Contents

Acknowledgements

Zusammenfassung

Abstract

Publication List

Nomenclature

1

Bibliografische Informationen
https://d-nb.info/133311057X

Introduction
1.1 State of Research: In-Cylinder Soot Modeling . . . . . . . ..
1.2 Outline and Achievements . . . . . . .. .. ... ... ....

Modeling Framework

2.1 Governing Equations . . . . ... ... ... ...

2.2 Dispersed Liquid Phase Model . . . .. .. ... .. .....
2.2.1 Droplet Drag and Evaporation Model . . .. ... ..
2.2.2 Primary Breakup Model . . . . . .. ... ... ....
2.2.3 Secondary Breakup Model . . . . . ... .. ... ...

2.3 Soot Model . . . ... ... ...
2.3.1 Description of Soot Particles . . .. .. ... .. ...
2.3.2  Number Density Function . . . . ... ... ......
2.3.3 Soot Inception . . . ... ... ... ... L.
2.3.4 Surface Reactions. . . . . .. ... ... ... ... ..
2.3.5 Dimerization . ... .. ... ... ...
2.3.6 Coagulation . . . . . ... ... Lo
2.3.7 Hybrid Method of Moments Model . . . . . ... ...

2.4 Large Eddy Simulation . . . . . ... ... ... .. ... ...
2.4.1 Filtered Governing Equations . . . . . . .. ... ...

iii

vii

xii

[\

digitalisiert durch


https://d-nb.info/133311057X

Contents

2.4.2 Numerical Errorsin LES . . .. ... .........
2.4.3 Subfilter Stress and Scalar Flux Models . . . ... ..
2.4.4  Subfilter Scalar Variance and Dissipation Rate Model
2.5 Non-Premixed Combustion Modeling . . . . ... .. .. ...
2.5.1 Filtered Density Function . . . ... ... ... ....
2.5.2 Transported FDF Methods . . ... ... ... ....
2.5.3 Mixture Fraction-Based Models . . . . .. ... .. ..

Importance of Consistent Transport Modeling

3.1 Theory and Model Derivation . . . ... .. ... .......
3.1.1 Laminar Non-Premixed Flamelet Equation . .. ...
3.1.2 Non-Premixed Flamelet Model for Turbulent Flows . .
3.1.3 Flow Parameter Models . . . . ... ..........
3.1.4 Conditional Curvature . . . . . .. ... ... .....

3.2 GCFP Model Application . . . ... ... ... ... ...,
3.2.1 Numerical Evaluation of the GCFP Model . . . . . . .
3.2.2  Further Models & Numerical Methods . . . . ... ..
3.2.3 DNS Configuration . . . . ... ... ..........
3.2.4 Simulation Results . . . .. ... ... .........

3.3 Chapter Summary . . . ... ... ... ... ...

Local Consistent Flow Parameters Model

4.1 Theory and Model Derivation . . . . .. ... ... ......
4.1.1 Turbulent Spray Flamelet Equation . . ... ... ..
412 LCFPModel .. ... ... .. .. ...........

4.2 Spray LES Model . . . . .. ... ...
4.2.1 Consistent Flow Subfilter Closure . . . . .. ... ...
4.2.2 Consistent Spray Subfilter Model . . . . . . ... ...

4.3 LCFP Model Application . . . . .. ... ... ........
4.3.1 Application Case and Simulation Setup . .. ... ..
4.3.2 Numerical Methods . . .. ... ............
4.3.3 Spray LES Model Validation . ... ..........
4.3.4 LCFP Model Realizability . . . . ... ... ... ...
4.3.5 Local Conditional Flow Parameters. . . . . . ... ..

4.4 Chapter Summary . . . . . . . . v vt

Effect of Numerical Errors on Scalar Mass Conservation

5.1 Assessment of Numerical Errors . . . . ... ... ... ....

5.2 Model Application . . . ... ... ... ... ...
5.2.1 Scalar Mass Conservation Errors . . . ... ... ...



Contents

5.2.2 Scalar Convection Scheme Variation . . ... ... .. 88

5.2.3 Mixture Fraction Grid Sensitivity . . . . . . ... ... 93

5.3 Chapter Summary . . . . . . . . . .o vt 94

6 Engine Model Demonstration 96
6.1 Fuel Candidates. . . . . . ... ... .. ... .. 96
6.2 Engine Simulation Case . . . ... ... ... ... ...... 97
6.3 Engine-Specific Models & Simulation Setup . . . . . ... .. 99
6.4 Engine Simulation Results . . . . . . ... ... ... ... .. 103
6.4.1 In-Cylinder Spray and Combustion . . . . . . ... .. 103

6.4.2 Soot Mass Conservation Error . . . .. ... .. ... 106

6.4.3 Fuel Effect on Soot Formation . ... ... ...... 108

6.5 Chapter Summary . . ... ... ... ... ... L 118

7 Concluding Remarks 120
Appendix A Detailed Model Derivation 124
Appendix A.1  Fine-Grained FDF Concept . . ... ... .. .. 124
Appendix A.1.1  Properties of the Dirac Delta Function . . 124
Appendix A.1.2  Properties of the Fine-Grained FDF . . . 126
Appendix A.2  Turbulent Spray Flamelet Equation . . . . . . .. 128
Appendix A.3  Consistent Mixing Model . . . . . . . .. ... .. 133

Appendix A.3.1  Mixture Fraction FDF Transport Equation 133
Appendix A.3.2  Consistent Conditional Flow Parameters . 138

Appendix B Engine LES Results 143

Bibliography 150



