
Contents

PartI Diffusionand Correlations

1 Introduction 3
1.1DiffusionPhenomenon 3
1.2Self-SimilarSolutions 7
1.3InhomogeneousMedia andNonlinearEffects 11
1.4PeriodicMedia andDiffusionatLargeScales 14

FurtherReading 18

2 Advectionand Transport 21
2.1 Advection-DiffusionEquation 21
2.2 Transportand One-DimensionalHydrodynamics 23
2.3 Advectionin Two-DimensionalShearFlow 25
2.4EffectiveDiffusivityandAdvection 27
2.5FluctuationEffectsin ScalarTransport 30
2.6The ZeldovichScalingforEffectiveDiffusivity 33
FurtherReading 34

3 The LangevinEquationand Transport 37
3.1BrownianMotionandDiffusion 37
3.2Mean SquareVelocityandEquipartition 41
3.3AutocorrelationFunction 43
3.4VelocityDistributionFunction 44
3.5KineticsandDiffusionEquation 46
FurtherReading 49



PartII Lagrangian Description

4 Lagrangian Descriptionof Chaotic Flows 53

4.1 The Taylor Diffusionand CorrelationConcept 53

4.2 The Boltzmann Law Renormalization 56

4.3 TurbulentTransportand Scaling 58
4.4 Anomalous Diffusionin TurbulentShearFlows 59

4.5 Seed Diffusivityand TurbulentTransport 62

FurtherReading 67

5 Lagrangian Chaos 69

5.1 The Arnold-Beltrami-ChildressChaoticFlow 69

5.2 HamiltonianSystems and SeparatrixSplitting 73

5.3 StochasticInstabilityand Single-ScaleApproximation 76

5.4 ChaoticMixing in Microchannels 80

5.5 MultiscaleApproximation 83

FurtherReading 85

Part III Phenomenological Models

6 CorrelationEffectsand Transport Equations 89

6.1 Averaging and Linear-Response 89

6.2 Correlationsand Phenomenological TransportEquation 93

6.3 Heavy Particlesin ChaoticFlow 95

6.4 The QuasilinearApproach and Phase-space 99

6.5 The Dupree Approximation 100
6.6 RenormalizationTheory Revisited 102

FurtherReading 105

7 The Taylor Shear Dispersion 107

7.1 Dispersionin Laminar Flow 107

7.2 ScalarDistributionFunction 111

7.3 Transportin CoastalBasins 114

7.4 The Taylor Approach toChaoticFlows 116

7.5 The LagrangianMixing in TurbulentFlow in a Pipe 119

7.6 The TaylorDispersionand Memory Effects 121

7.7 Dispersionin Random ShearFlows 122

FurtherReading 124

PartIV Fractalsand Anomalous Transport

8 FractalObjectsand Scaling 129
8.1FractalDimensionality 129
8.2 SeacoastLengthand theMandelbrotScaling 131
8.3FractalTopologyandIntersections 134
8.4 Self-avoidingRandom Walks 137
8.5Two-DimensionalRandom Flows andTopography 139
FurtherReading 143

9 Random Shear Flows and Correlations 145
9.1 AutocorrelationFunctionforFluids 145
9.2 SuperdiffusionandReturnEffects 147
9.3 LongitudinalDiffusionand QuasilinearEquations 150
9.4 Random ShearFlowsandGeneralizedScaling 151

9.5IsotropizationandManhattanflow 153
9.6 Diffusionin Power-Law ShearFlows 157
9.7The FisherRelation 160
FurtherReading 161

Part V Structuresand Nonlocal Effects

10 Transport and Complex Structures 165

10.1 Bond PercolationProblem 165

10.2 FractalDimensionalityand Percolation 167

10.3 FiniteSizeScaling 169

10.4 Comb Structuresand PercolationTransport 170

10.5 HillyLandscape and Percolation 171
10.6 PhenomenologicalArguments forPercolationParameter 174

10.7 Subdiffusionand Percolation 176

FurtherReading 178

11 FractionalModels of Anomalous Transport 181

11.1 Random Walks Generalization 181

11.2 FunctionalEquationforReturn Probability 184

11.3 Ensemble of PointVorticesand theHoltsmark Distribution 186

11.4 FractalTime and Scaling 189

11.5 FractionalDerivativesand Anomalous Diffusion 192

11.6 Comb Structuresand theFractionalFick Law 194
11.7 DiffusiveApproximation and Random Shear Flows 199

FurtherReading 201



Part VI IsotropicTurbulence and Scaling

12 IsotropicTurbulence and Spectra 205

12.1 The Reynolds SimilarityLaw 205

12.2 Cascade Phenomenology 207

12.3 The TaylorMicroscale 211
12.4 Dissipationand Kolmogorov's Scaling 213

12.5 Accelerationand SimilarityApproach 215

FurtherReading 216

13 Turbulence and Scalar 219

13.1 Scalarin InertialSubrange 219

13.2 The BatchelorScalarSpectrum 222

13.3 The Small PrandtlNumber and ScalarSpectrum 225
13.4 Seed Diffusivityand TurbulentTransport 227

13.5 Fluctuation-DissipativeRelationand Cascade Arguments 228

FurtherReading 229

14 RelativeDiffusionand Scaling 231

14.1 The RichardsonLaw and Anomalous Transport 231

14.2 The BatchelorIntermediateRegime 234

14.3 DissipationSubrange and ExponentialRegime 237

14.4 Gaussian Approximationsand RelativeDispersion 239
14.5 FractionalEquation Approach 242

14.6 TurbulenceScalingand Fractality 244

FurtherReading 246

15 Two-Dimensional Turbulence and Transport 249

15.1 Two-Dimensional Navier-StokesEquation 249

15.2InverseCascade 252

15.3 FreelyEvolvingTwo-Dimensional Turbulence 255

15.4 ScalarSpectrain Two-Dimensional Turbulence 256

15.5 Atmospheric Turbulenceand RelativeDispersion 258

15.6 Rough Ocean and Richardson'sScaling 260

FurtherReading 263

PartVII Convectionand Scaling

16 Convectionand RayleighNumber 267
16.1BuoyancyForces 267
16.2The Oberbeck-BoussinesqEquations 269
16.3The Rayleigh-BenardInstability 270
16.4The LorenzModel and StrangeAttractor 274
FurtherReading 278

17 Convection and Turbulence 279
17.1 The Obukhov-Golitsyn ScalingforTurbulentConvection 279

17.2 QuasilinearRegimes of TurbulentConvection 281

17.3 Strong ConvectiveTurbulence 283

17.4 DiffusiveGrowth of Boundary Layer 285

17.5 Chicago Scaling 287

17.6 TurbulentThermal Convectionand Spectra 291

FurtherReading 293

Part VIII Structuresand Complex Flow Topology

18 Coherent Structuresand Transport 297

18.1 Regular Structures 297
18.2 ScalingforDiffusiveBoundary Layer 300

18.3 Anomalous Transportin a RollSystem 303

18.4 ConvectionTowers and Thermal Flux 306

18.5 Random Flow Landscape and Transport 308

18.6 TransientPercolationRegime 314

FurtherReading 316

19 Flow Topology Reconstructionand Transport 319

19.1 High-FrequencyRegimes 319

19.2 Time Dependence and theTaylor ShearFlow 321

19.3 OscillatoryRollsand Lobe Transport 324

19.4 Flow Topology Reconstructionand Scaling 329

FurtherReading 333

References 335

Index 345


	page1
	page2
	page3

