
Ronald M. Caplan, Ricardo Carretero  

Nonlinear Dynamical Systems Group  

Computational Science Research Center 

San Diego State University 

 

IMACS 2011 



Introduction to Vortex Rings  

Mathematical Models  

High -Order Compact Schemes 

GPU Code Implementation  

Simulation Results and Future Work  



Vortex Rings 



Mathematical Models  NLSE and Two -Dimensional Vortex Review  

%(r;+; t) = f (r) exp[i(m++¼t)]

m : charge

Structure of 2D vortices  

Equal unitary charge Opposite unitary charge 

Nonlinear Schrödinger Equation  

Interaction Dynamics  



Mathematical Models  Vortex Rings  

[P.H. Roberts et. al (1971)] 

Co-moving Solutions to the NLSE (in z-direction) 

Due to vorticity, vortex rings have intrinsic velocity 

satisfies steady-state NLSE: 
Arbitrary  

phase shift 

Therefore, can find initial condition to a steady-state vortex ring solution as 



Mathematical Models  Vortex Ring Structure  

Cylindrical Axisymmetric Coordinates Form of vortex ring in half-plane: 

Better form for structure leads to new steady-state PDE 

Insert into co-moving steady-state NLSE: 

Formulate co-moving steady-state: 


