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Vortex rings

« Dates back to a pioneering work of Helmholtz in 1858

« Developed by Kelvin (formula for speed of Helmholtz's ring,
variational principle, conjecture for knotted ring, vortex atom
theory...)



Vortex pairs

e Heijst & Flor, Mature, 1989
« Symmetric & translating vortex by a constant speed

« Appears as stable vortex structure in large scale flows
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Traveling waves
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Steady flows
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L amb dipole (Chaplygin-Lamb dipole)

* The only known explicit solution founded by H. Lamb

 First appeared in 1906 at 39 edition of his “Hydrodynamics”
(2nd edition was published in 1895)

A non-symmetric dipole was founded by S. A. Chaplygin in 1903

« Rediscovered as “Modon” by Flierl et al. in 1983
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C,, a: determined by W, A

(r,0) : polar coordinate

J1: 1st order Bessel function of 1st kind



Orbital stability

o Geffena & Heijst, Fluid Dynamics Research, 1998
 Experimental & numerical works suggest stability

« Lamb dipole is multi-signed & traveling wave



A distance from orbit
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Stability of Lamb dipole

Thm(A & Choi, arXiv)

Llet0 < AW < oo. Forvvy>0,Ve > 0,35 > 0 s.t.
V{, € L> n L'(R%) satisfying x, € L'(R%),{o = 0, [[{oll1 < v,

d({y,w) <6 = 3{(t) s.t. d({(t),w;) <€, VEt>0



