
Contents

1 Introduction 9

2 Modeling the behavior of jets and fibers 13
2.1 Theory of rods ...................................................................................................  13

2.1.1 Kinematics and d y n am ics ....................................................................  14
2.1.2 Geometric m o d e l.................................................................................... 17
2.1.3 Material l a w s .......................................................................................... 18
2.1.4 Energy b a la n c e ....................................................................................... 21
2.1.5 External loads.......................................................................................... 21

2.2 Formulations for the viscous jet m o d e l ........................................................... 21
2.2.1 General parameterization.......................................................................  22
2.2.2 Non-dimensionalization..........................................................................  27
2.2.3 Parameterization of the rotational g ro u p ...........................................  28
2.2.4 Index analysis and a stabilized reduced index formulation................ 30
2.2.5 Viscous jet m odel...................................................................................  36

2.3 Boundaries and space-time domains for set-ups ...........................................  37
2.3.1 Position and tension-free b o u n d a ry ..................................................... 41
2.3.2 Both tension-free boundaries..........................................................   47
2.3.3 Both position boundaries.......................................................................  48

3 Adaptive meshes: refinement 51
3.1 Three parameterization la y e rs ..........................................................................  52
3.2 Adaption strategy................................................................................................ 54
3.3 Desired re-param eterization.............................................................................  61

4 Numerical scheme 69
4.1 Finite Volume m e th o d ......................................................................................  69

4.1.1 Scheme and truncation e rro r .................................................................  70
4.1.2 Initial and boundary conditions........................................................... 78
4.1.3 A lgorithm ................................................................................................ 82
4.1.4 Solution reconstruction ........................................................................... 83

4.2 Application to the jet m ode l.............................................................................  84
4.3 Application to r-refinement strategies.............................................................. 86

5 Convergence and performance 89
5.1 Academic scenario: Viscous cantilever..............................................................  89
5.2 Convergence order ............................................................................................. 91
5.3 Avoiding a singular Jacobian...................................................................   95

http://d-nb.info/1144386349


Contents

5.4 Adaptivity...........................................................................................................  96
5.4.1 Cost of general parameterization ........................................................ 97
5.4.2 Suitable re-parameterization.................................................................  99

6 Applications 105
6.1 Rotational spinning p ro c e s s .............................................................................. 105

6.1.1 Model alteration, external loads and param eters...............................  107
6.1.2 Numerical method and investigation .................................................. 108
6.1.3 Parameter s t u d y .................................................................................... 114
6.1.4 Industrial application.............................................................................  115

6.2 Melt-blowing p ro cess ..........................................................................................  118
6.2.1 Air drag m o d e l....................................................................................... 122
6.2.2 Turbulent reconstruction.......................................................................  123
6.2.3 Numerical method and investigation .................................................. 124
6.2.4 Industrial ex a m p le ................................................................................. 126

7 Conclusion 135

Appendices

A Other material laws 139
A.l E la s tic .................................................................................................................  139
A.2 V iscoelastic........................................................................................................  140
A. 3 Thermal sim ulations........................................................................................  140

B Modeling and reduction of dimensions 145
B. l GGL projection correction for the kinematics...................................................  145
B.2 Two-dimensional jet m odel...................................................   145
B. 3 Uniaxial jet model ............................................................................................ 146

C Adaptivity 149
C. l Analytical exam ple ...........................................................................................  150
C.2 Burger’s equation ............................................................................................... 157
C.3 Growing Eulerian parameterization with Lagrange tracking.........................  160
C. 4 Rotational spinning p ro c e s s ............................................................................  161

D Numerical scheme and implementation 163
D. l Details to derivation of the Finite Volume m ethod ...................................... 163
D.2 Details on the application of the jet m o d e l...................................................  169

Notations 173

Bibliography 179


