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Liquid Crystalline Precursors for Structural Materials
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Outline

1. Introduction: Liquid crystals
3. Leslie-Ericksen Nematodynamics
4. Landau de Gennes Nematodynamics

5. Applications
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Order Parameters: n and Q

1 3

¥(u)=

4n 4mtx2

Orientation n and Alignment S

NS~
W\\U\/\ ﬂ”nu (!
WY ﬁg I

S=0 S=1/2

Q:(uu—-1/3)+...

Orientation &
align%nt Q
4 A

o

Quadrupolar

B
@ Materials Modeling Research Group




Computational Flow-Modeling Paradigm
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Parametric Space
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Flow-Modeling

{ Flow and Structure Modeling of Liquid Crystals
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Leslie-Ericksen Nematodynamics
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Four Dynamical Laws
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Leslie-Ericksen Nematorheology

 Flow alignment M. :%(“1”2_7"1“%&2 A

« Shear viscosities 1, =(a, +o, +a,)/2 . n, =(-a, + 0, +a,)/2
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Rheological Characterization
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Landau-de Gennes Nematodynamics
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Landau-de Gennes Nematodynamics
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LdG Nematorheology
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Flow-Modeling

[ Flow and Structure Modeling of Liquid Crystals
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Topological Defects
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Point Defects
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Disclination Lines in c/c Composites
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Defect-Defect Reactions
splitting: M=+1-> 2 M=+1/2
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Defect Rheo-physics:Nucleation |4/>1
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Defect Rheo-physics: Coarsening Rate f(De)
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Multiscale Flow-Modeling

[ Flow and Structure Modeling of Liquid Crystals ‘
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MONOCRYSTAL LINEAR VISCOELASTICITY
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Polycrystal Linear Viscoleasticity: G’ and G”
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Multiscale Flow-Modeling

[ Flow and Structure Modeling of Liquid Crystals ‘
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Monodomain Shear Rheology of CMs
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Shear Flow-Alignment and Texturing

Experiments ~Simulations
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Structuring by Flow Through Screens
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Heat transfer appl.

Fiber Texture Engineering
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Computatlonal Textured Nematodynamlcs

Flow veIOC|ty
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Numerical Scheme
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Flow Equations

_v.(VV+VVT)+Vp+(1_a)V'(G+GT):V'TLCP
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Outlook

Models

- Need further development in molecular models to remove current
iInconsistencies in fitting shear viscosities

- Further develop interfacial and contact line nematodynamics

- Stress boundary conditions for outflows

- Incorporate couple stresses

Computation

- Multiscale multidimensional DNS
- Resolve banded texture enigma
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