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Dynamics of ^o r tex Hag,

ta a rotating environment
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FIG U HE 1 Sketch of tbt experiment*] apparatus: 1 rotating t*bk 2 glass t*nk, 3 fork,
4 stand of tLf TOTIM gcijtrator 5 cylindricml prrtpw box with the circular onfirr on the
tup *nd t*ps in ihe literal surface, fl pU»tic tubffi cuDMCted io the ayrin^* driven
BU^motor sy^iem, 7 vidm-ciiaer*. Hie axis nf rotation p*fi«* through
circular orifice.
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FIGURE 3-
I =

i of a vortex nng evolution at RJJ = oo and Re 2? 1000:
12, (i) t = 16

Vortee*



tsi

FUTURE 4.
( ^ 7T (t) t = 10,

of a vorf RK at Rn = 4.i and Re 2 1000:
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Contour plots of aziniulh*J vartieity at Re^ 4S4 *nd Ro= oo
±O.40T for positive far negative

increments tiu =

AO -
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plots of ^ rou tha l vunifity at Rr= 4S1 and Ro= 5-5 vortLcity
±0-40, for posi t i^ — - - foff De(»tive 1



Contour plot- of uinnithal ifiortirity at Rr— 1500 and Rt>- 10
— ±0.40. for pofijr.jw (r>r urgalivr

A ttCcnctdrY



Trajectories

for higher rotation rates the ring decelerates



Ring velocities

Translation velocity decreases as Ro decreases

and
t

for Ro = oo, x and Ro = 23,
and Ro = 15.6, + and Ro = 12.7, V and

Ro = 8+2,
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FIGURE S. Particle trbjectoriec »̂JL niffMuj-rd vdadLv f*̂ s interpolated velocity fcj ind
vurtkity fi). of a vortex ring at Rn = 3,5 and Rr = 4S4 and * = 6, Vortidtj-

= 0-5, fbf positive and • few negative V»1IHS. X = r for X > 0
A = - r far X < Q.



Rotation effects

the ring slows down and cross-diffusion
weakens the structures.

an oppositely-signed vortex ring forms
ahead of the primary ring.



Pressure

Anticyclone => 'high pressure'

Cyclone => iow pressure1

CO &=5.5
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FIGURE 14, lntflipolaurd velocity fiHd of > ™*iex rinft at Ro = 0 60S md R^ = 4«4: (*}
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High rotations

the ring does not form

/2

t-6
«

inclined shear layers as for the problem of
'oscillating disk1 (Greenspan, 1968).
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FievHE 17
VortJcitj

plots of
Au = ±0.01,

vorticity »t R 4*4, Ro= 0.71X7 and I = 1Q*
for iuriCfrLivf VB1U^«.
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/ calculated from a simulation
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FIGL *E 16. Contain plena of uimuthaJ vorueity at R*-- 464,
(*) full Nivier-EtokPB run, f*̂  linear run Vorikity

iiuve. for

= 0.707 ind t = 7.2:
= ±0.05, for
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'Very hi&h' rotations

Ro —0

dt
+ u = u • Vu \Q +

1 due
He

= 0

'two dimensional' Taylor-Proud man column
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Experimental set-up

Vortex ring generator 1, fork and stand2,
watertaps and pipes 3,



FJt; I H r 2. Schematic cf the imtiiil condition and COlilpUtaLlOCL&l box.

On-





PKVU 13: Contoui plots of passive scalar concentration C in the hftxismtal grnukiCtrr plane z - 0

•n^retuents At? 0 1 i i l f e (At? = 0 1- minimum contour levefe: (a-cj C = 0 ?5n (J) C = 0 ? «td (e-ij C = 0 15
show tLc trajectory of the core cfintre3; Lhe instantaneous position nf tbe vOrt« Tine in

ear h piucl e denoted hy blatk dT





Velocity field

o

Z : =

To

p tic
r

vorticity filaments stripped from the vortex
ring depletion



Ring trajectories

Curvature enhanced as Ro decreases

2 4 6 8 10
Z

• Ro = 23>-*-ito = lb.6r—Ro = 12.7,-4-Ro = 8.2,
- numerical simulation at Ro = 23*



Ring trajectory

y (cm)

5 10 15 20 0 10 20 30 40 50 60

straight path in an inertia! frame

Exp.
1
2
3
4

ft (s-1)
0,06
0,09
0.11
0.17

ttT (s"1)
-0.06 ±0.002

-0.101 ±0.002
-0.12 ±0.002
-0,17 ±0.002
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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

• Rer = 200, ReL/ReY = 0.06

= 8, L x = 6 . 6 1 , L , = Lz = 3 , 1 1 .

t = 16, Lt = 10.93, L, = L. = 2.42. ' " = L> = »

Burgers vortex
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Angled short vortices ('sticks')

Rer = 200, So = 0. (no strain)

t-0

U16
K 4.

•urffeiCi is
12U*. (84

of w i tmty •^gwiimiii [UL angled sticifFi wt R*
drawn At |u.'| = G.C | *-»_.j_(*) |. Tbfi Jtlitinl Futglr
UI grid).

stick AKPR I«
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Uniform diffusing vortex



Conclusions
rinq r*ot\Orv //jTL

[Low rotations': the ring slows down and weakens

'High rotations1: formation of oblique shear layers

high rotations': 2DTaylor column

3D: small misalignment very important.

fit I *

f r ' — / J

f J



Conclusions

The ring follows a curved trajectory

Straight path in an inertial frame

The ring weakens in time owing to a peeling process

The ring remains 'toroidal1 up to the end of the evolution

Future work: higher rotation rates


