
Table of contents

List of figures xi

List of tables xvii

Nomenclature xix

Abstract xxv

Zusammenfassung xxix

1 Introduction 1

2 State of the art and basic knowledge 5
2.1 Gas-liquid flows in channels . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.2 Transport processes in bubbly blows . . . . . . . . . . . . . . . . . . . . . 7

2.2.1 Fluid dynamics at free rising bubbles . . . . . . . . . . . . . . . . 7

2.2.2 Mass transfer at free rising bubbles . . . . . . . . . . . . . . . . . 17

2.2.3 Wall effects on rising bubbles in vertical channels . . . . . . . . . . 25

2.3 Taylor bubbles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.3.1 Terminal rise velocity of Taylor bubbles . . . . . . . . . . . . . . . 29

2.3.2 Local fluid dynamics at Taylor bubbles: front, film & wake flow . . 32

2.3.3 Mass transfer at Taylor bubbles . . . . . . . . . . . . . . . . . . . 32

2.3.4 Influence of surfactants on transport processes . . . . . . . . . . . 35

2.4 Conclusion, gap of knowledge & research goal . . . . . . . . . . . . . . . 37

3 Experimental set-up and procedure 39
3.1 Experimental set-up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.2 Visualization techniques & procedures . . . . . . . . . . . . . . . . . . . 42

3.2.1 LED back-light imaging . . . . . . . . . . . . . . . . . . . . . . . 42



viii Table of contents

3.2.2 Particle Image Velocimetry - Evaluation of velocity fields . . . . . 47

3.2.3 Laser Induced Fluorescence - Evaluation of concentration fields . . 50

3.3 Procedures and experiments . . . . . . . . . . . . . . . . . . . . . . . . . 57

3.3.1 Preparation of the experimental setup and working fluids . . . . . . 57

3.3.2 Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4 Results and discussion 61
4.1 Investigation of global and local fluid dynamics of bubbles in channels . . 62

4.1.1 Flow regimes of bubbles rising in channels - Classification in small,

intermediate and Taylor bubbles . . . . . . . . . . . . . . . . . . . 62

4.1.2 Global bubble dynamics - Influence of the channel geometry . . . . 70

4.1.3 Local fluid dynamics at bubbles in channels - Influence of the channel

geometry and fluid properties . . . . . . . . . . . . . . . . . . . . 74

4.1.4 Influence of surfactants on Taylor bubble dynamics . . . . . . . . . 90

4.2 Investigation of global and local mass transfer processes at Taylor bubbles . 95

4.2.1 Global mass transfer processes - Influence of channel geometry . . 95

4.2.2 Modeling of global mass transfer processes by Sherwood number

correlation & the prediction of long-term dissolution processes . . . 96

4.2.3 Influence of surfactants on Taylor bubble mass transfer . . . . . . . 101

4.2.4 Local mass transfer investigations by means of Laser Induced Fluo-

rescence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

4.3 Comparison of global and local measuring techniques - Bubble volume

difference vs. the integration of concentration field . . . . . . . . . . . . . 108

4.4 Influence of mixing on mass transfer and chemical reaction . . . . . . . . . 111

5 Conclusion 113
5.1 Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

References 117

Appendix A General parameters and dimensionless numbers of the channels 125

Appendix B Absorption and emission spectra of Fluorescein 127

Appendix C Settings for PIV and LIF equipment and post processing 129

Appendix D Global mass transfer processes of Taylor bubbles in aqueous fluores-
cein solution 133



Table of contents ix

Appendix E Local fluid dynamics at Taylor bubble front kept in CCF in circular
channel D = 6 mm 135

Appendix F Local fluid dynamics at small bubble kept in CCF in square channel
Dh = 6 mm 137

Appendix G Taylor bubbles wakelength lwake = f (ν) in square channel Dh = 6 mm143

Appendix H Local fluid dynamics at clean and contaminated Taylor bubbles in
circular channel D = 6 mm 149

Appendix I Curriculum Vitae 153


