


TableofContents

1.Introduction1
1.1InterfacialPatternFormationsinDendriteGrowth
andHele-ShawFlow1

1.2ABriefReviewoftheTheoriesofFreeDendriteGrowth9
1.2.1MaximumVelocityPrinciple(1976)9
1.2.2MarginalStabilityHypothesis(1978)10
1.2.3MicroscopicSolvabilityCondition(MSC)Theory
(1986-1990s)11

1.2.4InterfacialWave(IFW)Theory(1990)12
1.3MacroscopicContinuumModel13
1.3.1MacroscopicTransportEquations14
1.3.2TheInterfaceConditions16
1.3.3TheScalingandtheDimensionlessSystem21

References24

2.UnidirectionalSolidification
andtheMullins-SekerkaInstability27
2.1SolidificationwithPlanarInterfacefromaPureMelt27
2.1.1BasicSteadyStateSolution28
2.1.2UnsteadyPerturbedSolutions
andMullins-SekerkaInstability29

2.1.3AsymptoticSolutionsintheLong-WavelengthRegime,
k=O(ε)38

2.1.4AsymptoticSolutions
intheExtremelyShort-WavelengthRegime,k=O(1/ε)42

2.2UnidirectionalSolidificationfromaBinaryMixture48
2.2.1MathematicalFormulationoftheProblem48
2.2.2BasicSteadyState50
2.2.3UnsteadyPerturbedSolutions52
2.2.4AsymptoticSolutions
intheLong-WavelengthRegime,k=O(ε)60

2.2.5AsymptoticSolutionsintheExtremely
Short-WavelengthRegime,{k=O(1/ε);g=O(1/ε)}....62

2.2.6SomeRemarksonUnidirectionalSolidification66
References67



3.MathematicalFormulationofFreeDendriteGrowth
fromaPureMelt69
3.1Three-DimensionalAxiallySymmetricFreeDendriteGrowth70
3.2Two-DimensionalFreeDendriteGrowth75
Reference78

4.SteadyStateofDendriteGrowthwithZeroSurfaceTension
andItsRegularPerturbationExpansion79
4.1TheIvantsovSolutionandUnsolvedFundamentalProblems.79
4.2Three-DimensionalAxiallySymmetricSteadyNeedleGrowth81
4.2.1MathematicalFormulation81
4.2.2TheRegularPerturbationExpansionSolutions(RPE)

ase→082
4.2.3TheAsymptoticBehavioroftheRegular
PerturbationExpansionSolutionasξ→oo92

4.3Two-Dimensional,SteadyNeedleCrystalGrowth94
4.3.1MathematicalFormulation
ofTwo-DimensionalNeedleGrowth94

4.3.2TheRegularPerturbationExpansionSolution

asε→095
4.3.3AsymptoticBehavioroftheRegularPerturbation
ExpansionSolutionas£→oo100

4.4SummaryandDiscussion101
References103

5.TheSteadyStateforDendriteGrowth

withNonzeroSurfaceTension105
5.1TheNash-GlicksmanProblem
andtheClassicNeedleCrystalSolution105

5.2TheGeometricModel
andSolutionsoftheNeedleCrystalFormationProblem108
5.2.1GeometricModelofDendriteGrowth108
5.2.2TheSegur-KruskalProblem109
5.2.3NonclassicSteadyNeedleGrowthProblemIll
5.2.4NeedleCrystalFormationProblem118

5.3TheNonclassicSteadyStateofDendriticGrowth
withNonzeroSurfaceTension120
5.3.1TheCompleteMathematicalFormulation
forFreeDendriteGrowth120

References123

6.GlobalInterfacialWaveInstability
ofDendriteGrowthfromaPureMelt125

6.1LinearPerturbedSystemAroundtheBasicState
ofThree-DimensionalDendriteGrowth126



6.2OuterSolutionintheOuterRegionawayfromtheTip128

6.2.1Zeroth-OrderApproximation131

6.2.2First-OrderApproximation134

6.2.3SingularPointξcoftheOuterSolution138

6.3TheInnerSolutionsneartheSingularPointξc142

6.4TipInnerSolutionintheTipRegion152

6.5GlobalTrapped-WaveModes

andtheQuantizationCondition154

6.6GlobalInterfacialWaveInstability

ofTwo-DimensionalDendriteGrowth161

6.7TheComparisonofTheoreticalPredictions

withExperimentalData172

References179

7.TheEffectofSurfaceTensionAnisotropy

andLow-FrequencyInstabilityonDendriteGrowth181

7.1LinearPerturbedSystemAroundtheBasicState183

7.2MultipleVariableExpansionSolutionintheOuterRegion...184

7.3TheInnerEquationneartheSingularPointξc187

7.3.1CaseI:σQ=O(l)191

7.3.2CaseII:|σo|<1192

7.3.3ABriefSummary195

7.4MatchingConditions197

7.5TheSpectraofEigenvaluesandInstabilityMechanisms197

7.5.1TheGlobalTrapped-WaveInstability198

7.5.2TheLow-FrequencyInstability204

7.6Low-FrequencyInstability

forAxiallySymmetricDendriteGrowth208

7.7TheSelectionConditionsforDendriteGrowth209

References212

8.Three-DimensionalDendriteGrowth

fromBinaryMixtures213

8.1MathematicalFormulationoftheProblem214

8.2BasicStateSolutionfortheCaseofZeroSurfaceTension....215

8.3LinearPerturbedSystemfortheCase

ofNonzeroSurfaceTension216

8.4TheMVESolutionsintheOuterRegion220

8.4.1TheZeroth-OrderApproximation220

8.4.2TheFirst-OrderApproximation222

8.5TheInnerSolutionsneartheSingularPointξc226

8.6GlobalModesandtheQuantizationCondition229

8.7ComparisonsofTheoreticalResultswithExperimentalData.238

References241



9.ViscousFingeringinaHele-ShawCell243
9.1Introduction243
9.2MathematicalFormulationoftheProblem249
9.3TheSmoothFingerSolutionwithZeroSurfaceTension251
9.4FormulationoftheGeneralProbleminCurvilinear
Coordinates(ξ,rj)andtheBasicStateSolutions254

9.5TheLinearPerturbedSystemandtheOuterSolutions257
9.6TheInnerEquationneartheSingularPointξc265
9.6.1CaseI:|σro|=0(1)269
9.6.2CaseII:|σo|<1270

9.7EigenvaluesSpectraandInstabilityMechanisms272
9.7.1TheSpectrumofComplexEigenvalues
andGTWInstability273

9.7.2TheSpectrumofRealEigenvalues
andtheLFInstability276

9.8FingeringFlowwithaNoseBubble280
9.8.1TheBasicStateofFingerFormation
withaNoseBubbleandItsLinearPerturbation280

9.8.2TheQuantizationConditionsfortheSystem
withaNoseBubble283

9.9TheSelectionCriteriaofFingerSolutions287
References289

Bibliography291

Index293




	page1
	page2
	page3
	page4
	page5
	page6

