


CONTENTS

1Introduction1

2MolecularDiffusion8

2.0Scope8
2.1PrincipalSymbols8
2.2MolecularDiffusion10
2.3SimpleMolecularModelofDiffusioninaGasMixture11
2.4PhenomenologicalTheoryofMolecularDiffusion16
2.5EstimationofDiffusionCoefficientsinBinaryGasMixtures17

2.6DiffusioninLiquids25
2.7DiffusioninElectrolyteSolutions35
2.8DiffusioninPorousMaterials39
2.9DiffusioninPolymers43
References49
Problems51



3RateEquationsforMolecularDiffusion54

3.0Scope54

3.1PrincipalSymbols54

3.2Introduction56

3.3Steady-StateMolecularDiffusion57

3.4DiffusioninMulticomponentMixtures61

3.5TransientDiffusion―Introduction67

3.6TransientDiffusioninStagnantMedia70

3.7MassTransferinLaminarFlow77

3.8Quasi-Steady-StateDiffusion90

Appendix92

References94

Problems95

4TurbulentDiffusion101

4.0Scope101

4.1PrincipalSymbols101

4.2Turbulence103

4.3TheEddyViscosity106

4.4TheUniversalVelocityDistributioninSmoothTubes109

4.5TheEddy-DiffusionCoefficient112

4.6TurbulentDiffusion114

4.7ExperimentalStudiesofTurbulentDiffusion119

4.8InteractionofMolecularandTurbulentDiffusion126

4.9TurbulentSchmidtandPrandtlNumbers127

4.10MixingandDispersioninPackedBeds129

4.11AxialDispersioninPipeLines137

References141

Problems145

5MassTransferataPhaseBoundary148

5.0Scope148

5.1PrincipalSymbols149

5.2Models150

5.3AnalogiesbetweenMass,Heat,andMomentumTransfer159

5.4MassTransferatLargeFluxesandatHighConcentrationLevels172

5.5TheTwo-FilmTheory178

5.6MassTransferattheInterfacebetweenPhases181

References192

Problems196



6RatesofMassTransferatSurfaceswithSimpleGeometry199

6.0Scope199

6.1PrincipalSymbols200

6.2FlatSurfaces201

6.3FallingLiquidFilms203

6.4MassTransferbetweenaFluidandaSolidSphere214

6.5SolidParticlesSuspendedinAgitatedVessels220

6.6Drops224

6.7Bubbles231

6.8CylindersandDisks236

6.9Single-PhaseFlowinPackedBeds241

References247

Problems252

7SimultaneousHeatandMassTransfer255

7.0Scope255

7.1PrincipalSymbols255

7.2TheEffectofMassTransferontheRateofHeatTransferatthe

SameSurface257

7.3TheTheoryoftheWet-BulbThermometer261

7.4TheDesignofPartialCondensers263

7.5CondensationfromaSuperheatedGas265

7.6TheFormationofFoginPartialCondensers267

7.7EffectofVariationsinInterfaceTemperature269

7.8TheCondensationofMixedVapors273

7.9TheMechanismofVapor-PhaseNucleationinPartial

Condensers276

7.10WaterCoolingTowers280

7.11ValuesoftheMass-TransferCoefficientforWaterCooling

Towers286

7.12TheCrossflowCoolingTower291

References296

Problems297

8MassTransferandSimultaneousChemicalReaction301

8.0Scope301

8.1PrincipalSymbols302

8.2Introduction303

8.3EffectofaChemicalReactioninGasAbsorption306

8.4TheTheoryofSimultaneousDiffusionandChemicalReaction

nearanInterface310



8.5TheFilmTheoryforaFirst-OrderIrreversibleReaction312

8.6TheTheoryofFirst-OrderReactionsaccordingtothe

Surface-ReplacementModel313

8.7First-OrderReactionsduringUnsteady-StateDiffusionintoa
SemiinfiniteMedium:ThePenetrationTheory314

8.8ComparisonoftheFilm,Surface-Replacement,andPenetration

TheoriesforFirst-OrderReactions321

8.9BimolecularReactions322

8.10BimolecularReactioninaTurbulentFluidnearaSolidInterface334

8.21TheEffectofReversibilityoftheChemicalReactiononthe

Mass-TransferRate336

8.12ComputationsoftheReactionEffectforaFew,MoreGeneral

ChemicalSituations343

8.13TheReactionsofNO*withWaterandAqueousSolutions346

8.14TheReactionsofCO2withAlkalineAqueousSolutions361

8.15TheOxidationofSulfiteIonbyDissolvedOxygen371

8.16Carrier-facilitatedMassTransferthroughMembranes376

8.17DiffusionandReactioninPorousCatalysts379

References382

Problems385

9DesignPrinciplesforMass-TransferEquipment392

9.0Scope392

9.1PrincipalSymbols393

9.2Introduction395

9.3PhaseEquilibria396

9.4AbsorptioninaSingleEquilibriumStage398

9.5MultistageCountercurrentAbsorption399

9.6ContinuousDifferential-ContactPacked-ColumnDesign427

9.7RelationbetweenActualandTheoreticalPlates;PlateEfficiency507

9.8Distillation518

9.9SolventExtraction524

Appendix:ADigitalComputerProgramforaPacked-Column

AbsorptionandStripping525

References534

Problems536

10DesignofFixed-BedSorptionandIonExchangeDevices548

10.0IntroductionandScope548

10.1PrincipalSymbols549

10.2Fluid-SolidEquilibria550



10.3TheEquationsofTransport554
10.4TheLocal-EquilibriumTheoryofFixed-BedDevices555
10.5TheEffectsofMass-TransferResistancebetweenFluidand

SolidPhases561
10.6TheThomasSolutionforSorptionBreakthroughCurves565
10.7BreakthroughCurvesforLinearPhaseEquilibriaand
Chromatography571

10.8TheResistancetoMassTransferbetweenPhasesforIon
ExchangeandSorption579

10.9TheDesignofFixed-BedAdsorbersforRepeated,CyclicUse586

References589
Problems591

11ThePerformanceofMass-TransferEquipment593

11.0Scope593
11.1PrincipalSymbols594
11.2Mass-TransferEquipment595
11.3TheNatureoftheAvailableDesignData598
11.4PackedColumns599
11.5Trayor"Plate"Columns624
11.6AgitatedVesselsandBubbleColumns647
References656
Problems660

Index667


	page1
	page2
	page3
	page4
	page5
	page6

