


Contents

PROLOGUExv

1.ANOVERVIEWOFNUMERICALSIMULATION1

1-1.SomeCommentsonTerminology1

1-2.ThreeTypesofPhysicalModels2

1-3.LevelsofSimulation4

1-4.ABridgebetweenTheoryandExperiment5

1-5.TheTyrannyofNumbers8

1-6.ThemesofThisBook9

References10

2.THEREACTIVEFLOWMODELINGPROBLEM11

2-1.ReactiveFlowConservationEquations11

1.1Time-DependentConservationEquations11

1.2TheContinuumRepresentation15

1.3PhysicalPhenomenaRepresentedintheEquations...17

1.4BoundaryandInitialConditions18

2-2.DiscussionoftheConservationEquations19

2.1EquationsofFluidDynamics19

2.2EquationsofState22

2.3EquationsofChemicalReactionKinetics23

2.4EquationsofDiffusiveTransport24

2.5EquationsofRadiationTransport25

2.6CharacteristicTrajectories26

2.7ClassificationofPartialDifferentialEquations27

2.8DimensionlessNumbers28

2.9FindingInputData32

2-3.FluidDynamicswithChemicalReactions33

3.1FeedbackandInteractionMechanisms33

3.2ThreeReactiveFlowProblems36

References40

3.MODELSANDSIMULATION42

3-1.DevelopingaNumericalSimulationModel43

1.1PosingScientificProblemsforModeling43

1.2ChoosingtheComputationalRepresentation45

vii



3-2.LimitingFactorsandConstraints47

2.1LimitationsinAccuracy48

2.2TheCostsofComplexity51

2.3UsingPhenomenologicalModels54

3-3.ConstructingandTestingtheModel57

3.1Trade-OffsinSelectingandOptimizingModels58

3.2StepsinConstructingaSimulationModel59

3.3AnExample:SimulatingaPropagatingLaminarFlame.61

3.4TestingProgramsandModels66

3-4.UsingTimeEfficiently69

4.1PartitioningTimeamongTasks69

4.2DocumentingandRetrievingResultsofSimulations...70

4.3WorkingwithOthers71

4.4SomeGeneralProgrammingGuidelines73

4.5StartingOver76

References76

4.SOMEGENERALNUMERICALCONSIDERATIONS78

4-1.IntroductiontoFiniteDifferences78

1.1DiscretizingTimeandSpace78

1.2AdvancingEquationsinTimeandSpace81

1.3QualitativePropertiesofNumericalAlgorithms83

1.4ApproachestoAnalyzingAccuracy86

1.5TypesofFinite-DifferenceErrors88

4-2.LocalProcessesandChemicalKinetics91

2.1ExplicitandImplicitSolutions91

2.2AsymptoticSolutions96

4-3.DiffusiveTransport99

3.1TheDiffusionEquation99

3.2AnAnalyticSolution:DecayofaPeriodicFunction...100

3.3ExplicitandImplicitSolutions101

3.4TheCostofImplicitMethods105

3.5PhysicalDiffusionandNumericalDiffusion105

4-4.ConvectiveTransport106

4.1FluidDynamicFlows:AdvectionandCompression...106

4.2TheSquare-WaveTestProblem108

4.3ExplicitandImplicitSolutions110

4.4PhaseandAmplitudeErrorsforCommonAlgorithms..115



4-5.WavesandOscillations118

5.1WavesfromCouplingContinuityEquations118

5.2AnExplicitStaggeredLeapfrogAlgorithm120

5.3AReversibleImplicitAlgorithm123

5.4Reversibility,Stability,andAccuracy125

4-6.Coupling126

6.1ProblemsinCouplingtheTerms,126

6.2Global-ImplicitCoupling128

6.3TimestepSplittingorFractional-StepCoupling130

6.4Trade-offsintheChoiceofaCouplingMethod131

References133

5.ORDINARYDIFFERENTIALEQUATIONS:

CHEMICALKINETICSANDOTHERLOCALPHENOMENA134

5-1.DefinitionsandProperties136

1.1TheInitialValueProblem136

1.2Accuracy,Convergence,andStability137

1.3ImplicitandExplicitSolutions142

1.4StiffOrdinaryDifferentialEquations142

5-2.OverviewofClassicalMethodsofSolution144

2.1One-StepMethods144

2.2LinearMultistepMethods147

2.3ExtrapolationMethods149

2.4LeapfrogIntegrationMethods151

5-3.SomeApproachestoSolvingStiffEquations153

3.1StabilityandStiffODEs154

3.2ImplicitMethodsforStiffODEs157

3.3MethodsforSolvingStiffEquations158

3.4Summary:SomeImportantIssues163

5-4.IntegrationPackages164

4.1ProgramsBasedontheGEARMethod165

4.2AnAsymptoticIntegrationMethod166

4.3AnExponentiallyFittedMethod168

4.4Semi-ImplicitExtrapolationMethods168

4.5TheKregelMethod169

5-5.SensitivityAnalysis170

5.1LocalSensitivityMethods170

5.2GlobalSensitivityMethods173



5.3GeneralThoughtsonSensitivityAnalysis176

5-6.ChemicalKineticsCalculations177

6.1ChemicalKineticsinReactiveFlows177

6.2SolvingtheTemperatureEquation178

6.3ApplicationstoChemicalKinetics179

References180

6.REPRESENTATIONS,RESOLUTION,ANDGRIDS186

6-1.RepresentationsofConvectiveFlows186

1.1WhyConvectionisDifficulttoSimulate186

1.2TheContinuityEquation188

1.3LagrangianvsEulerianRepresentations189

6-2.RepresentingaContinuousVariable190

2.1Eulerian,Grid-BasedRepresentations190

2.2ExpansionandSpectralRepresentations195

2.3LagrangianRepresentations197

2.4TheMethodofLines198

6-3.ResolutionandAccuracyonaGrid200

3.1ErrorsIntroducedbyGridRepresentations200

3.2ResolutionandAccuracy203

3.3IntroductiontoMultidimensionalGrids203

6-4.TechniquesforAdaptiveGridding208

4.1RezoningtoImproveResolution208

4.2EulerianAdaptiveGridding210

4.3LagrangianAdaptiveGridding217

4.4EmbeddedGridandMultigridTechniques220

References222

7.DIFFUSIVETRANSPORTPROCESSES226

7-1.TheDiffusionEquation227

1.1ThePhysicalOriginofDiffusiveEffects227

1.2The8-FunctionTestProblem229

1.3Short-andLong-WavelengthBreakdowns233

1.4NumericalDiffusionandInstability234

7-2.IntegrationoftheDiffusionEquation235

2.1AFinite-DifferenceFormulainOneDimension235

2.2ImplicitSolutionsusingTridiagonalMatrixInversions..236

2.3LargeVariationsinAxandD237



7-3.NonlinearEffectsandStrongDiffusion240

3.1NonlinearDiffusionEffects240

3.2NumericalTechniquesforNonlinearDiffusion244

3.3AsymptoticMethodsforFastDiffusion246

3.4Flux-Limiters247

7-4.MultidimensionalAlgorithms248

4.1Implicit,Explicit,andCenteredAlgorithms248

4.2ADIandSplit-DirectionMethods251

7-5.SolvingforSpeciesDiffusionVelocities251

5.1TheFickianDiffusionApproximation252

5.2AnEfficientIterativeAlgorithm253

7-6.EvaluatingDiffusiveTransportCoefficients256

6.1ThermalConductivity256

6.2Ordinary(orMolecularorBinary)Diffusion257

6.3ThermalDiffusion258

6.4Viscosity259

6.5DiffusiveTransportforHydrogenCombustion260

References263

8.THECONTINUITYEQUATION:EULERIANMETHODS...264

8-1.Lax-WendroffMethods265

1.1TheBasicOne-StepMethod265

1.2Two-StepRichtmyerMethods267

1.3MacCormackMethod269

1.4ArtificialDiffusion269

8-2.PositivityandAccuracy270

8-3.Flux-CorrectedTransport275

3.1TheBasicIdeaofFlux-CorrectedTransport276

3.2TheSubroutineLCPFCT279

8-4.Zalesak'sGeneralization285

8-5.ResolutionandReynoldsNumberLimitations289

8-6.ApproachestoMonotonicity292

6.1AClassificationofMonotoneMethods292

6.2TestsofMonotoneMethods294

6.3CommentsonMonotoneMethods298

8-7.SpectralandFinite-ElementMethods298

7.1ContinuousRepresentations299



7.2SpectralMethods301

7.3Finite-ElementMethods304

References309

9.COUPLEDCONTINUITYEQUATIONS

FORFASTANDSLOWFLOWS314

9-1.CoupledContinuityEquations314

1.1EquationsofIncompressibleandCompressibleFlow...314

1.2TimeIntegration317

1.3CalculatingFastandSlowFlows318

9-2.MethodsforFastFlows319

2.1Lax-WendroffMethods320

2.2FCTforCoupledContinuityEquations323

2.3MultidimensionsthroughTimestepSplitting325

2.4TheRiemannProblemandRiemannMethods328

2.5ComparisonofSeveralMethods331

2.6SeveralOtherMethods337

9-3.MethodsforSlowFlows339

3.1Slow-FlowMethods340

3.2AnImplicitFlux-CorrectedTransportAlgorithm....343

3.3SeveralImplicitAlgorithms348

3.4LagrangianAlgorithms352

References353

10.LAGRANGIANMETHODS358

10-1.AOne-DimensionalLagrangianMethod359

1.1TheBasicEquations360

1.2TheNumericalAlgorithm362

1.3SomeGeneralComments367

10-2.GeneralConnectivityTriangularGrids368

2.1TheTriangularGrid368

2.2FiniteDifferencesonaTriangularGrid370

2.3EquationsforIncompressible,InviscidFlow371

2.4ConservationofCirculation373

2.5ViscousFlows374

2.6ConservationofVertex-CellAreas375

2.7GridRestructuring377

2.8SomeGeneralComments379



10-3.QuasiparticleMethods379

10-4.VortexDynamicsMethods382

4.1PointVortexMethods383

4.2Distributed-CoreVortexandFilamentMethods....384

4.3ContourDynamics387

4.4Vortex-in-CellMethods387

4.5SomeCommentsonVortexMethods388

10-5.TheMonotonicLagrangianGrid388

References392

11.BOUNDARIES,INTERFACES,ANDMATRIXALGORITHMS395

11-1.BoundaryConditions396

1.1BoundaryConditionsforConfinedDomains398

1.2BoundaryConditionsforUnconfinedDomains406

11-2.InterfacesandDiscontinuities416

2.1ResolvingActiveInterfaces416

2.2Moving-GridMethods419

2.3Surface-TrackingMethods423

2.4Volume-TrackingMethods425

2.5TheGradientMethod429

11-3.MatrixAlgebraforFiniteDifferences432

3.1StatementoftheProblem432

3.2ExactSolutionoftheMatrixEquation435

3.3TridiagonalMatrices436

3.4DirectSolutionsofthePoissonEquation438

3.5IterativeSolutionsofEllipticEquations441

3.6Summary448

References449

12.DIFFICULTTOPICS455

12-1.Turbulence455

1.1DetailedSimulationsofTurbulence456

1.2TheIdealTurbulenceModel462

1.3Turbulence-AveragedNavier-StokesEquations464

1.4SubgridTurbulenceModels469

1.5ProblemsinModelingReactiveFlowTurbulence....471

1.6ConcludingRemarks476

12-2.RadiationTransport477

2.1ThePhysicalBasisofRadiationTransport478



2.2TheEquationofRadiativeTransfer480

2.3TheRadiantEnergyFlux484

2.4SomeImportantLimitingCases485

2.5MoreGeneralApproaches486

2.6TheRadiationDiffusionApproximation488

2.7TheVariableEddingtonApproximation489

12-3.MultiphaseFlows492

3.1InteractionsamongPhases493

3.2EquationsforMultiphaseFlows497

3.3SprayandDropletModels501

3.4AModelofDeflagration-to-DetonationTransition...505

3.5EvenMoreBasicModels510

3.6ModelingMultiphaseFlows510

References512

13.MODELSFORSHOCKS,FLAMES,ANDDETONATIONS..518

13-1.One-DimensionalSupersonicReactiveFlows518

1.1TheStructureofRSHOCKModels519

1.2TimestepSplitting521

1.3CalculationswithReactionsandShocks525

13-2.MultidimensionalCompressibleReactiveFlows532

2.1StructureandCouplinginFAST2D533

2.2SomeExamples539

13-3.One-DimensionalSubsonicReactiveFlows549

3.1StructureofFLAME1DModels549

3.2TimestepSplitting552

3.3SeveralExamples553

13-4.ATwo-DimensionalLagrangianModel558

4.1TheStructureofSPLISH559

4.2SurfaceTension562

4.3FlowsinandaroundDroplets563

13-5.RulesofThumb569

References572

INDEX579




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10

