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Vortex dynamics on surfaces exploring new fluid phenomena brought by geometry
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We have conducted mathematical and numerical analysis of vortex dynamics on
surfaces such as a sphere and a curved torus, investigating the influence of curvature and topology
on vortex motion. The project consists of three sub-topics. (P1) Theory of vortex dynamics on
surfaces, (P2) Development of numerical methods of flows on surfaces, and (P3) Applications to
physical problems. The results are summarized as follows. (P1) Point vortex equilibria on a curved
torus, the analytic formula of incompressible flows with Liouville-type background vorticity on a
curved torus, finding stationary finite-length vortex sheets and the derivation of point vortex
dynamics in a doubly periodic domain. (P2) The method of fundamental solution for calculating
harmonic measures on a sphere, analysis of spot dynamics on a curved torus surface. (P3)
point-vortex statistics as a turbulent model on surfaces, and construction of quantized point-vortex

equilibria on surfaces as a model of superfluids.
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