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Nonlinear Interaction of Directional Irregular Waves
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Abstract (] Nonlinear interaction between directional wave components is theoretically analyzed in
deep water. The perturbed solution for an irregular wave is derived accurate up to the third order
of the wave steepness and it is shown that the wave characteristics are modulated due to the nonlinear
interaction. The convergence rate of the perturbed solution depends on not only wave steepness
but also wavelength ratio between wave components. The long-wave component of the perturbed
solution converges rapidly, while the short-wave solution converges slowly or diverges. The short
wave properties in a broad-band wave spectrum cannot accurately be obtained by the conventional
wave-mode method because it fails to properly describe the modulation of short-wave frequency caused
by the nonlinear interaction with much longer wave.
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Table 1. The combination of four component waves for numencal calculation

S R S
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Fig. 1. The interaction of four component waves correspo-
nding to case 2 of Table 1: (a) wave elevation and
(b) its contour.
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3o} spuArsat AFeEhs LA dAbo] case Fig. 2. Wave clevation and velocities along a line crossing
the origin with B=14T, for four component waves
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Fig. 3. The same as Fig. 2 except for waves of case 2.
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Fig. 4. Wave elevation and velocities of the 3rd wave co-
mponent in case 2 of Table 1 along a line crossing
the origin with B=14°: (a) elevation (b), (c) and
(d) x-, y- and z-directional velocity, respectively.
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Fig. 5. The same is Fig. 4 except for waves of case 3.
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