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Figure €.1. Tests om the advection equation with different linear methods. Results at time ¢ = 1 and ¢t = §
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selived with peviodic boundary conditicns. Top: Upwind. Middle: Lax-Weadroff. Bottom: Beam-Warming.
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Figure 6.4. (a) Grid values Q™ and reconstructed §"(-, t.)unn;Lu—W-dmffslopu. (b) After advection
with @At = Az/2. Thdothhmedlan""‘ Note the overshoot.
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Solutions to advection equation after 1 (left) and 5 (right) time units using different TVD REA methods.
The MC slope limiter provides best overall performance.



Accuracy of slope-limiter methods

On smooth fields such as a sine wave, Lax-Wendroff, Beam-Warming and Fromm are 2" order
accurate. Slope-limiter methods such as MC are more accurate for coarsely-resolved oscillations but
have slightly lower-order convergence (~1.7-order for a sinusoid). The top panels of the plot below
show this behavior; the plot was generated by script LW_MC _errconv.m on the class web page.

The left panel shows the reconstructed functional form of the approximate solution using both methods
for the coarsest resolution tested. It shows how LW gives a nonmonotonic reconstruction between
gridpoints, while MC gives a monotonic reconstruction between gridpoints that guarantees it is TVD.

On fields with sharp discontinuities, MC gives lower rms errors compared to Lax-Wendroff
in addition to preventing overshoots. Both methods converge much more slowly, because regardless of
resolution the rms errors are dominated by poorly-resolved grid-scale wavenumbers.

qt+qx=0, u =0.8, qy = sin(2nx)
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