


A ffl.2~JJ INSTITUT .
FüR METEOROLOGIE U. KLIMATOLOGlf

UN1VEltSfTAT HANNOVER
HERRIlNHAUSER STR. 2 • ,000 HANNOVER 21

Numerical Methods tor
Fluid Dynamics

Based on the proceedings of a conference on
Numerical Methods in Fluid Dynamics, organised by

The Institute of Mathematics and its Applications and held at the
University of Reading, 29-31 March, 1982

Edited by

K.W.MORTON
M.J. BAINES

University of Reading
Reading, UK

1982

ACADEMIC PRESS
A Subsidiary of Harcourt Brace Jovanovich, Publishers

London New York
Paris San Diego San Francisco Säo Paulo

Sydney Tokyo Toronto



CONTENTS

Contributors
Preface
Acknowledgements
Invited Papers
Generalised Galerkin Methods for Steady and Unsteady 1

Problems by K.W. Morton

v
ix
xi

Scaling and Computation of Atmospheric Motions by 33
G. Browning and H.O. Kreiss

Spectral Methods in Meteorology by B.J. Hoskins 45

Simulation Methods for Turbulent Flows by D.C. Leslie 63

Finite Element Solutions for Navier-Stokes Equations by 81
J. Rae

A Petrov-Galerkin Finite Element Formulation for Systems 97
of Conservation Laws with Special Reference to the
Compressible Euler Equations by T.J.R. Hughes,
T.E. Tezduyar and A.N. Brooks

Introductory Remarks on Multigrid Methods by 127
A. Brandt

A Survey of Several Finite Difference Codes Used 135
in Two-dimensional Unsteady Flow Problems by
N.E. Hoskin and W. Herrmann

Calculation of Shocks in Oil Reservoir Modelling 165
and Porous Flow by P. Concus

Shock Modelling in Aeronautics by S. Osher 179

Fluctuations and Signals - A Framework for Numerical 219
Evolution Problems by P.L. Roe

Contributed Papers

The Use of Irregular Finite Difference Grids for 259
Coastal Sea Problems by P.P.G. Dyke and G.D. Phelps

Time Dependent Multi-material Flow with Large Fluid 273
Distortion by D.L. Youngs



xiv CONTENTS

l.pplication of a Galerkin-Eigenfunction Method to 287
Computing Currents in Homogeneous and Stratified
Seas by A.M. Davies

Choice of Time-Integration Scheme in a Pseudospectral 303
Algorithm for Advection Equations by Z. Zlatev,
R. Berkowicz and L.P. Prahm

Finite Difference Methods for Viscoelastic Flow 323
by A.R. Davies

A Finite Difference Strategy for Re-entrant Corner 341
Flow by H. Holstein and D.J. Paddon

The Effect of Pressure Approximations on Finite Element 359
Calculations in Incompressible Flows by
D.F. Griffiths

Analysis of Some Low Order Finite Element Schemes for 375
the Navier-Stokes Equations by M.J.P. Cullen

A Finite Element Method on a Fixed Mesh for the Stefan 389
Problem with Convection in a Saturated Porous Medium
by J.W. Barrett and C.M. Elliott

Variational Inequalities Applied to Time-Dependent Flow 411
in a Phreatic Aquifer by A.W. Craig and W.L. Wood

The Use of Strongly Stretched Grids in Viscous Flow 423
Problems by I.P. Jones

Finite Difference Schemes and Solution Methods for the 439
Fluid Dynamics Equations Used in the Rod Bundle
Code SABRE by J.N. Lillington and J.D. Macdougall

Finite Element Method with Clebsch Representation 453
by E. Detyna

A General-Purpose Program for the Analysis of Fluid 463
Flow Problems by N.C. Markatos, N. Rhodes and
D.G. Tatchell

The Method of Characteristics Applied to Problems in 481
Cosmical Gas Dynamics by S.A.E.G. Falle

Donor Cell, FCT-SHASTA and Flux-splitting Method: 497
Three Finite Difference Techniques Applied to
Astrophysical Shock-cloud Interactions by
J. Nittmann


