Spatially localized global Fourier analysis of 2D 3-vortex dynamics at R = 2 x 10* simulated
by dynamically adaptive spectral elements
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The spectral-element method (SEM) for numerically solving partial differential equations combines the
geometric flexibility and computational efficiency of the finite-element method with the high accuracy
of the pseudo-spectral method (PSM). With noted exceptions, most SEM applications have been to
compressible flow or to incompressible flow at low Reynolds number R; a new simulation code, the
geophysical-astrophysical spectral-element adaptive refinement (GASpAR) code, recently introduced for
2D linear and nonlinear advection-diffusion simulations [5], is now extended to decaying incompressible
Navier-Stokes flows at high R. GASpAR employs dynamic adaptive refinement (DARe) and coarsening, of
non-conforming h type. GASpAR simulations converge w.r.t. element size (algebraically) and polynomial
degree (exponentially) as quantified by comparison with 3 exact solutions. Dynamically adaptive GAS-
pAR simulation of biperiodic flow at R = 2 x 10 initialized with 3 Gaussian vortices (Fig. 1) [1, 3, 4, 0]
closely reproduces that by PSM with the same number of computational degrees of freedom, as well as
w.r.t. energy and enstrophy wavenumber spectra. The high degree enables a recently introduced SEM-
customized Fourier analysis [2] to find evidence of power-law-scaling regimes over about 1 wavenumber
decade, with exponents between 3 and 4, and a new apparent association between exponent value and
different flow features such as vortex filaments, that can be identified over different time intervals in cer-
tain spatial elements of various scales. Issues will be discussed, associated with isolating flow structures
for individual Fourier analysis, without introducing discontinuities.
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Figure 1: Vorticity ¢ [¢, Z] (contours logy(£(/m) = 0,...4): L = 226 elements, ¢t = 1.82tcaay; L = 256, t =
2-25teddy§ L=331,t= 3~96teddy§ L =409, t= 8~25teddy-

Citations

[1] P. Charton & V. Perrier, 1996: “A pseudo-wavelet scheme for the two-dimensional Navier-Stokes equations”, Comp. Appl. Math. 15, 137-157.

[2] A. Fournier, 2006: “Exact calculation of Fourier series in nonconforming spectral-element methods”, J. Comp. Phys. 215, 1-5 (http://dx.doi.org/10.
1016/3. jcp.2005.11.023).

[3] A. Fournier, D. Rosenberg & A. Pouquet, 2005: “Dynamically adaptive computation of multiscale coherent-structure interactions using GASpAR,”
International Conference on High Reynolds Number Vortex Interactions, Toulouse.

[4] N.K.-R. Kevlahan & M. Farge, 1997: “Vorticity filaments in two-dimensional turbulence: creation, stability and effect,” J. Fluid Mech. 346, 49-76.

[5] D. Rosenberg, A. Fournier, P. Fischer & Annick Pouquet, 2006: “Geophysical-astrophysical spectral-element adaptive refinement (GASpAR):
Object-oriented h-adaptive fluid dynamics simulation,” J. Comp. Phys. 215, 59-80 (http://dx.doi.org/10.1016/j.jcp.2005.10.031).

[6] K. Schneider, N.K.-R. Kevlahan & M. Farge, 1997: “Comparison of an adaptive wavelet method and nonlinearly filtered pseudospectral methods
for two-dimensional turbulence,” Theor. Comp. Fluid Dynamics 9, 191-206.


http://www.met.rdg.ac.uk/~swx06af/
http://www.met.rdg.ac.uk
http://www.image.ucar.edu/~duaner/
http://www.image.ucar.edu/~pouquet/
http://www.image.ucar.edu/
http://www.image.ucar.edu/TNT/Software/GASpAR/
http://dx.doi.org/10.1016/j.jcp.2005.11.023
http://dx.doi.org/10.1016/j.jcp.2005.11.023
http://dx.doi.org/10.1016/j.jcp.2005.10.031
mailto:fournier@ucar.edu
http://www.met.rdg.ac.uk/\protect \unhbox \voidb@x \penalty \@M \ {}swx06af/

