
Accepted Manuscript

Wave turbulence and intermittency in directional wave fields

Elmira Fadaeiazar, Alberto Alberello, Miguel Onorato, Justin Leontini,
Federico Frascoli, Takuji Waseda, Alessandro Toffoli

PII: S0165-2125(18)30205-1
DOI: https://doi.org/10.1016/j.wavemoti.2018.09.002
Reference: WAMOT 2276

To appear in: Wave Motion

Received date : 25 May 2018
Revised date : 13 August 2018
Accepted date : 5 September 2018

Please cite this article as: E. Fadaeiazar, et al., Wave turbulence and intermittency in directional
wave fields, Wave Motion (2018), https://doi.org/10.1016/j.wavemoti.2018.09.002

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.wavemoti.2018.09.002


Wave turbulence and intermittency in directional wave fields

Elmira Fadaeiazara, Alberto Alberellob,c,∗, Miguel Onoratod,e, Justin Leontinia, Federico
Frascolif, Takuji Wasedag, Alessandro Toffolib

aDepartment of Mechanical and Product Design Engineering, FSET, Swinburne University of Technology,
3122, Hawthorn, VIC, Australia

bDepartment of Infrastructure Engineering, The University of Melbourne, 3010, Parkville, VIC, Australia
cSchool of Mathematical Sciences, The University of Adelaide, 5005, Adelaide, SA, Australia

dDipartimento di Fisica Generale, Università di Torino, 10125, Torino, Italy
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Abstract

The evolution of surface gravity waves is driven by nonlinear interactions that trigger an
energy cascade similarly to the one observed in hydrodynamic turbulence. This process,
known as wave turbulence, has been found to display anomalous scaling with deviation from
classical turbulent predictions due to the emergence of coherent and intermittent structures
on the water surface. In the ocean, waves are spread over a wide range of directions, with a
consequent attenuation of the nonlinear properties. A laboratory experiment in a large wave
facility is presented to discuss the sensitivity of wave turbulence on the directional properties
of model wave spectra. Results show that the occurrence of coherent and intermittent
structures become less likely with the broadening of the wave directional spreading. There
is no evidence, however, that intermittency completely vanishes.
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1. Introduction

A continuous energy cascade from large to small scales characterises isotropic and homo-
geneous turbulent hydrodynamic flows [1, 2, 3]. At small scales, away from the boundaries
and in the limit of infinite Reynolds numbers, turbulence can be described by the scaling
properties of the structure functions Sp. These are determined as the moments of the distri-
bution of longitudinal velocity increments δu(τ) = u(t+τ)−u(t) over small time separations
τ [1, 2]: Sp(τ) = 〈|δu(τ)|p〉, where u describes the flow velocity, t is the time, p denotes the
order of the statistical moment and 〈·〉 is the ensemble average. Note that reference to the
time domain is made upon the Taylor’s frozen turbulence hypothesis [4].
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