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Experimental analysis of the nonlinear geometric

characteristics for extreme wave in deep water
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(1. College of Ocean Engineering, Guangdong Ocean University, Zhanjiang 524088, China; 2. College of Ocean Transportation,
Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: To study the nonlinear characteristics of the extreme waves and identify the dynamic characteristics of wave groups during the
evolution, a series of Gaussian wave groups are analyzed in deep water experimentally. The experimental results show that increasing the
wave steepness or the wave group width can make the skewness S, change obviously, especially when the wave is broken, the variation
range of skewness increases dramatically within the breaking region, and the maximum value of skewness may be used as an indicator to
judge the wave breaking. Wave steepness and wave group width have different effects on asymmetry. When the wave steepness or the
width of the wave group is increased, the asymmetry of the crest is affected the most, followed by the asymmetry of the trough at the
front of the crest and the asymmetry of the trough at the back of the crest being affected the least, which however is still not negligible.
During the wave evolution, the amplitude spectrum shifts down to different degrees, and after the wave breaking, it shifts down
permanently. When the modulation instability occurs, with the increase of the modulation instability index, the frequency band
downshift presents a rapid growth trend.
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Fig. 1 Top view of experimental tank
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Tab. 1 Initial wave condition for Gaussian wave group
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GP1 0.10 0.024 2 0.483 0.256 —
GP2 0.15 0.044 2 0.928 0.244 —
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Fig. 2 Variation of wave surface elevation for GP8 Fig. 3 Sketch of geometric parameters for wave group
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Fig. 5 Evolution of skewness S, for breaking wave groups
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Fig. 7 Evolution of asymmetry A_of crest for wave groups with different wave group widths
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Fig. 8 Evolution of asymmetry A, of trough in front of crest for wave groups with different initial wave steepness
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Fig. 10  Evolution of asymmetry A of trough behind crest for wave groups with different initial wave steepness
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Tab. 2 Frequency downshift

Pl A/(%) X/m el A/ (%) X/m Pl A/ (%) X/m Wl A/ (%) X/m
GP1 0.0 — GP5 0.0 — GP9 0.0 — GP13 0.0 —

GP2 0.0 GP6 3.6 27.9 GP10 6.0 24.9 GP14 8.4 23.9
GP3 2.4 14.9 GP7 2.4 32.9 GP11 6.2 20.9 GP15 6.2 19.9
GP4 2.4 13.9 GP8 7.4 13.9 GP12 7.4 14.9 GP16 7.4 15.9
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