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Study of aliasing errors for high-order DG methods
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Hiroyuki Asada, Ritsumeikan University, 1-1-1, Noji-higashi, Kusatsu, Shiga

Study of aliasing errors for high-order discontinuous Galerkin (DG) methods is presented through the Fourier
analysis. The high-order DG method has not only physical mode but also unphysical mode. The combined mode
consisting of both physical and unphysical mode is first analyzed, and it is shown that the unphysical mode
dominates for high wave number. This combined mode aliases with Nyquist angular frequency of 7 because it is
constant in each computational cell, and the aliased combined mode is used to reconstruct the DG solution. Due
to this aliasing, the unphysical mode in the high wave number regime affects the solution in the low wave number
regime. This behavior results in large amplitude of low wave number in the DG solution for the wave with wide

range spectrum.
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Fig. 1: Dispersion and dissipation of third-order DG method. Red line: model; blue line : mode2; green line: mode3;
solid line : physical mode; dashed line : unphysical mode.
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Fig. 2: Amplitude, dispersion and dissipation of third order DG method. First DOF u;. Black solid line: combined
mode; red dashed line : model (physical mode); blue dashed line : mode2 (unphysical mode); green dashed line : mode3
(unphysical mode).
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Fig. 3: Aliasing of DOF for third order DG method. To clarify the aliasing mechanism, 2nm shifted lines in
the wave number direction are shown. Black solid line:no shift; red dashed line: 27 shift; blue dashed line: —27
shift; green dashed line: 47 shift; purple dashed line: —4w shit. The symbols indicate the solution for certain input;

X kinAx = 0.87; *: kjp,Ax = 1.87; o: k;,, Ax = 2.8.
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Fig. 4: Reconstructed solution of third order DG method for single wave number. To clarify the aliasing mechanism,
2nm shifted lines are shown as Fig. 3. Black solid line:no shift; red dashed line:2x shift; blue dashed line: —27
shift; green dashed line: 47 shift; purple dashed line: —4m shit. The symbols indicate the solution for certain input;

X i kinAx = 0.87; *: k;j,,Ax = 1.87; o : k;,, Ax = 2.8.
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Fig. 5: Reconstructed solution of third order DG method for multiple wave number. Red line: Fourier analysis; red

circle : calculation; unfilled circle : exact.
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