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Context: the objective of this project is to study mixing induced by an internal gravity wave field at the bottom 
of the ocean, by coupling three-dimensional numerical simulations and laboratory experiments of idealized 

configurations. 

 
Objectives / scientific questions: Two configurations have been addressed for this purpose, with and without 
rotation: (i) the interaction with a sloping boundary of a plane wave of finite-width; (ii) the generation of lee 

waves by a current flowing over an idealized topography. In the former case, the objective is to investigate the 

occurrence of mixing, away from the sloping boundary, induced by the secondary wave resulting from 

interaction between the incident and the reflected waves, when resonant conditions among these three waves 

occur; these conditions have been predicted by Thorpe (1987). In the latter case, the aim is to compare the lee 

wave field and the wake produced behind the topography, in terms of respective momentum flux and 

contribution to mixing. 
 

Main results: 

When the interaction of a plane wave of finite width with a sloping boundary (figure 1, top) is considered, 
results are very different depending upon whether a vertical plane or a three-dimensional domain is considered. 

In the former case, good agreement is found with Thorpe's theory (Leclair et al 2019) but mixing away from the 
topography is very weak. In three dimensions, a mean flow grows in time in the interaction region between the 
incident and reflected waves, as a result of nonlinear and dissipative effects (figure 1, bottom). This mean flow 

cannot occur in the two-dimensional simulations because of the topography. It modifies the frequency of the 
incident wave by Doppler effect and refracts it (Raja et al 2019). For a weak amplitude of the forcing, the mean 
flow absorbs the wave at a critical level; for a stronger amplitude, the wave breaks in the neighborhood of that 

level and mixes the fluid. Rotation reduces the amplitude of the mean flow. 

When lee waves are generated by a current flowing over an idealized topography in a rotating tank (figure 2, 
top), resonant interactions lead to the growth of inertial oscillations (PhD of P. Labreuche, 2015), which promote 

the breaking of the waves. A wake is also produced behind the topography (figure 2, bottom). The contribution 
to mixing of these two motions is currently under investigation within the PhD work of CD Garcia Molina. 
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Figure 1: Three-dimensional numerical simulations of the 

interaction with a sloping topography of a wave of finite 

width, modeling that created by a wave generator commonly 

used in laboratory experiments. Top: incident wave, visualized 

by the horizontal velocity component filtered at the forcing 

frequency. Bottom: same at top, now for the time average of  

the same component. A mean flow appears.  
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Figure 2: Three-dimensional numerical simulations of the emission of a 

lee wave field emitted by a current flowing over a hemispherical 

topography. Top: lee wave field visualized by the vertical velocity 

component once the steady regime is reached. Bottom: wake 

developing behind the topography, visualized by the vertical vorticity 

component at a given time. 

 
Future of the project: this project is currently being pursued as part of the thesis work of Mexican student Cruz 

Daniel Garcia Molina, which started in October 2015. 
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