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Abstract

A parallelnumericalmethodhasbeenimplementedfor solvingtheNavier–StokesequationsonCarte-
sian andnon-orthogonalmeshes.To ensurethe accuracy of the codefirst, secondand third order
differencingschemes,with andwithout flux-limiters, have beenimplementedandtested.The most
computationallyexpensive taskin the codeis the solutionof linear equations,anda numberof lin-
earsolvershave beentestedto determinethemostefficient. Krylov space,incompletefactorisation,
andotheriterativeanddirectsolversfrom theliteraturehave beenimplemented,andhave beencom-
paredwith a novel black-boxmultigrid linearsolver thathasbeendevelopedbothasa solver andas
a preconditionerfor theKrylov spacemethods.To furtherreduceexecutiontime thecodewasparal-
lelised,aftera seriesof experimentscomparingthesuitability of differentparallelisationtechniques
andcomputerarchitecturesfor theNavier–Stokessolver.

The codehasbeenappliedto the solutionof two classesof problem. Two naturalconvectionflows
werestudied,with aninitial studyof two dimensionalRayleigh–B́enardconvectionbeingfollowedby
astudyof atransientthreedimensionalflow, in bothcasestheresultsbeingcomparedwith experiment.

Thesecondclassof problemsmodelledwerefreesurfaceflows. A two dimensionalfreesurfacedriven
cavity, anda two dimensionalflume flow weremodelled,the latter being comparedwith analytic
theory. Finally a threedimensionalshipflow wasmodelled,with theflow abouta Wigley hull being
simulatedfor a rangeof ReynoldsandFroudenumbers.
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