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Reminder Rossby Waves
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Using conservation of potential vorticity : R
+
/ = const.
Hy(y)
1.dh dy 0 I

S=Jot by with =0

With numbers B =(R /Rd)2 R, = \/gHo /[ f

the scaled leading order vorticity equation is:
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Basic dynamics: Nonlinear effects (Bu<<l1)
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vortex intensity O =V, / BR2,
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Simulation by Walsteijn & Cremers (see van Heijst, 1994)

Dispersion of the vortex Dominant nonlinear
into Rossby waves. effects.
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¢ Advection of ambient vorticity; the vortex is intensified at its west-side
-> displacement of the vortex centre to the West (Flierl et al. 1979)..
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¢ Intense singular vortices on a S-plane (Reznik, 1992)
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Eventually: wrapping around -> 1solated vortex.

For & =1 strong interactions with Rossby waves:



¢ Reznik &Dewar, 1994
Korotaev & Fedotov, 1994:
Llewellyn Smith, 1997: intense isolated vortices

¢ Dipolar moment due to an Eastward displacement and redistribution
of vorticity of a shielded vortex (Stern & Radko, 1998)
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Modelling
¢ “Rossby force” (Rossby, 1948)
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Rossby force Fp = pf3 [ Wz?}ad?",
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Lift force pT' v
I' = 2rRvg(R)

R is the radius of a circular streamline enclosing
the fluid containing vorticity. R= 1% €2

Isolated vortex vg(R)

0.
Non-isolated vortex vg(R) >0
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Vortex generation

Stirring 1n a cylinder: Suction of fluid:
Isolated (shiclded) vortex  sink vortex (non-shielded)
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-> different vortex velocity profiles, velocity steepness o

o=3 1solated, a.=1 non 1solated vortex Carnevale et al, 1991 ,
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Vortex trajectories
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» Carnevale,Kloosterziel & van Heijst 1991

° Coriolis platform Isolated & suction
vortices

" Small platform suction vortices



Translation velocity U
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O: strong velocity gradient a>1.4
B: weak velocity gradient a<1.4 ==>

Rossby waves are in phase with V
Locks on Rossby wave speed C, at radius when 6=1

v(R)=B(2R) =R,

Vortices with a<1.4: optimal correlation for U=0.6 B(2R )’

propagation velocity ~ Rossby-wave groupe velocity
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Comparison
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Direction of propagation depends on

. ; strong Rossby waves
in phase with the vortex
determine the propagation speed.
weak Rossby waves
vortex dynamics dominate and
propagation speed is slow.

. Potential flow model (initial value model)
- conservation of the vortex coherence
- ignores advection and Rossby waves
- no leaking of vorticity
nevertheless promising results.



