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Fig. 1 The distribution of the surface maxima (a), wind
waves (b), and sine wave with single frequency (c). The
surface maxima in all altitudes occur with equal probability
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Tab. 1 Calculation result of JONSWAP spectrum(a=8.1><10"3, y=1.2)
w, (rads™) my (m?) m, (m’s™) m, (m*s™) 2m, 2—22 (m*s®) m, g—zz (m*s™)
0.4 5.91 1.63 0.62 9.31 9.39
0.5 2.42 1.04 0.62 4.74 4.78
0.6 1.16 0.73 0.62 2.74 2.76
0.7 0.63 0.53 0.62 1.72 1.73
0.8 0.37 0.41 0.62 1.14 1.16
0.9 0.23 0.32 0.62 0.81 0.81
1.0 0.15 0.26 0.62 0.58 0.59
1.2 7.301072 0.18 0.62 0.34 0.34
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2.2 6.46>107° 5.39><107? 0.62 5.47><1072 5.52>107°
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Tab. 2 Calculation result of JONSWAP spectrum(ar =2.25><107%, y =2)
@, (rads™) my (m*) my (m*s™®) my (m*s™) 2m,, Ziyan)z (m's™) m, g%; (m's™)
0.4 19.42 4.99 1.74 78.92 79.17
05 7.96 3.19 1.74 40.23 40.34
0.6 3.84 2.22 1.74 23.23 23.28
0.7 2.07 1.63 1.74 14.56 14.61
0.8 1.21 1.25 1.74 9.68 9.74
0.9 0.76 0.99 1.74 6.84 6.85
1.0 0.50 0.80 1.74 4.97 4.99
1.2 0.24 0.55 1.74 2.88 2.89
1.4 0.13 0.41 1.74 1.79 1.80
1.6 7.59>107° 0.31 1.74 1.20 1.21
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3 JONSWAP (e =5.06><107, y=3)
Tab. 3 Calculation result of JONSWAP spectrum(a =5.06><1072, »=3)
w, (rads™) my, (m*) m, (m?*s?) m, (m*™) 2m42—"a: (m*s™®) m, z%: (m*s™®)
0.4 51.32 12.41 3.99 4.49><10? 4.47>10?
0.5 21.02 7.94 3.99 2.28>10? 2.28><10?
0.6 10.14 5.52 3.99 1.31><10? 1.31><10?
0.7 5.47 4.05 3.99 82.97 82.50
0.8 3.21 3.10 3.99 55.30 55.10
0.9 2.00 2.45 3.99 38.80 38.63
1.0 1.31 1.99 3.99 27.96 28.03
1.2 0.63 1.38 3.99 16.31 16.25
1.4 0.34 1.01 3.99 10.19 10.19
1.6 0.20 0.78 3.99 6.77 6.80
1.8 0.13 0.61 3.99 4.80 4.79
2.0 8.21>1072 0.50 3.99 3.50 3.50
2.2 5.61>1072 0.41 3.99 2.59 2.61
2.4 3.96>107 0.34 3.99 2.01 2.01
4 JONSWAP (a=1.40><107", y=5)
Tab. 4 Calculation result of JONSWAP spectrum(a =1.40><107", y =5)
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5 JONSWAP (2=8.1=107 y=1.2)
Tab. 5 Calculation result of JONSWAP spectrum(ca =8.1><1073, y=1.2)

0 _ 1%/ _
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6 JONSWAP
Tab. 6 Calculation result of JONSWAP spectrum(a =2.25>< 107, y =2)

(a=2.25>107%, y=2)

a, (rads™) my (m?) m, (m’s7?) m, (m%s™) 22722(372) %JF%%Z:(SJ)
0.4 19.42 4.99 1.74 0.48 0.48
0.5 7.96 3.19 1.74 0.76 0.76
0.6 3.84 2.22 1.74 1.09 1.09
0.7 2.07 1.63 1.74 1.48 1.48
0.8 1.21 1.25 1.74 1.94 1.94
0.9 0.76 0.99 1.74 2.45 2.45
1.0 0.50 0.80 1.74 3.03 3.03
1.2 0.24 0.55 1.74 4.36 4.36
1.4 0.13 0.41 1.74 5.94 5.94
1.6 7.59>1072 0.31 1.74 7.75 7.76
1.8 4.74>1072 0.25 1.74 9.81 9.82
2.0 3.11>1072 0.20 1.74 12.11 12.12
2.2 2.12>1072 0.17 1.74 14.66 14.67
2.4 1.50><1072 0.14 1.74 17.44 17.45

7 JONSWAP (a =5.06><107, y=3)
Tab. 7 Calculation result of JONSWAP spectrum(« =5.06><1072, 7=3)
o (rads™)  my (mf)  my(ws?) my (s ) 22% (s?) Z—jﬁ—ji—ﬁ: (s?)

0.4 51.32 12.41 3.99 0.45 0.45

0.5 21.02 7.94 3.99 0.71 0.71

0.6 10.14 5.52 3.99 1.02 1.02

0.7 5.47 4.05 3.99 1.39 1.39

0.8 3.21 3.10 3.99 1.82 1.82

0.9 2.00 2.45 3.99 2.31 2.30

1.0 1.31 1.99 3.99 2.84 2.84

1.2 0.63 1.38 3.99 4.10 4.09

1.4 0.34 1.01 3.99 5.58 5.57

1.6 0.20 0.78 3.99 7.29 7.27

1.8 0.13 0.61 3.99 9.22 9.20

2.0 8.21>1072 0.50 3.99 11.38 11.36

2.2 5.61><1072 0.41 3.99 13.78 13.75

2.4 3.96>1072 0.34 3.99 16.40 16.35

G(e)
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8 JONSWAP (a=1.40<107", y=5)
Tab. 8 Calculation result of JONSWAP spectrum(a =1.40>< 107", » =5)
0 - 0 _
o, (rads™) my (m?) m, (m?s?) my (m’s™) 22 (52) T T (s2)
Omy, my m, Omy,
0.4 1.81><102 40.51 11.60 0.42 0.42
0.5 74.15 25.93 11.60 0.66 0.66
0.6 35.76 18.01 11.60 0.95 0.95
0.7 19.30 13.23 11.60 1.29 1.29
0.8 11.31 10.13 11.60 1.69 1.68
0.9 7.06 8.00 11.60 2.14 2.12
1.0 4.63 6.48 11.60 2.64 2.62
1.2 2.23 4.50 11.60 3.80 3.78
1.4 1.21 3.31 11.60 5.18 5.14
1.6 0.71 2.53 11.60 6.76 6.71
1.8 0.44 2.00 11.60 8.56 8.50
2.0 0.29 1.62 11.60 10.56 10.49
2.2 0.20 1.34 11.60 12.78 12.69
2.4 0.14 1.13 11.60 15.21 15.11
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RELATIONS AMONG CHARACTERISTIC VARIABLES OF
STEADY WIND WAVES

WEN Fan, GAO Zhi-Yi
(Physical Oceanography Laboratory, Ocean University of China, Qingdao 266003)

Abstract The macroscopic variables of wind waves are important for describing wind wave fields. The
relations among characteristic variables of wind wave fields are studied on the basis that wind waves have a
tendency to stay in chaotic state. The waves in frequencies close to the peak frequency of a spectrum absorb
energy from wind. The absorbed energy is redistributed through non-linear interactions in the spectrum. The
energy redistribution in the spectrum is responsible for the chaotic state of the waves, which leads to waves of
multiple scales and chaotic motion of wave surface (chaotic state of the wave field). In steady state of wind waves,
the motion of wave surface is the most chaotic. When the state of wind waves deviates from the most chaotic point,
the energy redistribution in the spectrum by non-linear interactions will drive waves back to the chaotic state. The
relations among characteristic variables of wind wave fields are established on the basis of linear theory of wind
waves, and well agreed with the observations. The relations among macroscopic variables of wind wave fields are
intrinsic. Although difference exist among the observations, the derived results in the paper agree well with the
results of experiments.

Key words Characteristic variable, Wind waves, Chaotic state



