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Experimental setup : the [ab

The lab at ENS de Lyon,
or the charming atmosphere of experimental work

illustration by Hélene Bléhaut
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http://www.heleneblehaut.com/portfolio/2018/1/reportage-graphique-labphys-ens-lyon

Experimental setup : the tank

W=17 cm

flow will be considered 1
bidimensional

H~1m
L~1.70 m

Denis Le Tourneau

LIU] w Marc Moulin
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Experimental setup : the tank
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Conductivity probe measuring

the initial linear density profile

wave generator
of sinusoidal shape
«—>

knuckle

slope :
to get a focusing effect,
needed to get attractors

Velocity field is then monitored
via PIV method

salt-stratifed water

N ~ 0.7

Denis Le Tourneau
Marc Moulin
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Monochromatic forcing

To be more demonstrative, we used here fluorescent die to visiualize isopycnals

After ~ 1O perlods
we see fluid motion only

on a parallepipedic shape loop :

The wave generator plate is
moved with a sinusoidal movment
of period T ~ 15 s.

You can find some very nice movies here : law amplitude forcing and strong amplitude forcing (non linear effects)
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https://www.youtube.com/watch?v=6qgPdszHRzs
https://youtu.be/RHGDQiDOUx8

Differents attractors In trapezoidal tank

Maas et al. studied the trapezoidal geometry and summerized some results by plotting the Lyapunov
exponent (caracterizing how two initially closed parralel rays separate exponentially after bouncing on
the boundaries of the tank) in function of the tank geometry and the forcing frequency.
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwjvpLKA55npAhUO8BoKHeJLB7wQFjAAegQIAhAB&url=https://www.staff.science.uu.nl/~maas0131/files/maasetal97.pdf&usg=AOvVaw31ne9zby2jIfJlFx62tSmU
https://arxiv.org/abs/1805.04324

Differents attractors In trapezoidal tank

Maas et al. studied the trapezoidal geometry and summerized some results by plotting the Lyapunov
exponent (caracterizing how two initially closed parralel rays separate exponentially after bouncing on
the boundaries of the tank) in function of the tank geometry and the forcing frequency.
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1. IGW attractors

0. Study of the impulse response




Impulse response experiment

We suggested a new way of exploring this diagram : by moving very quickly (~ 1 sec)
the generator plate from an initially inclined position to the vertical one, one excites all
frequencies below N and gets the linear response of the tank.
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Fourier transform of velocity field
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Each colored dot
corresponds to one
given frequency :
with one experiment
we recover all the
attracotrs of a

geometry.
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accepted in PRL, 2020

Davis et al.,


https://arxiv.org/abs/2004.12625

Back to the Lyapunov diagram

very energetic
frequency

frequency

We see that the data of the 4 experiments shown here
indeed recover the diagramm of Maas et al.

very attractive
attractor

- log (Lyapunov exponent)

geometry

attractor

poorly energetic poorly attracting

We also recover the fact that trapezoidal geometries have
broad-band spectrum. It is not the case for the rectangular
tank that has a discret set of resonances (right line).

Davis et al., accepted in PRL., 2020
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https://arxiv.org/abs/2004.12625

2. Attractors in the non linear regime
a. Analysis of a non linear experiment




Non linear attractos
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low forcing : we see only the forcing harmonics
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large forcing : the spectrum is richer
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1he secondary waves

forcing frequenc

3D experiments

inear regime

Attractors in non |

IGW attractors



They fill the whole tank:
probably propagative

They present
some small scales

first harmonic
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The secondary waves : energy density
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The

secondary waves : E,_ ..
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http://www.theses.fr/2019LYSE1147

Triadic resonant interaction

These secondary waves are generated
via multiple triadic resonant interactions :
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http://www.theses.fr/2019LYSE1147

2. Attractors in the non linear regime

0. Slowly increasing the forcing amplitude
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frequency

N

Increasing amplitude experiment

We can see the transition from linear to non linear regime by
increasing slowly in time the amplitude of the wave generator :

200 300 . . 400. 500 600
time (in periods)
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Spatial spectrum

time and forcing increase

0.7
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We can do two observations concerning
these Spatial SpeCtrum : We can study the limit spectrum obtained

/ at large forcing amplitude
® it is becoming more continuous

: : This looks like an inverse cascade.
® the maxima of energy densr[y Al | «— But actually it is not. We can explain it
located to larger scales thanks to a two cascades mechanism

Davis, PhD thesis
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http://www.theses.fr/2019LYSE1147

Spatial spectrum : larger scales

Filtering a given secondary wave
at different times
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one can see that as it fills the tank it gets a larger typical wavelength
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When one cascade stops another

Filtering the velocity field at
the forcing frequency

u(t ~ 70 Tp) [mm/s] u(t ~ 450 Tj) [mm/s]

7 7

u(t ~ 520 Tp) [mm/s] u(t ~ 660 Tp) mm/s]

T

The attractor is less and less focused :
thus it generates secondary waves with greater and greater length scales
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When one cascade stops another

The maxima of energy density are
located to bigger scales because of a
two cascades mechanism :

L — T

/\/\/\/ﬂd >k

/\/\/\J\N , .. attractor is energetic enough :

TRI starts

N
/\f\ /\N The forced beam is too energetic :
A

» k TR starts before it forms

the final attractor
/\f\ 1. The forced beam is very energetic :

SFEZ " TR starts as it still presents large scales

linear transfer (due to the slope)
non linear transfer (due to TRI)
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Limit spectrum at high forcing

Energy spectrum
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https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/damping-of-quasitwodimensional-internal-wave-attractors-by-rigidwall-friction/BCF501A7736186319992302A78995A1C
https://arxiv.org/abs/2004.12625

Limit spectrum at high forcing

This power law does not seem to depend
on the particular geometry
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https://arxiv.org/abs/2004.12625

3. 3D experiments conducted at LEGI

a. The setp-up in the Coriolis facility
0. Some results




= 3D experiments in Grenoble

>

e generator

3D experimental set-up in the Coriolis facility
at LEGI (Grenoble, France).
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3D experiments in Grenoble

Energy spectrum
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The larger the forcing
amplitude is, the more
continuous is the spectrum.

Savaro et al., in revision for PRF, 2020
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