body. A Rankine panel method
(RPM) presented by Jensen et al. (1986) and Bertram (1990) is applied extending the method to be
robust for the blunt ship. Numerical resuts are compared with experiments and the influence of the
steady Kelvin-wave field in diffraction wave field is discussed.

Formulation . . }cidentwave {og)

We consider a ship advancing at constant forward speed
U in oblique regular waves encountered at angle x, Fig.1.
The ship is restricted at its equilibrium position and the
wave amplitude A of the incident wave are assumed to be
small. wy is the circular frequency and K the wave number
of the incident wave. The encounter circular frequency is
we(= wp — KU cosx). The linear theory is employed for
this problem assuming ideal potential flow.

The velocity potential ¥ governed by Laplace’s equation Fig. 1 Coordinate system
can be expressed as ) ,
' ¥(z,y, %t) = U(z,y, 2) + Rl¢(z,y, 2)e™'] @
where A o ' '
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& means the steady wave field and ¢ the unsteady wave field which consists of the incident wave ¢o
and the diffraction wave ¢7. The steady wave field is solved so that

1o6.TVE2 + K22 =0 onz=C(. = —el1 — (VE?] (3)
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are satisfied, where V denotes the two-dimensional Laplacian with respect to z and y. Sy means
the wetted surface and Ko = g/U%. A RPM developed by Jensen et al. (1986) is used to solve this
problem numerically. The nonlinear free-surface condition is satisfied by the iteration scheme, and the
radiation condition by shifting the collocation points one panel upward.

Assuming small disturbance of the incident wave due to the ship, we can linearize the free-surface
condition for ¢7 around the steady free-surface z = {,. The final form can be written as follows
(Newman (1978), Bertram (1990)):

—Kebr +ir{V® - Vr + V& - Vo] + '1%3 [Ve.9(va- Vr) + Ver - 'V—(%(VQ)?)] + %’5-7-
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where K, = w?/g and 7 = Uw,/g. Once & and ¢y are determined, the diffraction wave R[¢retet] is
calculated by
—iT/V
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If we expresé the double-body flow by ¢ and put & = w-+¢,, eqs.(3) and (5) lead to the doubel-body
flow formulations such as

1 g, (. 1g,. Av/ 1g To) .-V O¢s _ =
2P.,0V<p V(Ve- Vo) + KOV<p V({Vp- ¢,)+2KOV(V¢-V¢)-V¢3+—-——BZ-0 onz=0 (8)

and if simply ¢ =~z + ¢, it becomes the uniform-flow formulation.

Numerical ﬁlethods

The RPM applied in this study is a collocation method developed by Jensen et al. (1986) and
Ando (1988) for the steady problem and extended to the unsteady problem by Bertram (1990). The
radiation condition is satisfied by shifting the collocation point one panel upward on the free surface.
Twashita (1998) extended the method to be robust even for the blunt ship by employing the method of
Eguchi (1995) and Nakatake et al.(1995). We solve our problem applying this method in this paper.

The steady and unsteady potentials, $ and ¢, are both expressed by the source distributions on the
body surface Sy and the free surface Sp. The body surface and the free-surface are discretized into
the finite number of constant panels, and numerical solutions for steady and unsteady problems are
obtained such that a corresponding set of the free-surface condition and the body boundary condition
are satisfied at collocation points. The collocation points on Sk coincides with the geometric center
of each panel and those on Sy are shifted one panel upward in order to force the radiation condition
numerically. This numerical radiation condition is valid only when waves do not propagate to the
forward direction of the ship. Fig.2 and 3 illustrate the computation grids on Sy and Sg. For the
panels inside the waterline on Sr, source distributions are forced to be zero, or those panels are totally
removed from the computation domain. '
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Results

Numerical computations are performed for a Series-60 (C, = 0.8) model in ballast-load condition
(B/d = 5.9412). Besides the formulation described above, the double-body flow formulation and
the uniform-flow formulation are also attempted for the comparison. Those numerical results are

compared with corresponding experiments presented by Okkusu & Wen (1996) and the influence of
the steady wave field is discussed.

Fig.4 shows the diffraction waves along the transverse line at ordinate 9, 8, 7 and 6. Notwithstand-
ing the double-body formulation seems to improve the computation results slightly, the remarkable
discrepancy between computed and measured results can be still observed especially near the bow
part and it decreases as the distance from the bow increases. At ordinate 9 the computed result un-
derestimates the experiment about 50 % in magnitude and this result consistent with the result that
we have obtained for the wave pressure, Iwashita et ol. (1998, 1994). This suggests the significant
influence of the steady wave field.

Further ‘calculations based on the present formulation are now in progress and the results will be
presented in the workshop.
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Fig.2 Series-60 in ballast-load condition
(Cy = 0.8, B/d = 5.9412)
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Fig.4 Diffraction wave distributions along transvers line in ballast-load condition
(F, =0.2, \/L = 0.5, x = 180 deg.)

51




