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Summary: The generation of wind waves at the surface of an established underlying vertically sheared
water ﬂow, of constant vorticity, is considered. A particular attention is paid to the role of the vorticity
in water on wind-wave generation in ﬁnite depth. The present theoretical results are compared with
experimental data obtained by Young and Verhagen (Coast Eng 29:47-78, 1996), in the shallow Lake
George (Australia), and the least squares ﬁt of these data by Young (Coast Eng 32:181-195, 1997).
It is shown that without vorticity in water, there is a deviation between theory and experimental data.
However, a good agreement between the theory and the ﬁt of experimental data is obtained when negative
vorticity is taken into account. Furthermore, it is shown that the amplitude growth rate increases with
vorticity and depth. A limit to the wave energy growth, corresponding to the vanishing of the growth
rate, is obtained. The corresponding limiting wave age is derived in a closed form showing its explicit
dependence on vorticity and depth. The limiting wave age is found to increase with both vorticity and
depth.
MSC:
76E20
76M25
76B15
76E17
86A05

Stability and instability of geophysical and astrophysical ﬂows
Other numerical methods (ﬂuid mechanics) (MSC2010)
Water waves, gravity waves; dispersion and scattering, nonlinear interaction
Interfacial stability and instability in hydrodynamic stability
Hydrology, hydrography, oceanography

Keywords:
shear instability; Rayleigh equation; wind-wave generation; vorticity
Full Text: DOI
References:
[1]

Beji, S.; Nadaoka, K., Solution of the Rayleigh’s instability equation for arbitrary wind proﬁles, J. Fluid Mech., 500, 65-73
(2004) · Zbl 1075.76049 · doi:10.1017/S0022112003007262

[2]

Conte, SD; Miles, JW, On the numerical integration of the Orr-Sommerfeld equation, J. Soc. Ind. Appl. Math., 7, 4, 361-366
(1959) · Zbl 0094.22002 · doi:10.1137/0107030

[3]

Donelan, MA; Babanin, AV; Young, IR; Banner, ML, Wave-follower ﬁeld measurements of the wind-input spectral function.
Part II: parameterization of the wind input, J. Phys. Oceanogr., 36, 1672-1689 (2006)· doi:10.1175/JPO2933.1

[4]

Hristov, TS; Miller, SD; Friehe, CA, Dynamical coupling of wind and ocean waves through wave-induced air ﬂow, Nature,
442, 55-58 (2003)· doi:10.1038/nature01382

[5]

Janssen, PAEM, The interaction of ocean waves and wind (2004), Cambridge: Cambridge University Press, Cambridge·
doi:10.1017/CBO9780511525018

[6]

Kawai, S., Generation of initial wavelets by instability of a coupled shear ﬂow and their evolution to wind waves, J. Fluid
Mech., 93, 661-703 (1979)· doi:10.1017/S002211207900197X

[7]

Kharif, C.; Abid, M., Miles theory revisited with constant vorticity in water of inﬁnite depth, J. Mar. Sci. Eng., 8, 8, 623
(2020)· doi:10.3390/jmse8080623

[8]

Miles, JW, On the generation of surface waves by shear ﬂows, J. Fluid Mech., 3, 185-204 (1957) · Zbl 0078.40705 · doi:10.1017/S0022112057000567

[9]

Montalvo, P.; Dorignac, J.; Manna, MA; Kharif, C.; Branger, H., Growth of surface wind-waves in water of ﬁnite depth. A
theoretical approach, Coast. Eng., 77, 49-56 (2013)· doi:10.1016/j.coastaleng.2013.02.008

[10] Stiassnie, M.; Agnon, Y.; Janssen, PAEM, Temporal and spatial growth of wind waves, J. Phys. Oceanogr., 37, 106-114 (2007)·
doi:10.1175/JPO2982.1
[11] Thomas, R.: L’instabilité modulationnelle en présence de vent et d’un courant cisaillé uniforme. PhD thesis. Aix-Marseille
University, France (2012)
[12] Valenzuela, GR, The growth of gravity-capillary waves in the coupled shear ﬂow, J. Fluid Mech., 76, 229-250 (1976) · Zbl

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2022 FIZ Karlsruhe GmbH
Page 1

0336.76015 · doi:10.1017/S0022112076000608
[13] Young, IR, The growth rate of ﬁnite depth wind-generated waves, Coast. Eng., 32, 181-195 (1997)· doi:10.1016/S03783839(97)81749-8
[14] Young, I. R.; Verhagen, L. A., The growth of fetch limited waves in water of ﬁnite depth. Part 1. Total energy and peak
frequency., Coast. Eng., 29, 47-78 (1996)· doi:10.1016/S0378-3839(96)00006-3
[15] Young, WR; Wolfe, CL, Generation of surface waves by shear ﬂow instability, J. Fluid Mech., 739, 276-307 (2014)· doi:10.1017/jfm.2013.617
This reference list is based on information provided by the publisher or from digital mathematics libraries. Its items are heuristically
matched to zbMATH identiﬁers and may contain data conversion errors. It attempts to reﬂect the references listed in the original
paper as accurately as possible without claiming the completeness or perfect precision of the matching.

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2022 FIZ Karlsruhe GmbH
Page 2

