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Ocean Waves are characterized by their frequency w, their elevation
1 and their wavenumber k:
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In the linear approximation, they obey the Euler equation, both in air and in
water: 9
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and appropriate continuity relations at interfaces.
The dispersion relation is obtained by equating the air pressure F; with water
pressure at the interface, which gives in absence of wind, and in infinite depth:

Py = Py — pair 91 + kpairnc” - (3)
This leads to the following dispersion relations:
w'=kg; =g/k . (4)

In the presence of wind, Miles’ theory allows to calculate the new air pres-
sure, leading to a complex celerity whose imaginary part yields the exponential
growth ~
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which characterises wind-wave energy transter.

Wind Wave Interaction: Miles’ Approach Wwind constitutes an
external flow field Ugyt(2). From the hydrodynamics in the air domain, the spatial air pressure
can be expressed as a function of the vertical position through an integral equation:
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The non-dimensional integral I is, following Beji and Nadaoka [3)]:

= //@ h (U<Z> _ 1) 4=(2) k) (7)

20 C

where u(z) is the air flow perturbation induced by the wave, respecting the boundary condition
uz(00) = 0.

In a first step, Miles shows that the air flow perturbation u,(z) induced by the wave, obeys the
Rayleigh / Orr-Sommerfeld equation 4] in the air domain:
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When c is real there is a singularity where the denominator vanishes Beji and Nadaoka [3] have
put forward a numerical procedure to solve for the air flow perturbation uz(z), which yields the
integral I, from which the wave growth follows as
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in the case of Miles” ocean (infinitely deep, no currents, no viscosity).

Celerity c

—>

Roughness Layer

Current V

ext

Boundary Conditions

ARR

Other hydrodynamic context Ceneralisation to more complex hydrodynamic scenarios are
quite recent, accounting for finite water depth |5], shear low mimicking underwater currents |6, and the role of viscosity
110]. All are of direct interest for practical applications, such as the forecast of ocean waves, the growth of waves in
the shore regions and the associated issues of coastal erosion, but potentially also for installing sea-based wind farms.
Generalising Miles’ is involved (analytically and numerically)

Recently we have shown that Miles’approached, initially proposed for a still and infinitely deep ocean of inviscid water,
is in fact generic: it can easily be adapted from the mathematical structure of the arguments put forward by Miles [11].
Wave growth rates in complex hydrodynamic situations can be inferred directly from those in Miles conditions. The
corresponding conversion factors are determined from the hydrodynamic water pressure produced by a propagating
surface wave.

To do this we compare two contributions: the dynamic contribution to the Archimedian water pressure at the interface,
on one hand, and its equivalent for Miles hydrodynamics, on the other hand, measured through a coefficient P:
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The growth rate can then easily be calculated, by applying a hydrodynamic coefficient X to the growth coefficient
~vas in Miles” conditions:

Y=Xx0X7Ym  Wwith  xo= - (11)
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[mportantly (and conveniently!), these coefficients can be determined without wever accounting for wind in the hy-
drodynamic calculations (hence the subscript '0’).

Miles growth coefficients v et

self-regulates wave growth.

as a function of theta, and a log-log plot of v as a function of 1/6.

Miles has defined another growth parameter which is
directly linked to the pressure field around the wave: 5 = 6% < (f ), where 0 is the wave age, defined as 6 = ¢/U.
This coefficient is constant for young seas (brief exposure to wind), but it it severly dropss for intermediate seas,
and finally vanishes completely at a wage age of 12.8. This is known as the developed sea, which ultimately

Many measurements have been taken along the twentieth century around the world, on seas oceans and lakes (5

Goal: understanding the developed sea

The purpose of this internship is to study the impact of combined hydro-
dynamic conditions on the maximum age, which ultimately limits the wave
orowth.

The starting point for this internship will be to understand all the
physics exposed above, from first principles to the meaning of every
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established relation. This involves some elements of hydrodynamics. Our
publications below can give an idea.

The main objective then is to focus on the developed sea, i.e. on the
limiting wave age 0p,qz. A certain number of hydrodynamic conditions
have been explored (finite water depth, marine shear current, viscosity),
but the question of the limiting wave age 6,4, has not been analysed
systematically. This is even more true when several such effects are
combined. Using the approach outlined above [11], studying this question is
now largely simplified from a technical point of view. However, extracting
the important features of such theoretical predictions - and presenting
them in a way interesting in real situations - still requires a lot of effort and
insight in the physical phenomena.

In addition, there will be options to extend the topic according to the taste
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As shown by the right panel, measurements of the growth rate in varying conditions confirm Miles theory:.

u/c of the student taking up the internship (theoretical, conceptual, numerical
or with an orientation towards marine physics and its applications).

Pre-requisites: some notions of hydrodynamics; programming (ideally
Python); an open mind and an interest in interdisciplinary modelling
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