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Reflection from slopes: focusing

Schematic view of the reflection of an internal wave beam at a slope tilted
with an angle α. cg indicates the group velocity and g the gravity.
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Introduction

Ocean abyssal stratification and internal waves
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3D DNS of attractors

Instabilities in 3D internal wave attractors (1,1).

Horizontal velocity in positive (red) and negative (blue) directions
during instability development (LHS). Absolute value of instantaneous
velocity vector during instability development (RHS).
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3D DNS of attractors

Time-frequency diagram and bispectrum demonstrate a perfect TRI.

t/T0

ω
/N

log(amp(Ux))

 

 

10 20 30 40 50 60

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

−5

−4.5

−4

−3.5

−3

−2.5

−2

−1.5

−1

−0.5

0

Ilias Sibgatullin 5 / 14



3D DNS of attractors

3D DNS Fourier transform and bispectrum,
t = 450..1770s. Evidences of a TRI cascade
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Large aspect ratio domains
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Large aspect ratio domains

Areas of existence:
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Large aspect ratio domains
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Large aspect ratio domains

Spectra and TFD, developement of waves at multiples of f0/2
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Large aspect ratio domains
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Large aspect ratio domains
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Large aspect ratio domains

Ilias Sibgatullin 13 / 14



Conclusions

Triadic resonances are confirmed to be the primary cause of instability of
internal wave attractors for aspect ratio ≈ 1. In this case there is a strong
evidence for a cascade of TRI with multi-peak discrete frequency spectrum.
The aspect ratio plays a crucial role in estimating the behavioral patterns
during the nonlinear evolution of viscous internal wave regimes. Our findings
enable the generalization of the triadic resonance instabilities (TRI) scenario.
In the frequency domain, if the interval between the forcing frequency and
buoyancy frequency encompasses superharmonics of the forcing frequency
f0, then transition to turbulence as the forcing amplitude increases occurs as
follows:

1. first, there is an energy pumping to the integer superharmonics
between the forcing frequency and buoyancy frequency f0;

2. next, there happens a hydrodynamical instability at multiples of
half-frequencyf0/2,

3. and finally we have triadic resonances cascade in every half-f0 interval
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