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Tab.1 The variation of waves parameters and lateral body force with wind speed
U(m/s) H(m) o(1/s) k(1/m) Tl - of N/m) 8, (m)
5 0.67 1. 680 0.288 0. 005 1. 74
10 2.20 0. 989 0. 100 0.010 5. 01
15 4.16 0. 751 0.058 0.016 8. 69
20 6.36 0. 626 0.04 0.022 12. 49
25 8.70 0. 548 0.031 0.027 16. 29
30 11. 13 0. 494 0.025 0.033 20. 05
35 13. 61 0. 454 0.021 0.038 23.75
40 16. 15 0. 423 0.018 0.043 27. 39
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Fig.1 The vertical profile of lateral body force under
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Tab.2 The variation of waves parameters and lateral body force wih wind feich
x( km) H (m) o(1/s) k(1/m) Tl - of N/m?) 8y (m)
10 1.02 1. 87 0.36 0.015 1. 40
25 1.51 1. 46 0.22 0.016 2.30
50 2.00 1.23 0.15 0.016 4.35
100 2.58 1. 04 0.11 0.016 4. 54
200 3.24 0. 89 0.08 0.016 6. 13
300 3.64 0. 83 0.07 0.016 7.20
500 4.16 0.75 0.06 0.016 8. 69
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Tab.3 The parameters of mcident waves and lateral body force varying with water depth

h( km) H(m) o(1/s) k(1/m) T| . o( N/ ) cosh2kh
2sinh’kh
0o .16 0.75 0.058 0.016 1.000
100 .16 0.75 0.058 0.016 1.000
50 1 0.75 0.058 0.016 1.006
30 .92 0.75 0. 061 0.016 1.055
20 .81 0.75 0. 066 0.018 1.163
15 .81 0.75 0.072 0.022 1.291
10 .92 0.75 0.084 0.032 1.564
1—6 13 s
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< 1.6/ k=25m - = 1. 10),
( 2sinh’kh )
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Tab.4 Comparson between the wind induced viscosity force and the lateral body force of fully developed waves
U Tl.- | Tl = -
’ 8(m) ’ D Moo o1
(m/s) (N/m’) (N/m’) I Tlz= 0 D
5 0.004 1.46 0. 003 15. 78 1.284 0.092
10 0. 008 5.82 0. 008 31.55 0.908 0. 185
15 0.011 13.10 0. 015 47. 33 0.741 0.277
20 0.015 23.30 0. 024 63. 11 0.642 0. 369
25 0.019 36. 40 0. 033 78. 89 0.574 0. 461
30 0.023 52.42 0. 043 94. 66 0.524 0.554
35 0.027 71.34 0. 055 110. 44 0.485 0. 646

40 0.030 93.19 0. 067 126. 22 0.454 0.738
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ANALYSIS OF WAVE-INDUCED LATERAL BODY FORCE

GAO Shan, SUN Fu
( State Key Laboratory o Estuarine and Coastd Research, East China Normd University, Shanghai, 200062)

“( Ocean Unwersity of China, Qingdao, 266003)

Abstract The wave- induced lateral body force is a newfound wave- driven force on ocean current. In order to un-
derstand the vertical structure of the wave- induced lateral body force, its variations in deep water with some factors
such as wind speed, wind fetch and water depth are analyzed respectively according to the Wilson IV wind waves em-
pirical formulae and the P-M nondimensional fully developed wind waves frequency spectrum. The results indicate
that the body force will augment continuously with the increases of wind speed and wind fetch till the waves become
fully developed; however this kind of augment is irregular since the wave height and the wave number usually change
oppositely with the increase of wind speed and wind fetch. Furthermore, the vertical variation of the wave-induced
lateral body force with bottom depth in shallow wa e is also calculated using the small amplitude theory of waves
propagating to the offshore, and the numerical solutions of wave number and wave height in shallow water. The result
shows that when the waves propagate to the shallow water from deep sea, the body force will be magnified, but the
magnification is not very evident until the product of bottom depth and wave number is less thanl. 6, at tha time, the
body force would be amplified drastically along with the fast increase of a shallow waer fador defined in this paper.
In order to explicitly evaluate the driven effed of the wave- induced lateral body force on ocean current relative to
the wind effed, a comparison between the body force and wind-induced viscosity force in constant Ekman drift was
made. By use of the classical Ekman drift theory and Wu Jing’ s ocean surface wind siress formula, the module of
wind induced viscosity force was calculated, and then we compared it with the magnitude of the wave- indu ced lateral
body force of fully developed wind wave at the same wind speed. The result shows that the surface magnitude of wave-
induced lateral body force was 70% larger than the wind induced viscosity force in normal sea of the mid-high lat+
tude, while the depth with corresponding effect was less than 30 of wind induced viscosity force. In rough sea, al
though the surface magnitude ratio of wave-induced lateral body force to wind induced viscosity force is less than that
of normal sea, their ratio of the effect depth becomes larger than in normal sea. It can be seen from the results that,
relative to the wind effect, the effed of wave-induced lateral body force is concentrated on surface layer, and is less
than the wind effect, but they indubitably have the same order. That is, when there exist waves, the magnitude of
drifi driven by wind and wave together would be larger than the theoretical Ekman drift that driven only by wind. Be-
sides, the direction of wind-wave driven drift is not completely accord with the Ekman drift theory, especially on the
upper layer of ocean. In particular, there is the status of surge with breeze in real sea. On that condition, the rela
tive effed of laeral body force is more important. Therefore, in one word, the effect of wave- induced lateral body
force should be counted in wind-induced currents in certain conditions.
Key words Wave-induced laeral body force, Wind-wave empirical formula, Ekman drift, Wind induced

viscosity force



