6th European Conference on Computational Mechanics (ECCM 6)
7th European Conference on Computational Fluid Dynamics (ECFD 7)
11 15 June 2018, Glasgow, UK

SPECTRAL ANALYSIS FOR COMPARISON OF
SECOND-ORDER FLOW STRUCTURE IN DNS
SIMULATIONS

Charlotte L. Haley!*, Christopher J. Geoga', Andrew Siegel?, and Mihai
Anitescu'?

! Argonne National Laboratory Mathematics and Computer Science Division 9700 S Cass Ave,
Lemont IL, 60439, {haley,cgeoga,anitescu}@anl.gov,
www.mcs.anl.gov/person/{charlotte-haley, chris-geoga, andrew-siegel, mihai-anitescu}

2 University of Chicago, Department of Computer Science 1100 E. 58th Street, Chicago, IL
60637, USA
3 University of Chicago, Department of Statistics, George Herbert Jones Laboratory 5747 S.
Ellis Ave., Chicago, IL 60637, USA

Key words: DNS Simulation, Spectral Analysis, Applications, Computing Methods

We propose a fully spatiotemporal approach for identifying spatially varying modes of oscillation
in fluid dynamics simulation output by means of multitaper frequency wavenumber spectral anal-
ysis. Two-dimensional frequency wavenumber spectral analysis allows one to decompose wave-
forms into standing or traveling variety. The extended higher-dimensional multitaper method
[1, 2] proposed here is shown to have improved statistical properties over conventional non-
parametric spectral estimators, and is accompanied by confidence intervals which estimate their
uncertainty. Multitaper frequency-wavenumber analysis is applied to a canonical benchmark
problem, namely, a DNS of von Karman vortex shedding of a square wall-mounted cylinder
with two in flow scenarios with matching momentum-thickness Reynolds numbers Re = 1000
at the obstacle [3]. Frequency-wavenumber analysis of a two dimensional section of these data
reveals that although both the laminar and turbulent in flow scenarios show a turbulent —5/3
cascade in the wavenumber and frequency, the flow characteristics differ in that there is a signifi-
cantly more prominent discrete harmonic oscillation near (f,r) = (0.2,0.21) in wavenumber and
frequency in the laminar in ow scenario than the turbulent scenario. This frequency-wavenumber
pair corresponds to a travelling wave with velocity near one near the centre path of the vortex
street.
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