
Contents

Introduction 1

1 Kinetic Equations and Method of Small Parameter 7
1.1 Energy of Internal Degrees of Freedom: Macroscopic Gas

Parameters 7
1.1.1 Rotational and Vibrational Energy of Molecules 7
1.1.2 Distribution Function and Macroscopic

Parameters 10
1.1.3 Specific Heats 13

1.2 Kinetic Equations for Distribution Functions in Reacting Gas
Mixtures 17

1.3 Small Parameters in Kinetic Equations and the Method of
Different Scales 20

1.4 Modification of the Chapman-Enskog Method for Gases with
Rapid and Slow Processes 26

2 State-to-State Approach 35
2.1 Zero-Order Distribution Function 35
2.2 Closed Set of Governing Equations 39
2.3 First-Order Distribution Function 41
2.4 Transport Terms 44
2.5 Production Terms 47

3 Multi-Temperature Models in Transport and Relaxation Theory . . . 55
3.1 Generalized Treanor Distribution for a Gas Mixture 56
3.2 Macroscopic Parameters and Specific Heats 62
3.3 Governing Equations in the Multi-Temperature Approach 65
3.4 First-Order Distribution Function 67
3.5 First-Order Transport Terms 72
3.6 Production Terms 75

Bibliografische Informationen
http://d-nb.info/993291511

digitalisiert durch

http://d-nb.info/993291511


XII Contents

3.7 Strongly Non-equilibrium Quasi-stationary Distribution in a
Pure Gas 80
3.7.1 Zero-Order Distribution Function 80
3.7.2 Equations for Macroscopic Parameters 86
3.7.3 Vibrational Relaxation Time and Specific Heats 87

3.8 Transport Processes in a Gas with Strong Vibrational
Excitation 90
3.8.1 First-Order Distribution Function 90
3.8.2 Transport Terms 93

4 One-Temperature Model for Chemically
Non-equilibrium Gas Mixtures 97
4.1 Zero-Order Distribution Function, Macroscopic Parameters and

Set of Governing Equations 97
4.2 First-Order Distribution Function. Transport and Production

Terms 102
4.3 Transition to Chemical Equilibrium Regime 106

5 Algorithms for the Calculation of Transport Coefficients I l l
5.1 State-to-State Approach I l l

5.1.1 Expansions in the Sonine and Waldmann-Trübenbacher
Polynomials 112

5.1.2 Systems of Equations for the Expansion
Coefficients 115

5.2 Quasi-stationary Approaches 121
5.2.1 Multi-Temperature Approach 121
5.2.2 One-Temperature Approach 128

5.3 Bracket Integrals 130
5.3.1 State-to-State Approach 131
5.3.2 Multi-Temperature Approach 137
5.3.3 One-Temperature Approach 142

5.4 ß-Integrals and Relaxation Times 144
5.4.1 ß-Integrals 145
5.4.2 Relaxation Times 151

5.5 Simplified Formulas for Transport Coefficients in the
State-to-State Approach 152

5.6 Transition Between the Transport Terms in the State-to-State
and Quasi-stationary Approaches 158

5.7 A Single-Component Gas: The Generalized Eucken
Formula 162

6 Reaction Rate Coefficients 171
6.1 State-to-State Approach: Zero-Order Chapman-Enskog

Approximation 172



Contents XIII

6.1.1 Rate Coefficients for Vibrational Energy
Transitions 173

6.1.2 Dissociation Rate Coefficients 177
6.2 Quasi-stationary Approaches 182
6.3 First-Order Approximation of the Chapman-Enskog

Method 188

7 Non-equilibrium Kinetics and its Influence on the Transport
Processes Behind Strong Shock Waves 191
7.1 State-to-State Kinetics in Binary Mixtures with Dissociation

and Recombination 191
7.2 Diffusion and Heat Transfer 196
7.3 Vibrational and Chemical Kinetics and Transport Processes in

Air Mixtures 198

8 Heat Transfer and Diffusion in a Non-equilibrium Boundary
Layer 203
8.1 Equations for a Non-equilibrium Boundary Layer in the

State-to-State Approach 204
8.2 A Flow of N2/N Mixture Near the Non-catalytic Surface 208
8.3 A Flow of O2/O Mixture Near the Catalytic Surfaces 212

9 Non-equilibrium Kinetics and Its Influence on the Parameters of
Nozzle Flows 221
9.1 Flow Equations, Non-equilibrium Distributions and

Macroscopic Parameters 221
9.2 The Influence of Non-equilibrium Kinetics on Gas Dynamics

and Transport Processes 228

Conclusion 235

References 237

Index 251


	IDN:993291511 ONIX:04 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3

	Bibliografische Informationen
	http://d-nb.info/993291511



