DRAFT (No guarantees) -April 23, 1993 1

Part I. Compressible flow 1 1. Finite differences for linear scalar problems ...........................................................1

1.1 Consistency, stability, and convergence...............................................................................2 1.2 Von Neumann stability analysis (discrete Fourier transform) .............................................5 1.3 Simple examples of finite difference schemes.....................................................................9 1.4 Upwind schemes and geometric interpretation of finite differences. ................................14 1.5 Fourier analysis and accuracy............................................................................................19 1.5.1 Amplitude error ...................................................................................................22 1.5.2 Phase errors .........................................................................................................23 1.6 The modified equation. ......................................................................................................28 1.7 Discontinuities ...................................................................................................................29 1.7.1 Max-norm boundedness and Godunov’s Theorem.............................................35 1.8 Weak solutions, conservative finite differences and the Lax-Wendroff theorem. .............37 1.9 Limiters..............................................................................................................................40 1.9.1 Flux-corrected transport ......................................................................................41 1.9.2 Geometric limiters...............................................................................................44 1.9.3 Design criteria for schemes with limiters............................................................46 1.9.4 Total variation diminishing (TVD) schemes.......................................................48