
Preface

The workshop “Dynamics and Structure of vortices” was held in the Clôıtre des
Pénitents in Rouen, France on the 27th and 28th April, 1999.

Our understanding of the structure and dynamics of vortices has improved
considerably during the last few years, mainly thanks to progress in turbulence
research, where these structures have been shown to play an important role.
The aim of this French workshop was to gather theoreticians, computational
researchers and experimentalists to illuminate various aspects of this subject.
We wanted on the one hand to present the state of art, and on the other hand to
collect the most recent contributions on the structure and dynamics of vortices.

This volume presents 22 articles corresponding to seminars and presenta-
tions given during this workshop. The first three articles correspond to general
presentations: A. Babiano presents the two-dimensional aspects of vortices; S.
Huberson and O. Daube give a review on numerical methods applied to vortical
flow; and M. Rossi presents theories of vortex instability.

The following 19 papers correspond to presentations given by the partici-
pants on their research subjects related to experimental, numerical or theoreti-
cal aspects of vortices. Many of these studies are tied to related fields, such as
turbulence, aerodynamics, wakes, geophysics, mixing, particles dynamics ...

The scientific committee of the workshop, A. Babiano, A. Maurel, P. Petit-
jeans and M. Rossi thank the CNRS for financial support through the Groupe
de Recherche “Turbulence” and the Groupe de Recherche “Mécanique fonda-
mentale des fluides géophysiques et astrophysiques”, and also the Association
Française de Mécanique.

We also take this opportunity to personally thank A. Babiano and M. Rossi
for their collaboration in the scientific organization of the workshop; A. Babiano,
S. Huberson and M. Rossi for the considerable work that went into preparing
their overviews; and all the authors of this volume and participants who greatly
contributed to the success of the workshop.

Paris, Agnès Maurel
June 2000 Philippe Petitjeans
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Université Paris-Sud, LIMSI
Bâtiment 508
91403 Orsay Cedex, France
gougat@limsi.fr

Rodrigo H. Hernández
LEAF-NL, Depto. Ingenieŕıa Mecánica
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Phénomènes Hors Equilibre
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de Milieux Hétérogènes,
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Université de Paris-Sud, LIMSI
Bâtiment 508
91403 Orsay Cedex, France
alexan@limxi.fr

Maurice Rossi
Laboratoire de Modélisation en
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Index

Aspect ratio 45

Batchelor vortex see Vortex
Beltrami
– Beltrami flow 107
– Beltrami vector 71
Biot and Savart law 97
Braid region 81
Breakdown 62, 70, 116, 127, 215, 309
Burgers layer 64, 82, 86, 88
Burgers vortex see Vortex
Burgers vortex layer 50

Cavitation 264
– cavitation inception index 269
Circulation 149, 235
Collapse 106
Coriolis force 76
Couette flow 45, 77
Crow instability see Instability
Cut-off 97, 112

Dispersion relation 77
Dispersive waves 76

Eckart’s variables 206
Eddy 137
Eigenmodes 217
Eigenvalue 150, 215
Elliptic flows 41, 109
Elliptic instability see Instability
Ellipticity 45
Equilibrium 147
Euler equations 148, 206
Experimental method
– Laser Doppler Velocimetry 292
– PIV 222, 242, 245
– pressure measurement 253, 257
– ultrasound characterization 233

– using bubbles 266, 312
– visualization 125, 136, 157, 222, 232,
243, 292

Feedback 279
Filament 147, 252, 309
Floquet
– Floquet exponent 110
– Floquet theory 96, 110

Group velocity 77, 103
Growth rate 249

Hamilton–Jacobi equations 208
Helical
– helical symmetry 41, 70
– helical waves 42, 98
Helix pitch 71, 75
Helmholtz equation 206, 209
Hill–Schrödinger equation 209
Howard-Gupta equation 115
Hyperbolic instability see Instability
Hyperbolic point 81

Impulse response 140, 142
Inertial waves 42, 99, 112
Instability
– absolute/convective instability 116,
167

– bidimensional instability 135
– centrifugal instability 41, 96, 115
– cooperative elliptic instability 227
– criterion of centrifugal instabilities
299

– Crow instability 223
– elliptic instability 41, 42, 76, 111, 116,
154, 193, 225, 248

– hyperbolic instability 41, 76, 82
– inflexion point instabilities 41
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– Kelvin-Helmholtz instability 81, 135,
268

– linear instability 143
– long-wave instability 165
– multipolar instability 154
– parametric instability 111, 112, 116
– secondary instability 80, 106, 114
– short-wave instability 169
– sufficient condition for instability 208
– tridimensional instability 135, 205,
221

Kelvin waves 41, 76, 106, 110
Kirchhoff vortex see Vortex

Lagrangian
– lagrangian description 208
– lagrangian tracer 293
Lamb vortex see Vortex
Liouville equations 208
Local induction approximation 98

Merging 243
Mode
– Kelvin modes 154
– mode A 136
– normal modes 76, 78, 80, 88, 89, 216,
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– varicose mode 99

Non-normality 76
Numerical Simulation
– DNS 140, 191

Orr-Sommerfeld equation 88

Parametric resonances 212
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Perturbation
– localized perturbation 140
– short-wavelength perturbations 207
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Reynolds number 51, 52, 57, 62, 64, 75,
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Rotating pipe flow 100

Scale invariance 77, 110
Schmidt number 245
Self-focusing 87
Shear flow 41, 48
Shear layer instability 41
Solid body rotation 40, 45, 76
Solid particle in vortices 293
Sound scattering 176, 235
Stability
– of periodically compressed vortices
209

– geometrical optics method 206, 303
– Rayleigh criterion 91, 115, 215
Stagnation points 45, 47, 149, 209
– hyperbolic stagnation points 41
Stretching 41, 42, 49, 64, 116, 126, 138,
236, 275

– rotation–stretching interaction 255
Sturm-Liouville equation 92
Swirl number 62, 69, 75
Swirling jet 63, 75, 140
Swirling jets 41, 42

Taylor-Proudman 63
Turbulence
– inhomogeneous turbulence 291, 297
– intermittency 297, 313
– power spectrum 296, 310
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– turbulent cascade 297
– turbulent flow 309
– turbulent fluctuation 309

Varicose waves 42
Viscoelasticity 135
Viscosity 112
Vortex
– Batchelor vortex 42, 62, 69, 75, 115,
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– large scale vortex 291
– Rankine vortex 52, 75, 98, 100
– stretched vortex 126, 252
– vortex bursting 140
– vortex core 210
– vortex interaction 221
– vortex layers 40, 48
– vortex pair 147, 162, 190, 221
– vortex street 135, 139, 174
– vortex tubes 40, 48
Vortices

– corotating vortices 147
– planar circular vortices 215
– trailing vortices 162
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– three dimensional instability 135
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Worms 263


