Contents

Preface XI
List of Symbols XIII

1 Technological Fundamentals of Preparation of Natural Hydrocarbons for
Transportation 1

Introduction 3

1 Technological Schemes of Complex Oil, Gas and Condensate Processing
Plants 7
2 Construction of Typical Apparatuses 13

2.1 Separators, Dividers, and Settlers 13
2.2 Absorbers 27
23 Cooling Devices 36

3 Basic Processes of Separation of Multi-phase, Multi-component Hydrocarbon
Mixtures 39
References 40

1 Physical and Chemical Bases of Technological Processes 43

4 The Transfer Phenomena 45

4.1 Phenomenological Models 45

4.2 Momentum Transfer 46

4.3 Thermal Conduction and Heat Transfer 51
4.4 Diffusion and Mass Transfer 51

4.5 Electro-Conductivity and Charge Transfer 55

5 Conservation Laws and Equations of State 57
5.1 Isothermal Processes 57
5.2 Non-isothermal Processes 61

Separation of Multiphase, Multicomponent Systems. E. G. Sinaiski and E. J. Lapiga
Copyright © 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 978-3-527-40612-8



VI | Contents

5.3 Multi-Component Mixtures 65

5.4 Multi-Phase Mixtures 70

5.5  Charged Mixtures 75

5.6 The Criteria of Similarity 78

5.7  The State Equations 82

5.7.1 The State Equation for an Ideal Gas and an Ideal Gas Mixture 82

5.7.2  The State Equation for a Real Gas and a Real Gas Mixture 86

5.7.3 Methods of Calculation of Liquid—Vapor Equilibrium 91

5.8 Balance of Entropy — The Onsager Reciprocal Relations 93
References 103

1l Solutions 105

6 Solutions Containing Non-charged Components 107
6.1 Diffusion and Kinetics of Chemical Reactions 107
6.2 Convective Diffusion 112

6.3 Flow in a Channel with a Reacting Wall 116

6.4 Reverse Osmosis 119

6.5 Diffusion Toward a Particle Moving in a Solution 128
6.6 Distribution of Matter Introduced Into a Fluid Flow 133
6.7 Diffusion Flux in a Natural Convection 140

6.8 Dynamics of the Bubble in a Solution 145

6.9 Evaporation of a Multi-component Drop Into an Inert Gas 151
6.10  Chromatography 160

6.11  The Capillary Model of a Low-permeable Porous Medium 164

7 Solutions of Electrolytes 167
7.1 Electrolytic Cell 167
7.2 Electrodialysis 175
7.3 Electric Double Layer 182
7.4 Electrokinetic Phenomena 186
7.5 Electroosmosis 187
References 192

v Suspensions and Colloid Systems 195

8 Suspensions Containung Non-charged Particles 197
8.1  Microhydrodynamics of Particles 197

8.2 Brownian Motion 211

8.3 Viscosity of Diluted Suspensions 222

8.4  Separation in the Gravitatonial Field 228

8.5 Separation in the Field of Centrifugal Forces 237

9 Suspensions Containing Charged Particles 245
9.1 Electric Charge of Particles 245
9.2 Electrophoresis 247



9.3
9.4

10

10.1
10.2
10.2.1
10.2.2
10.2.3
10.3
10.3.1
10.3.2
10.4
10.5
10.6
10.7

10.8

11

11.1
11.2
11.3
11.4
11.5
11.6
11.7

12

12.1
12.2
12.3
12.4
12.5
12.6
12.7

13
13.1
13.2

Contents

The Motion of a Drop in an Electric Field 253
Sedimentation Potential 257

Stability of Suspensions, Coagulation of Particles, and Deposition of Particles
on Obstacles 259

Stability of Colloid Systems 259

Brownian, Gradient (Shear) and Turbulent Coagulation 266

Brownian Coagulation 268

Gradient (Shear) Coagulation 270

Turbulent Coagulation 272

Particles’ Deposition on the Obstacles 275

Brownian Diffusion 276

Particles’ Collisions with an Obstacle 278

The Capture of Particles Due to Surface and Hydrodynamic Forces 280
Inertial Deposition of Particles on the Obstacles 288

The Kinetics of Coagulation 289

The Filtering and a Model of a Highly Permeable Porous Medium with
Resistance 293

The Phenomenon of Hydrodynamic Diffusion 296

References 297

Emulsions 301

Behavior of Drops in an Emulsion 303

The Dynamics of Drop Enlargement 303

The Basic Mechanisms of Drop Coalescence 312

Motion of Drops in a Turbulent Flow of Liquid 317

Forces of Hydrodynamic Interaction of Drops 325

Molecular and Electrostatic Interaction Forces Acting on Drops 330
The Conducting Drops in an Electric Field 333

Breakup of Drops 338

Interaction of Two Conducting Drops in a Uniform External Electric
Field 347

Potential of an Electric Field in the Space Around Drops 347
Strength of an Electric Field in the Gap Between Drops 355
Interaction Forces of Two Conducting Spherical Drops 361
Interaction Forces Between Two Far-spaced Drops 367
Interaction of Two Touching Drops 370

Interaction Forces Between Two Closely Spaced Drops 379
Redistribution of Charges 388

Coalescence of Drops 393

Coalescence of Drops During Gravitational Settling 393

The Kinetics of Drop Coalescence During Gravitational Separation of an
Emulsion in an Electric Field 410

vil



vl

Contents

13.3

13.4

13.5
13.6

13.7

13.7.1
13.7.2
13.8

13.9

Vi

14
141
14.2

15

15.1
15.2
15.3

16
16.1
16.2

16.3

16.4
16.5

17

171
17.2
17.3
17.4
17.5

17.6

Gravitational Sedimentation of a Bidisperse Emulsion in an Electric
Field 416

The Effect of Electric Field on Emulsion Separation in a Gravitational
Settler 419

Emulsion Flow Through an Electric Filter 423

Coalescence of Drops with Fully Retarded Surfaces in a Turbulent
Emulsion Flow 430

Coalescence of Drops with a Mobile Surface in a Turbulent Flow of the
Emulsion 436

Fast Coagulation 440

Slow Coagulation 443

Coalescence of Conducting Emulsion Drops in a Turbulent Flow in the
Presence of an External Electric Field 451

Kinetics of Emulsion Drop Coalescence in a Turbulent Flow 456
References 458

Gas-Liquid Mixtures 463

Formation of a Liquid Phase in a Gas Flow 465
Formation of a Liquid Phase in the Absence of Condensation 466
Formation of a Liqid Phase in the Process of Condensation 469

Coalescence of Drops in a Turbulent Gas Flow 481
Inertial Mechanism of Coagulation 483

Mechanism of Turbulent Diffusion 484

Coalescence of a Polydisperse Ensemble of Drops 488

Formation of a Liquid Phase in Devices of Preliminary Condensation 495
Condensation Growth of Drops in a Quiescent Gas—Liquid Mixture 495
Condensation Growth of Drops in a Turbulent Flow of a Gas—Liquid
Mixture 505

Enlargement of Drops During the Passage of a Gas-Liquid Mixture
Through Devices of Preliminary Condensation 514

Formation of a Liquid Phase in a Throttle 519

Fomation of a Liquid Phase in a Heat-Exchanger 531

Surface Tension 539

Physics of Surface Tension 539

Capillary Motion 545

Moistening Flows 548

Waves at the Surface of a Liquid and Desintegration of Jets 552
Flow Caused by a Surface Tension Gradient — The Marangoni
Effect 561

Pulverization of a Liquid and Breakup of Drops in a Gas Flow 573



18
18.1

18.2
18.3
18.4

18.5

18.6

18.7

19

19.1
19.2
19.3
19.4

20

20.1
20.2
20.3
20.4
20.5

21
211

21.2

Vil

22

221
222
22.3
22.4
225

Contents

Efficiency of Gas-Liquid Separation in Separators 581

The Influence of Non-Uniformity of the Velocity Profile on the Efficiency
Coefficient of Gravitational Separators 584

The Efficiency Coefficient of a Horizontal Gravitational Separation 587
The Efficiency Coefficient of Vertical Gravitational Separators 593

The Effect of Phase Transition on the Efficiency Coefficient of a
Separator 595

The Influence of Drop Coalescence on the Efficiency Coefficient of a
Separator 601

The Effect of Curvature of the Separator Wall on the Efficiency
Coeflicient 603

The Influence of a Distance Between the Preliminary Condensation
Device and the Separator on the Efficiency Coefficient 604

The Efficiency of Separation of Gas-Liqid Mixtures in Separators with Drop
Catcher Orifices 607

The Efficiency Coefficient of Separators with Jalousie Orifices 608

The Efficiency Coefficient of a Separator with Multicyclone Orifices 610
The Efficiency Coefficient of a Separator with String Orifices 618

The Efficiency Coefficient of a Separator with Mesh Orifices 629

Absorption Extraction of Heavy Hydrocarbons and Water Vapor from Natural
Gas 0635

Concurrent Absorption of Heavy Hydrocarbons 635

Multistage Concurrent Absorption of Heavy Hydrocarbons 641
Counter-Current Absorption of Heavy Hydrocarbons 646

Gas Dehydration in Concurrent Flow 650

Gas Dehydration in Counter-Current Absorbers with High-Speed
Separation-Contact Elements 659

Prevention of Gas-Hydrate Formation in Natural Gas 667

The Dynamics of Mass Exchange between Hydrate-Inhibitor Drops and
Hydrocarbon Gas 671

Evolution of the Spectrum of Hydrate-Inhibitor Drops Injected into a
Turbulent Flow 682

References 695

Liquid—Gas Mixtures 699

Dynamics of Gas Bubbles in a Multi-Component Liquid 701

Motion of a Non-Growing Bubble in a Binary Solution 702

Diffusion Growth of a Motionless Bubble in a Binary Solution 706

The Initial Stage of Bubble Growth in a Multi-Component Solution 710
Bubble Dynamics in a Multi-Componenet Solution 713

The Effect of Surfactants on Bubble Growth 716



X

Contents

23

231
23.2
233
234

24
241
24.2

25

25.1
25.2
25.3

Separation of Liquid—Gas Mixtures 721

Differential Separation of a Binary Mixture 723

Contact Separation of a Binary Mixture 727

Differential Separation of Multi-Componenet Mixtures 729
Separation of a Moving Layer 736

Separation with Due Regard of Hinderness of Floating Bubbles 743
Separation in the Periodic Pump-out Regime 744
Separation in the Flow Regime 748

Coagulation of Bubbles in a Viscous Liquid 751
Coagulation of Bubbles in a Laminar Flow 752
Coagulation of Bubbles in a Turbulent Flow 758
Kinetics of Bubble Coagulation 761

References 764

Author Index 765

Subject Index 769





