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Calculation method for the wavelength of freak waves

CUI Cheng, PAN Wen—bo
(National Engineering Research Center of Port Hydraulic Construction Technology, Tianjin Research Institute for
Water Transport Engineering, M.O.T., Tianjin 300456, China)

Abstract: In freak wave-related research, the wavelength of the freak wave is generally calculated from the
dispersion relation of the Stokes wave or linear wave. The freak wave, however, is a type of short-duration
wave, also characterized by strong-nonlinearity. Its energy components are more complex compared to
regular waves. Beside the effect of higher-order harmonics, the energy transfer occurs due to the nonlinear
wave-wave interaction during the generation of freak waves. In order to check the accuracy of the wavelength
of freak waves calculated from the dispersion relation, freak waves were experimentally simulated in a wave
tank by focusing a range of component waves. The statistics on wavelength of freak wave were calculated
from the time history of wave surface obtained from a wave gauge array. The statistical wavelengths
conduted were compared to those of linear wave, 3rd- and Sth-order Stokes wave with identical wave heights
and periods. The results from comparison indicate that the wavelengths from the 3rd- and 5th-order Stokes
wave dispersion relations have a higher accuracy than that from the Ist-order dispersion relations of linear
wave. And the 3rd-order dispersion relation is sufficient to describe the effect of higher-order harmonics on
the wavelength. However, without accounting for the nonlinear wave-wave interaction, high-order dispersion

relation will overestimate the wavelength of frear wave with longer periods and underestimate that for freak
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wave with shorter periods. And as a consequence, on the basis of the 3rd-order dispersion relation and
regression model, a new improved method for higher accuracy calculation of the wavelengths of the freak
wave was proposed. The accuracy of the wavelengths for the new method increases by over 50% compared to
the tradional 3rd-order dispersion relation.
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Fig.2 Generation and evolution of freak wave
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Fig.3 Example of simulated freak wave
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