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Tab.1 Values of C, E, A,,and A, for various wind speeds U,,and water depths £

C(x107% E(m?) 13 Qs
h(m)
5m/s 7.5m/s 10 m/s 5m/s 7.5m/s 10 m/s 5 m/s 7.5m/s 10 m/s 5 m/s 7.5m/s 10 m/s
5 —45 201 -405 0.0359 0.196 2 0.897 7 0.164 6 0.345 1 1.243 0.017 3 0.033 9 0.265 1
7.5 -19 -127 -295 0.0356 0.1823 0.661 3 0.148 8 0.274 4 0.504 2 0.008 4 0.019 3 0.087 8
10 -8 —66 -173 0.0355 0.179 0.603 1 0.144 8 0.162 8 0.288 9 0.004 8 0.008 2 0.044 9
20 —4 -14 —81 0.0355 0.1779 0.564 4 0.144 8 0.144 9 0.165 2 0.004 4 0.004 8 0.0213
100 -3.1 -2.0 —11 0.0355 0.177 4 0.561 0 0.144 8 0.144 5 0.143 5 0.005 6 0.007 8 0.008 9
1000 2.8 -1.8 -2.9 0.0355  0.1774 05605  0.1448  0.1445 0.1436  0.0025  0.0050 0.0078
1 , C E A& A 0, E=05605m?, E =
, 0.5433m?, E#E,, A 0.144,
10 m/s 1 000 m ,
, C=0, A =0, , ,
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Tab.2 Valuesof C, E, E;, A3,and A, for various inverse wave agesQ

Q C E(m?) Ei(m?) A A4
0.8333 —0.40 5 0.897 7 0.543 3 1.243 0 0.265 1
1 -0.027 0 0.3412 0.273 7 0.396 0 0.065 4
1.5 -0.007 0 0.082 7 0.078 1 02173 0.0129
3 —-0.001 3 0.007 5 0.007 3 0.173 6 0.007 9
5 —-0.000 5 0.001 3 0.001 2 0.143 0 0.0059
05 - b b
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5 03 5
Y
02k , 0 -0.4 m/s
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YW 2 o o 1 2 3 0.620 7 m>, E/E : p
¢ 1.243 0 1.801 7, A, 0265 1
4 5 m/s, 5 m, s 0.290 2, s
Fig.4 The probability density functions of wave surface ele- , ,
vation for various inverse wave ages, wind speed at
5 m/s, water depth at 5 m, and no background current ’
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Tab.3 Valuesof C, E, E;, A3,and A, for various steady and uniform current speeds U
U(m/s) C E(m?) E(m?) A A4
0.4 —-0.043 8 0.739 5 0.481 8 0.306 4 0.027 1
0.2 —-0.041 3 0.818 4 0.513 1 0.586 3 0.129 9
0 -0.040 0.897 7 0.543 3 1.243 0 0.265 1
-0.2 —0.0343 1.056 1 0.578 2 1.4155 0.272 0
-0.4 —0.018 2 1.407 4 0.620 7 1.801 7 0.290 2
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Numerical study on the nonlinear behaviors of wave surface
elevation
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Abstract: Based on a previously published nonlinear wave-surface model, we have calculated the time series of
wave-surface elevations and their statistical distribution with Combi wave spectra under conditions of a steady
background current in a finite water depth. This is in, accordance with the second-order expression of wave-surface
elevation. We also analyzed the changing characteristics of the wave-surface elevation distribution by wind speed,
water depth, inverse wave age, and steady background current. The effects made by second-order nonlinearity on
the wave-surface elevation distribution under various ocean conditions have also been discussed in this article. Ac-
cording to our analyses, second-order nonlinearity leads to a non-Gaussian distribution of wave-surface elevation.
Indeed, second-order nonlinearity is affected by wind speed, water depth, inverse wave age, and a steady back-
ground current. Increasing the wind speed and inverse wave age, decreasing the water depth, or when the steady
background current is against the wind direction, the effect of second-order nonlinearity will increase. This, leads to
an increase of the skewness and kurtosis of the dimensionless wave-surface elevation distribution, however, the
effect of the second-order nonlinearity will decrease. When the steady background current spreads in the same di-
rection as the wind, although the effect of second-order nonlinearity decreases, the average wave-surface elevation
is lower than the static water surface. When the steady background current is against the wind, although the effect
of second-order nonlinearity increases, the average wave-surface elevation is inclined to the static water-surface. In
conclusion, second-order nonlinearity has significant effects on wave-surface elevation, and it is necessary to add
second-order nonlinearity to numerical simulations of wave-surface elevation. According to the analyses mentioned
above, since the wave-surface is the most basic characteristic of an ocean wave, the addition of second-order
nonlinearity will improve the numerical accuracy of wave-surface and ocean wave stimulations. This, will improve
forecast accuracy, making significant differences in ocean engineering, air-sea interactions, and the dynamics of the

upper ocean.
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