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Introduction & outline

Eigensolution analysis framework ‘ ‘ \.) ’ ’ ” \ ‘ ‘ \.) ’ ’
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Temporal vs. spatial approaches

DG’s behaviour for
 gpatially evolving problems
« varying upwinding effects

CG’s behaviour for

 gpatially evolving problems
 robust stabilisation via SVV

Guidelines for under-resolved simulations
(including SEM-based iLES / uDNS)
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Wave resolution and eigenanalysis

kA =27

Adequalsly Sarmpled Signal
Kkh="7?

Kh/m=7?7?

where Aliasad Signal Dus to Undarsampling

m = p for CG

m=p + 1 for DG th:n
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Temporal VUs. Spatial analysis frameworks

« Temporal approach

« assumes periodic BCs
« waves are coherent in space
* input over all x at one t (initial condition)

« driving parameter is the wavenumber
* solution recycled : =

« useful for temporally evolving problems

« Spatial approach

« assumes inflow/outflow type BCs

« waves are coherent in time

* input over all t at one x (inflow boundary)
« driving parameter is the frequency o

e solution renewed [

« useful for spatially developing problems
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Temporal eigenanalysis of DG — linear advectionin 1D
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Temporal eigenanalysis of DG — linear advectionin 1D
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(standard upwinding)
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Temporal eigenanalysis of DG — linear advectionin 1D

 DG’s central flux limit does not surprise
(dispersion remains approx. the same, dissipation goes to zero)
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Temporal eigenanalysis of DG — linear advection in 1D

DG’s central flux limit does not surprise
(dispersion remains approx. the same, dissipation goes to zero)

The situation however changes in case of over-upwind bias
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Temporal eigenanalysis of DG — linear advection in 1D

DG’s central flux limit does not surprise
(dispersion remains approx. the same, dissipation goes to zero)

The situation however changes in case of over-upwind bias
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R. C. Moura, GG. Mengaldo, J. Peird, and S. .J. Sherwin. On the eddy-resolving capability of high-

order discontinuous Galerkin approaches to implicit LES / under-resolved DNS of Euler turbulence.
Jouwrnal of Computational Physics, 330:615-623. 2017.

Temporal eigenanalysis of DG — linear advection in 1D

DG’s central flux limit does not surprise
(dispersion remains approx. the same, dissipation goes to zero)

The situation however changes in case of over-upwind bias
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Spatial eigenanalysis of DG — linear advection in 1D
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discontinnons Galerkin schemes with practical insights for under-resolved computations and implicit
LES. Computers & Fluads, 2017 (under review).

Spatial eigenanalysis of DG — linear advection in 1D
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Spatial eigenanalysis of DG — linear advection in 1D

Numerical Dispersion for 3 =100 Numerical Diffusion for G =100
’ 0.6

o
~

Imag (k*h )/ (P + 1)




Imperial COIIege GG. Mengaldo, R. C. Moura, B. Giralda, J. Peird, and 5. J. Sherwin. Spatial eigensolution analysis of

Lond on discontinnons Galerkin schemes with practical insights for under-resolved computations and implicit
LES. Computers & Fluads, 2017 (under review).

Spatial eigenanalysis of DG — linear advection in 1D
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Numerical experiments in 2d grid turbulence

mesh 2

inlet

P = P ;
PU = Police |1+ A sin(Ky) sin(2t)] , pv =0,
E =po/(y = 1) + pactie

where py, = 1, Uy = 1 are the free-stream density and mean flow velocity, while po, = pooc2 /7 is
the free-stream static pressure which is used to defined the flow’s reference Mach number through
the speed of sound co = s Mach™ . Morcover, the fluid’s ratio of specific heats is set to v = 7/5
and the parameters defining the inflow perturbations are given by A = 1/2, K = 5 and 2 = 1.
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Numerical experiments in 2d grid turbulence
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Numerical experiments in 2d grid turbulence
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Numerical experiments in 2d grid turbulence
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Numerical experiments in 2d grid turbulence
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Numerical experiments in 2d grid turbulence
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Numerical experiments in 2d grid turbulence
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Temporal eigenanalysis of GG — 1D advection+diffusion
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Temporal eigenanalysis of GG — 1D advection+diffusion
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Temporal eigenanalysis of GG — 1D advection+diffusion
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Eigensolution analysis for GG — insights into SUV

Q * ) ~ —,LLZI<2 Oy, 1, exp(ikx)
k
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Eigensolution analysis for GG — insights into SUV

spectral vanishing viscosity

~ — L Zk2 Oy, 1, exp(ikx)
k
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Eigensolution analysis for GG — insights into SUV

spectral vanishing viscosity strictly true for spectral methods
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Eigensolution analysis for GG — insights into SUV

spectral vanishing viscosity strictly true for spectral methods

T \

au au /’(Tf) - ...

— ) = — k% O i, exp(ikx
(% + d x 5 Q * ox H; QO Uy exp(ikx)

REGULAR DIFFUSION RECOVERED WHEN Q). = 1 forall £k

SVV KERNEL ENTRIES NORMALLY INCREASE FROM ZERO
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Temporal eigenanalysis of GG — 1D advection+3SUV
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Temporal eigenanalysis for CG — a Péclet-free SUV

Using 1 o< “?h — fixed Pe* =ah/u
(optimized SVV kernel to mimic DG)
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approximations to advection-diffusion problems: insights into spectral vanishing viscosity. Journal
of Computational Physics, 307:401-422, 2016.

Temporal eigenanalysis for GG — a Peclet-free SUU

Using 1 o< “?h — fixed Pe* =ah/u
(optimized SVV kernel to mimic DG)
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Spatial eigenanalysis for GG — 1D advection+diffusion
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Spatial eigenanalysis for GG — 1D advection+diffusion

Numerical Dispersion for Pe* =10
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Real (k*h)/P
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Numerical Dispersion for Pe* = 1000 Numerical Diffusion for Pe* = 1000
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Spatial eigenanalysis of GG — 1D advection+SUU
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DG & CG dissipation curves in the limit of pure advection (log-log plots)
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Spatial eigenanalysis of GG — 1D advection+SUU

oF /T’__ i

) / R

4 F DGp=1,2,3 -

-6 /

of ——

-10/ CGp=3, Pe*=1el0 CGp=7, Pe*=1el0

12 ' : ' : : . '
-0.5 0 0.5 1 0 0.5 1 1.5

Log,IO (z h) Log10 (w h)
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Spatial eigenanalysis of GG — 1D advection+SUU
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Spatial eigenanalysis of GG — 1D advection+3SUU
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Conclusions & outlook

Temporal vs Spatial eigenanalysis

Beware of spurious reflections and
dissipation bubbles!

Pick complete Riemann solvers for DG
Use robust SVV operators with CG
Avoid abrupt coarsening (in 2d, 3d)
Favour moderately high polynomial

orders along with coarser grids
and use polynomial dealiasing!
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