
xi

Contents

Abstract......................................................................................................................... v

Zusammenfassung.................................................................................................... vii

Acknowledgements.................................................................................................... ix

1 Introduction......................................................................................................... 1
1.1 Problem description and outline................................................................... 1
1.2 Modeling of woven textiles and filters.......................................................... 6

2 Mathematical modeling....................................................................................... 9
2.1 Microscopic fluid-structure interaction model.......................................... 9

2.1.1 The structure domain....................................................................... 9
2.1.2 The structure model....................................................................... 13
2.1.3 The FSI domain................................................................................ 19
2.1.4 The FSI model................................................................................... 20

2.2 Macroscopic fluid-structure interaction model.......................................... 24
2.2.1 Asymptotic limit system................................................................... 24
2.2.2 Heuristic model with permeable interface ................................... 32
2.2.3 Existence proofs.................................................................................. 35

Preliminary results............................................................................ 35
Galerkin approach............................................................................ 38
Semigroup approach......................................................................... 46
Stationary case.................................................................................. 52

3 Numerical methods............................................................................................. 53
3.1 Considered physical samples......................................................................... 53
3.2 Microscopic structure simulation ................................................................ 56

3.2.1 Virtual textile generation and homogenization.............................. 57
3.2.2 Qualitative description of stiffness tensors..................................... 66
3.2.3 Quantitative description of stiffness tensors ................................ 73
3.2.4 Computation of permeability........................................................... 83

3.3 Macroscopic fluid-structure simulation....................................................... 90
3.3.1 FE formulation................................................................................ 90
3.3.2 Formulation with conforming FE.................................................. 97

Fluid elements .................................................................................. 99
Structure elements............................................................................... 102

http://d-nb.info/1354612876


xii Contents

3.3.3 Formulation with non-conforming FE.................................................105
3.3.4 Stationary FSI simulation ...................................................................113
3.3.5 Non-stationary FSI simulation.............................................................121
3.3.6 Extension with anisotropic model parameters..................................127

4 Optimization problem .......................................................................................... 131
4.1 Problem description ........................................................................................131
4.2 Existence of minimizers ................. 133

4.2.1 Domain transformation.........................................................................133
4.2.2 Continuity of the homogenized stiffness tensors...............................136
4.2.3 Continuity of the permeability tensor.................................................143
4.2.4 Existence proof..................................................................................... 149

4.3 First-order optimality conditions..................................................................... 150
4.4 Numerical optimization example .................................................................. 153

4.4.1 Implementation details.........................................................................153
4.4.2 Optimization example.........................................................................154

5 Conclusion............................................................................................................... 163

A Permability measurements....................................................................................165
A.1 Filter sample 1 ................................................................................................ 165
A.2 Filter sample 2 ................................................................................................ 165
A.3 Filter sample 3 ................................................................................................ 165

Bibliography................................................................................................................... 166


