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Finite Volume Scheme in one space dimension

Example 3.4

Anfangsdaten
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Figure: Initial distribution
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Finite Volume Scheme in one space dimension

Example 3.4
Lax-Friedrichs
: Exal‘<l ‘ ‘ ‘ ‘
ir __Lax-Friedrichs

Figure: Approximate solution of the Lax-Friedrichs-scheme at t = 0.5.
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Finite Volume Scheme in one space dimension

Example 3.4
Lax-Wendroff
: Exal‘(l ‘ ‘ ‘ ‘
-_Lax-Wendroff

1.2

Figure: Approximate solution of the Lax-Wendroff-scheme at t = 0.5.
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Finite Volume Scheme in one space dimension

Example 3.4

Lax-Friedrichs - Lax-Wendroff
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X
Figure: Comparison between Lax-Friedrichs and Lax-Wendroff
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Finite Volume Scheme in one space dimension

Example 3.4

Beam-Warming
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Figure: Approximate solution of the Beam-Warming-scheme at t = 0.5.
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Finite Volume Scheme in one space dimension

Example 3.4

Lax-Friedrich - Lax-Wendroff - Beam-Warming
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X
Figure: Vergleich Lax-Friedrichs, Lax-Wendroff, Beam-Warming
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Finite Volume Scheme in one space dimension

Example 3.9: Results Steger-Warming

Dichte Geschwindigkeit Druck
1 14 1
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x x x
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Finite Volume Scheme in one space dimension

Example 3.9: Shock

Dichte

0.35 T
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Lax-Friedrichs
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X
Figure: Comparison between Lax-Friedrichs and Steger-Warming
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Finite Volume Scheme in one space dimension

Example 3.9: Contact discontinuity
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Figure: Comparison between Lax-Friedrichs and Steger-Warming
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Finite Volume Scheme in one space dimension

Example 3.9: Expansion fan
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Figure: Comparison between Lax-Friedrichs and Steger-Warming
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Finite Volume Scheme in one space dimension

Distribution of the mass flux w.r.t. the Mach number

Steger-Warming
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Figure: Steger-Warming
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Finite Volume Scheme in one space dimension

Distribution of the momentum flux w.r.t. the Mach number

Steger-Warming
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Figure: Steger-Warming
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Finite Volume Scheme in one space dimension

Distribution of the energy flux w.r.t. the Mach number
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Figure: Steger-Warming
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Finite Volume Scheme in one space dimension

Distribution of the mass flux w.r.t. the Mach number

van Leer
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Figure: Van Leer
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Finite Volume Scheme in one space dimension

Distribution of the momentum flux w.r.t. the Mach number

van Leer
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Figure: Van Leer
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Finite Volume Scheme in one space dimension

Distribution of the energy flux w.r.t. the Mach number

van Leer
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Figure: Van Leer
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Finite Volume Scheme in one space dimension

Example 3.10: Results van Leer

Dichte Geschwindigkeit Druck
1 1
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Finite Volume Scheme in one space dimension

Example 3.10: Shock
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Figure: Comparison between Lax-Friedrichs, Steger-Warming and van Leer
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Finite Volume Scheme in one space dimension

Example 3.10: Contact discontinuity

Dichte
0.65 T
0.6
0.55F
0.5
a
Exakt
0.45 Lax-Friedrichs
Steger-Warming
van Leer
0.4r
0.35-

L L L L L L L L L
0.5 051 052 053 054 055 056 057 058 059 0.6
X

Figure: Comparison between Lax-Friedrichs, Steger-Warming and van Leer

v

Andreas Meister (University of Kassel) Additional material Numerical Methods for PDEs 20/ 42



Finite Volume Scheme in one space dimension

Example 3.10: Expansion fan
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Figure: Comparison between Lax-Friedrichs, Steger-Warming and van Leer
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Finite Volume Scheme in one space dimension

Example 3.12: Results AUSM
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Finite Volume Scheme in one space dimension

Example 3.12: Shock

Dichte
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A Lax-Friedrichs
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Figure: Comparison between Lax-Friedrichs, Steger-Warming, van Leer and
AUSM
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Finite Volume Scheme in one space dimension

Example 3.12: Contact discontinuity

Dichte

0.5
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Figure: Comparison between Lax-Friedrichs, Steger-Warming, van Leer and
AUSM
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Finite Volume Scheme in one space dimension

Example 3.12: Expansion fan
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Figure: Comparison between Lax-Friedrichs, Steger-Warming, van Leer and
AUSM
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Finite Volume Scheme in one space dimension

Example 3.13: Stationary Contact discontinuity

van Leer - Verfahren
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Figure: Comparison between exact solution and the results of van Leer

v

Andreas Meister (University of Kassel) Additional material Numerical Methods for PDEs 26/42



Finite Volume Scheme in one space dimension

Example 3.13: Stationary Contact discontinuity

Steger - Warming - Verfahren
1.05 T T T T T
t=0 (exakt)
! N o
095 \ i =2
0.9r \
0.85F
0.8
0.75F
0.7
0.65F
0.6
0.55 . - . - . - ;
0.3 0.35 0.4 0.45 05 0.55 0.6 0.65 0.7
Figure: Comparison between exact solution and the results of
Steger-Warming
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Finite Volume Scheme in one space dimension

Example 3.13: Stationary Contact discontinuity

van Leer und Steger - Warming - Verfahren
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Figure: Comparison between the exact solution and the results of van Leer
as well as Steger-Warming
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Finite Volume Scheme in one space dimension

Example 3.13: Stationary Contact discontinuity
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Figure: Comparison between exact solution and the results of AUSM
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Finite Volume Scheme in one space dimension

Minmod-Limiter
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Figure: Minmod-Limiter
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Finite Volume Scheme in one space dimension

Superbee-Limiter
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Figure: Superbee-Limiter
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Finite Volume Scheme in one space dimension

van Leer-Limiter
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Figure: Van Leer Limiter
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Finite Volume Scheme in one space dimension

Vergleich TVD-Verfahren
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Figure: Comparison between different limiters
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Finite Volume Scheme in one space dimension

Example 3.15: Results HLL
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Finite Volume Scheme in one space dimension

Example 3.15: Shock

Dichte
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Figure: Comparison between different schemes
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Finite Volume Scheme in one space dimension

Example 3.15: Contact discontinuity
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Figure: Comparison between different schemes
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Finite Volume Scheme in one space dimension

Example 3.15: Expansion fan
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Figure: Comparison between different schemes
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Finite Volume Scheme in one space dimension

Example 3.18: Results HLL with limiter minmod
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Finite Volume Scheme in one space dimension

Example 3.18: Shock

Dichte

. T
141 1

T T
Exakt

HLL

HLL/Minmod| |

Figure: HLL with limiter minmod
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Finite Volume Scheme in one space dimension

Example 3.18: Contact discontinuity
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Figure: HLL with limiter minmod
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Finite Volume Scheme in one space dimension

Example 3.18: Expansion fan
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Figure: HLL with limiter minmod
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Finite Volume Scheme in one space dimension

Example 3.19: Results HLL with ENO-reconstruction
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Finite Volume Scheme in one space dimension

Example 3.19: Results HLL with ENO-reconstruction
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Finite Volume Scheme in one space dimension

Example 3.19: Shock
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Figure: HLL with different reconstructions
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Finite Volume Scheme in one space dimension

Example 3.19: Contact discontinuity

Dichte
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Figure: HLL with different reconstructions
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Finite Volume Scheme in one space dimension

Example 3.19: Expansion fan
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Figure: HLL with different reconstructions
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