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Laboratory Experiments for Triad Interactions of Deep Water Wind Waves
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Abstract [] The triad interactions have been known to be important only for shoaling waves or finite depth wind
waves. In deep water, they are insignificant compared with the quadruplet interactions in respect to the evolution
of wind waves due to energy transfer among the wave components. However, the triad interactions may be
important even for deep water waves because they may closely be related to the wave steepness, which definitely
affects wave breaking, drag of air flow over the sea, or navigation of ships, especially during the early stage of
the development of wind waves. This study reports a series of laboratory experiments, whose data are subjected
to bispectral analyses to investigate the triad interactions of deep-water wind waves. It is found that the
bicoherence at the spectral peak frequency and the wave steepness are almost directly proportional, indicating
that the steep waves with peaked crests and flat troughs are resulted from the triad interactions. Both bicoherence
and wave steepness increase with the wave age during the early stage of wave generation and then drop off as the
waves grow old. It seems that the energy of the secondary spectral peak developed by the triad interactions
during the early stage of wave generation is redistributed to the neighboring frequencies by the quadruplet
interactions during the later stage.
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AN 5AEE B AJEAgolgL Slal(Armstrong
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3. Bispectrum 24

Bispectrum #2412 1lgke] BIXY AeA8-S Acts)
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Fig. 1. Bicoherence squared spectrum of test waves x{)(r).
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Fig. 2. Bicoherence squared spectrum of test waves x@(1).
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Fig. 3. Bicoherence squared spectrum of test waves x3(¢).
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Fig. 4. Bicoherence squared spectrum of test waves x(z).
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Fig. 6. Illustration of experimental setup.
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Table 1. Summary of analyzed data.
d Vinax Ve Hs fo 2
m @ms @ St m @ @y Y ke kd Gl PG5 BRI S A
B 0004 0004 5323 10551 0228 5707 0.093 0.8 -0.068 0297 -0.045
05 316 0182 D 0009 0009 3729 11075 0252 2801 0.133 023 -0084 0293 -0.002
E 0015 0015 2925 6403 0258 1723 0169 0.8 0131 0266 0.002
B 0010 0010 4.180 14285 0352 3519 0084 029 -0.005 0343 -0.029
05 444 0199 D 0020 0020 2797 10545 0315 1576 0.126 032 -0.157 0351 -0012
E 0031 0031 2307 1259 0332 1072 0152 031 -0.092 0298 -0.025
B 0019 0019 3297 17.104 0416 2189 0083 041 -0051 0395 -0.033
05 571 0262 D 0034 0034 239 9056 0393 1156 0.114 037 -0.139 0356 -0035
E 0049 0.049 2009 11.887 0398 813 0136 034 -0.153 0291 -0.019
B 0024 0024 3006 14149 0437 1820 0073 032 0304 0385 -0.068
05 7.2 0397 D 0042 0042 2220 10473 0417 993 0099 042 -0047 0398 -0.020
E 0064 0064 1.854 12300 0443 692 0118 035 -0077 0350 -0.021
B 0031 0031 2640 10417 0435 1404 0068 031 -0062 0375 -0.062
05 873 0479 D 0056 0056 2054 14820 0476 850 0.087 048 -0.125 0412 -0.046
E 0083 0083 1679 9623 0471 568 0106 045 0056 0360 -0.036
B 0036 0036 2545 12601 0470 1305 0061 038 0295 0417 -0.097
05 1001 0640 D 0068 0068 1.857 13.109 0473 695 0084 040 0130 0429 -0.075
E 0099 0.099 1638 12481 0536 541  0.095 046  -0.183 0419 -0.058
B 0045 0.045 2313 11214 0485 1078 0.057 040 -0308 0445 -0.141
05 1177 0728 D 0081 0.081 1739 10.627 0493 6.09 0076 043 -0.143 0459 -0.075
E 0125 0125 1438 10020 0521 417 0092 052 -0.121 0443 -0.062
B 0.049 0049 2.173 8.224  0.466 951  0.057 033 0254 0434 -0.123
05 1275 0892 D 0094 0.094 1652 14254 0517 550 0074 053 0220 0498 -0.103
E 0145 0145 1398 14477 0571 394  0.087 052 -0236 0503 -0.104
B 0020 0025 3.144 13542 0398 1593 0085 032 -0.131 0375 -0.044
04 583 0296 D 0036 0045 2395 12873 0416 924 0112 034 0056 0347 -0.008
E 0052 0065 1961 11117 0403 620 0136 038 -0030 0327 0001
B 0032 0040 2583 11.111 0430 1075 0.068 029 -0.121 0366 -0.045
04 878 0505 D 0059 0074 1988 15794 0471 637 0089 042 -0075 0402 -0.055
E 009 0113 168 16.189 0519 459 0111 050 -0064 0400 -0.044
B 0048 0.060 2.151 8.324 0.448 746 0060 035 0260 0449 -0.090
04 1211 0871 D 008 0110 1.727 12102 0529 481 0075 052 -0200 0485 -0.099
E 0132 0165 1459 16.622 0568 344  0.088 054 -0.198 0458 -0.070
B 0019 0032 3154 13547 0385 1202 0084 040 -0047 0376 -0.029
03 591 0312 D 0037 0062 2327 13547 0405 654 0114 038 -0202 0338 -0.018
E 0054 009 1915 10497 0.400 444 0138 038 -0166 0320 -0.005
B 0033 0055 2524 10039 0424 770 0067 034 0185 0379 -0.068
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