
Computation the bow shock at M=4 
with a 5th-order WENO scheme

John A. Ekaterinaris

Embry-Riddle Aeronautical University

Daytona Beach FL

1



Spatial discretization: WENO-5

üWeighted average of interpolated values from all candidate 

stencils
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Implicit time integration

üSemi-discretized form

üImplicit time integration

ÁSignificantly relaxed stability constraints

ÁLarge time steps (limited by physical considerations), 

reduce the required CPU time

ÁMain difficulty solution of the resulting nonlinear system 

of equations
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Implicit time integration - 1

üImplicit1st order backward Euler
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Nonlinear implicit equations
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Implicit time integration - 2

üS-stage, implicit Runge-Kuttaschemes
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Solution of implicit equations

üGeneral equations

üNewton iteration

üConvergence test
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Solution of implicit equations

üLU-SGS ïlinearization w.r.t. Qn
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Dispersion and dissipation errors

üA-stable is NOT sufficient

ÁDispersion and dissipation errors

ÁOscillations of intermediate solutions

ÁNumerical instability, increased CPU time 
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Dispersion and dissipation errors
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Naraziet al., JCP, 2015
3-stagĕ 4th order, A-stable
Unstable for CFL > 0.4 for multiple test cases



Dispersion and dissipation errors
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Du & Ekaterinaris 2016
4th order, not A-stable



Low-dispersion low-dissipation IMRK
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Du& Ekaterinaris (under review), 2016
4th order, not A-stable



Inviscid bow shock

üComputational grids
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Inviscid bow shock

üMach number contours
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Inviscid bow shock

üTotal pressure

14

75 × 31 297 ×99149 ×55


