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Motivation

o Gaophysical flow
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FIGURE 1. Sketch of the experimental apparatus: 1 rotating table, 2 glass tank, 3 fork,
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FicuRE 3. Dvevisualizations of a vortex ring evolution at Ro = oo and Re = 1000: (a
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Contour plots of azimuthal vorticity at Re= 454 and Ro= oo vorticity increments Aw =
+0.40, — for positive ---- for negative values.
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Comtour plots of azimuthal vorticity at Re= 434 and Ro= 5.5 vorticity ncrements

Aw = +0.40,

for positive ---- for negative values.
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Contour plots of azimuthal vorticity at Re= 1500 and Ro= 10 vorticity mcrements
Awr = +0.40, —— for positive --- - for negative values.
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Trajectories

e for higher rotation rates the ring decelerates
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Ring velocities

e Translation velocity decreases as Ro decreases
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1 rings wih background roiation
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rfor X >0

484 and t = 6. Vortiaty

3.5 and Re
for negative values. X

for positive and -

==

FiGURE 8. Particle trajectories (s ), measured velocity (), interpolated velocity (¢) and

azimuthal vorticity (d), of a vortex ring at Ro =
incremnents Aw = 0.5,
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Rotation effects

e the ring slows down and cross—diffusion

€85.

weakens the structur

¢ an oppositely-signed vortex ring forms

ahead of the primary ring.
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Pressure

e Anticyclone = ‘high pressure’

e Cyclone = ‘low pressure’
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2D phenomena
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FiGURE 14. Interpolated velocity field of a vortex ring at Ro = 0.605 and Re

T=4 (b)T=6
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High rotations

e the ring does not form

e inclined shear layers as for the problem of
‘oscillating disk’ (Greenspan, 1968).

Re = ¢ 94 Ko=0.6
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FIGURE 17. Contour plots of azimuthal vorticity at Re= 484, Ro= 0.707 and t = 10,

Vorticity increments Aw = +0.01, — for positive, ---- for negative values.
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e v =sin"'(Rof)

f calculated from a simulation

¥ (predicléal ) | X (measored)
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FiGURE 16. Contour plots of azimuthal vorticity at Re= 484, Ro= 0.707T and ¢t = 7.2:
{a) full Navier-Stokes run, (b) linear run. Vorticity increments Aw = £0.05, — for
positive, - -—- for negative values.
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‘Very high’ rotations

e Ro — 0
=9 -V l=w- V2w |o,
1 +u-Vw |p=w vu|a+R03I+Re w g

e — Jdug/dx =0
‘two dimensional’ Taylor-Proudman column
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Experimental set—up

L)

Vortex ring generator 1, fork and stand2,
watertaps and pipes 3,
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FIGURE 2. Schematic of the initial condition and computational box.
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FiGuRE 13: Contour plots of passive scalar concentration © in the horizontal symmetry plane : = 0
2f ihe yortor rine nbik~ined o a e sl silbuiacion with fo = i A e = Fg. qu; T =17, )
= 3a, (c) t = 50, (d) 1 =67, (e) t = 83, (f)t =100, (g) t = 117, (A) ¢ = 133, (1) ¢t = 150. Contour
increments AC = 0.1; minimum contour levels: (ae) C =025, (d) C =02 and (e~i) C = 0.15
The insets show the trajectories of the core centres, the instantaneous position of the vortex ring in
each panel is denoted by black dots.
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Velocity field
(n o frame mouing wiTh The ring)
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Ring trajectories

e Curvature enhanced as Ko decreases

10

o Ro = 23— Ro = 15.6=s=Fo0 = 12.7,~—~Ro = 8.2,
numerical simulation at Ko = 23.




e straight path in an inertial frame

Ring trajectory
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Waves in the ring
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Oscillation period independent of Ro = Kelvin waves
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Aligned strained sticks

L RE[‘ = 200, REL/RBF = 0.06

t=8L,=661,L,=L, =311

s

t=24,L, =1807,L, =L, = 188

t=16,L, =1093, L, = L, = 2.4,

e Burgers vortex —p waves are€ mMpaf?éfé; wrln
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Angled short vortices (‘sticks’)

e Rer = 200, Sy = 0. (no strain)
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Ficure 4. Iso-surfaces of vortioty maguiwde or angled sticks at Rep = 2000 Iso-
surface is always drawn at |w| = 0.6 | wypee(t) |- The initial angle between stick axes s
1207, (G4 = 64 x 64 grid).

e Uniform diffusing vortex




Conclusions
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e ‘Low rotations’: the ring slows down and weakens
e ‘High rotations’: formation of oblique shear layers

e ‘Very high rotations’: 2DTVaylor column

¢ 3D: small misalignment very important.
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Conclusions

e The ring follows a curved trajectory
e Straight path in an inertial frame
e The ring weakens in time owing to a peeling process

e The ring remains ‘toroidal’ up to the end of the evolution

e Future work: higher rotation rates




