D

Peter Canfield (Autor)
Stability of Free Surfaces in Single-Phase and Two-Phase Open
Capillary Channel Flow in a Microgravity Environment

Peter Canfield

Stability of Free Surfaces in Single-Phase
and Two-Phase Open Capillary Channel
Flow in a Microgravity Environment

- villier Verlaz Go
(v Cuvillier Ver 1g1(1}0t

International aftlicher

https://cuvillier.de/de/shop/publications/7735

Copyright:
Cuvillier Verlag, Inhaberin Annette Jentzsch-Cuvillier, Nonnenstieg 8, 37075 Gdéttingen, Germany
Telefon: +49 (0)551 54724-0, E-Mail: info@cuvillier.de, Website: https://cuvillier.de



Contents

1 Introduction

1.2 Stateof the Art . . . . . . . . . .

1.2.1  Open Capillary Channel Flow . . . ... ... ...

1.2.2  Multiphase Flow in Microgravity . . . . ... ...

2 Theory

2.1 CQapillarity and Microgravity . . . . . . .. .. ... .. ..

2.2 1D Model for Open Capillary Channel Flow . . . . . . ..

2.2.1 Conservation of Momentum . . . . .. .. . .. ..

2.2.2 Conservation of Mass . . . . . . . . . . ... .. ..

2.2.3 Area of cross-section . . . . . .. ...

2.2.4 Mean Curvature of the Interface . . . . . . . . . ..

2.2.5 Irreversible Pressure Loss . . . . . . . .. . .. ..

2.2.6  Boundary Conditions . . . . . . . . ... ... ...

vil

13

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den personlichen Gebrauch.



viii CONTENTS
2.2.7 Pressure Boundary Condition . . . . ... ... ... ... .. 26

2.3 Modelling Two-Phase Flow . . . . . . .. ... ... ... ... .... 29
2.3.1 Conservation of Mass . . . . . . ... ... ... ... 31

2.3.2 Conservation of Momentum . . . . . ... ... ... .. ... 32

2.3.3 Pressure Boundary Condition . . . . ... ... ... ..... 33

2.4 The Non-Dimensionalized Model . . . . . . ... ... ... ... .. 34

3 Experiments 39
3.1 Experiment Setup . . . . . . ... 39
3.2 Fluid Loop . . . . . . . . . 41
3.2.1 Flow Rate Conversion . . . . . ... ... . ... ... .... 50

3.3 Optical Setup . . . . . . . .. 51
3.4 Electrical Subsystem . . . . .. ... 53
3.5 Initial Filling Procedure . . . . .. . .. ... ... ... ... 53
3.6 Experiment Procedures . . . . . . . . . ... ... ... 25
3.6.1 Determining the Single-Phase Critical Flow Rate . . . . . .. 95

3.6.2 Determining the Two-Phase Critical Flow Rate . . . . . . .. 27

3.6.3 Steady Subcritical Flow Experiments . . . . .. .. ... ... 59

3.6.4 Steady Supercritical Flow Experiments . . . . . .. ... ... 59

3.7 Experiment Test Matrix . . . . . .. ... .. ... .. ... ..... 29

4 Three-Dimensional Numerics 63

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den personlichen Gebrauch.



CONTENTS

4.1 Mesh Generation . . . . . . . . .

4.2 Simulations with SimpleFoam . . . . . . ... ... ... ... ....

4.2.1 Mesh Quality Analysis . . . . . . .. ... ... L.

4.3 Simulations with InterFoam . . . . . . . . . . .. ... .. ... ...

4.3.1 Boundary Conditions . . . . . . . . .. ... .. .. ......

4.3.2 Simulation Procedure . . . . . . . . .. ...

4.3.3 Representative Results . . . . . .. .. ... ... ... ....

5 One-Dimensional Numerics

5.1 Single-Phase Flow . . . . . . . . .. .. ...

5.2 Two-Phase Flow . . . . . . . . . .

6 Comparative Results and Discussion

6.1 Behaviour of the Free Surface . . . . . . . . . . . . . ... ... ...

6.2 Single-Phase Critical Flow . . . . . . .. ... .. ... ... .. ..

6.3 Subcritical Single-Phase Flow . . . . . . ... ... .. ... ... ..

6.4 Two-Phase Critical Flow . . . . . . . . . . . . . .. ... ... ..

6.5 Supercritical Bubble Ingestion . . . . . . .. ..o 0000

7 Bubble Ingestion Model

7.1 Model Assumptions . . . . . . . ...

7.1.1  Velocity limit drives bubble growth . . . . . . ... ... ...

X

65

68

69

69

69

71

72

79

81

86

89

90

92

104

104

110

115

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den personlichen Gebrauch.



7.1.2 Constant Curvature . . . . . . . . . . . . ...
7.1.3 Arc Length Growth Rate . . . . . ... ... ... . ......
7.1.4 Initial Conditions . . . . . . . . . . ..

7.2 Model Results . . . . . . . .

8 Summary and Outlook

A Indicial Notation for Tensor Operations

B CCF EGSE Flow Map

C Tabulated Ayyaswammy Velocity

D Numerical Study - Pipe flow (simpleFoam)

E Numerical Study - Capillary Rise (interFoam)

CONTENTS

129

133

137

139

141

155

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den personlichen Gebrauch.



