contact: AYAHLAZAR@gmail.com

Stability of Submesoscale Wake Vortices Aison

1) LMD, Ecole Polytechnique, LMD, IPSL, Palaiseau, France
Geophysics and Planetary Sciences, Tel-Aviv University, Tel-Aviy, Israe

. . .po 2)
in a Rotating and Stratified Shallow-Water Layer: B B Corle, NS, b Ty
1 Abstract Laboratory Experiments

Laboratory experiments were performed at the Coriolis rotating platform
to study the three-dimensional instabilities of intense wake vortices. A linear Ayah Lazar (12, Alexandre Stegner @, Rui Caldeira ), Samuel Viboud 4
salt stratification was set in the upper layer on top of a thick barotropic layer, and Henri Didelle 4
to mimic the oceanic thermocline on top of the deep-ocean. In order to
reproduce the dynamic of a surface current interacting with an isolated and \
steep island (or archipelago), a few obstacles, immersed only in the top 3 Data
stratified layer, were towed in various velocities and stratifications.
Generating a wake of submesoscale eddies (i.e. radius smaller than the local
deformation radius).

This experiment is the first laboratory study, at large Reynolds numbers
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2 Experimental set-up

We model the surface intensified flow on an island by D.lﬁerent. towmg speeds produce vortices of
dragging a cylinder in the stratified shallow upper layer of different intensities:

(Re=3000-50000), exploring the impact of the thermocline stratification on water in the 14m diameter LEGI-Coriolis rotating tank. The BV IR [Rol |Vimaz
T I3

Fhe #ab\l\ty of |ntgns.e shgllow-v@ter anticyclones. It is well. knov‘./n that upper layer is seeded with particles which are illuminated and Rf B
|ne‘rha| a‘nd/or> elliptical |n.sta‘b|||hes /may strongly destabilize |nterTss captured by 4 different cameras "
anticyclonic eddies (with vorticities of &/.f < —1, where C is the relative " 1/Ek P 300
vorticity and f is the Coriolis parameter). However, we found that several o 3
anticyclones remain stable even for intense negative vorticity values, even up. Ap [g/po
to(/'./ ~ —=3.5 m strong stljahﬁcahon conditions (i.e. large burger n.umber)A 51 N/f=7-20 T i Ry _ Particle displacement Velocity and vorticity fields
Llnearb stabl!lty arﬁalysls shows that the growth of three-dimensional R (ten consecutive frames) o mer obtained by PIV software
perturbations, is mainly controlled by: the Burger number, the Rossby i
number, and the Ekman number. Both laboratory and theoretical studies 8 Caﬁeful tovstay in the sub- <
confirm a large stability region for the submesoscale anticyclonic vortices, J critical regime: (
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particularly when the Rossby and the Burger numbers are large. = % particles for PIV processing Towing the cylinder in the tank 4
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Simulation by Rui Caldeira, wakes.uma.pt S. Teinturier et @, 2008 Taken at the experiment (marked A) is followed
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4 Linear stability analysis

Assumptions:

* Mean flow and perturbations

are axisymmetric 9y — 0

* Boussinesq approximation

* Prandtl number ~ 1

 Small vertical scale compared to horizontal y2 _. ;2
Linearized equations: f

6 Stability Diagram

The flow is characterized by:
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(3) And the vorticity

Vortex Rossby number or core vorticity
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Ap(ru) + d-w = 0,

Defining a stream function and looking
for a normal mode solution:
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The vertical wave number is quantized
due to vertical confinement:
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Anticyclone vorticity profile (exp €25_012, for
For strong stratification (slightly different SAgmplejis parabllc/conlcal:
for non-stratified), where:
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8 Conclusions and Achievements

e Our simple model predicts stability well.

* The parameters that control the instability are the vortex Rossby number, the Burger and the Ekman numbers.

* Anticyclones with strong core vorticities may still be stable, because their respective vortex Rossby number is low
enough (this ratio depends strongly on the vortex shape).

o The stratification moderates the instability

o The larger the radius of a vortex (compared to the deformation radius) the more unstable it is

o A signature of inertial Instability — the Vortex Rossby number of the unstable anticyclone decays while the core
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Core vorticity is very high ~-8
Vortex Rossby number is ~-2.5
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