
Contents

Contents i

List of Figures v

List of Tables ix

Nomenclature xi

1 Introduction 1
1.1 General context . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Fundamentals of atomization . . . . . . . . . . . . . . . . . . . 3
1.3 Case of study . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.4 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2 Computational methodology 19
2.1 Overview of computational methods for interface treatment in

primary atomization . . . . . . . . . . . . . . . . . . . . . . . . 21
2.1.1 Front-Tracking . . . . . . . . . . . . . . . . . . . . . . . 22
2.1.2 Level-Set . . . . . . . . . . . . . . . . . . . . . . . . . . 23
2.1.3 Volume-of-Fluid . . . . . . . . . . . . . . . . . . . . . . 24

2.2 Proposed methodology for the case of study . . . . . . . . . . . 27
2.2.1 Precursor single-phase flow LES . . . . . . . . . . . . . 31

2.2.1.1 Governing equations and related submodels . . 31
2.2.1.2 Computational domain and mesh . . . . . . . 31
2.2.1.3 Boundary conditions and discretization schemes 32
2.2.1.4 Post-processing and validation . . . . . . . . . 33

2.2.2 Precursor two-phase flow LES . . . . . . . . . . . . . . . 35

i



ii CONTENTS

2.2.2.1 Governing equations and related submodels . . 35
2.2.2.2 Computational domain and mesh . . . . . . . 36
2.2.2.3 Boundary conditions and discretization schemes 37
2.2.2.4 Post-processing and validation . . . . . . . . . 38

2.2.3 Two-phase flow DNS . . . . . . . . . . . . . . . . . . . . 42
2.2.3.1 Governing equations and related submodels . . 42
2.2.3.2 Computational domain and mesh . . . . . . . 43
2.2.3.3 Boundary conditions and discretization schemes 45
2.2.3.4 Post-processing methods . . . . . . . . . . . . 47

3 Accounting for the influence of film history on the primary
atomization process 53
3.1 Qualitative analysis . . . . . . . . . . . . . . . . . . . . . . . . 54
3.2 Quantitative analysis . . . . . . . . . . . . . . . . . . . . . . . . 56

3.2.1 Ligaments analysis . . . . . . . . . . . . . . . . . . . . . 56
3.2.2 Droplets analysis . . . . . . . . . . . . . . . . . . . . . . 61

3.3 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

4 Study of the influence of flow properties on the primary
atomization process 71
4.1 Qualitative analysis . . . . . . . . . . . . . . . . . . . . . . . . 73
4.2 Quantitative analysis . . . . . . . . . . . . . . . . . . . . . . . . 75

4.2.1 Ligaments analysis . . . . . . . . . . . . . . . . . . . . . 75
4.2.2 Droplets analysis . . . . . . . . . . . . . . . . . . . . . . 79

4.3 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

5 Proposal for the integration of the work developed in La-
grangian LES simulations 87
5.1 Particle injection proposal overview . . . . . . . . . . . . . . . . 88
5.2 Data for breakup model derivation . . . . . . . . . . . . . . . . 90

5.2.1 Step 0: Generation of the liquid mass flow rate temporal
evolution . . . . . . . . . . . . . . . . . . . . . . . . . . 90

5.2.2 Step 1: Droplet location determination . . . . . . . . . . 94
5.2.3 Step 2: Droplet size determination . . . . . . . . . . . . 97
5.2.4 Step 3: Droplet velocity determination . . . . . . . . . . 98

5.3 Spray breakup model parametrization . . . . . . . . . . . . . . 102
5.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

6 Conclusions and future works 107
6.1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
6.2 Future works . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114



iii

A Exploring mesh refinement through adaptive tools 119
A.1 Proposed methodology for the case of study . . . . . . . . . . . 120

A.1.1 Governing equations and related submodels . . . . . . . 120
A.1.2 Computational domain and mesh . . . . . . . . . . . . . 120
A.1.3 Boundary conditions and discretization schemes . . . . 122
A.1.4 Post-processing methods . . . . . . . . . . . . . . . . . . 124

A.1.4.1 Droplet cloud analysis . . . . . . . . . . . . . . 124
A.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
A.3 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

Bibliography 131


	Contents

