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Liquid Crystalline Precursors for Structural Materials 
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Outline
1. Introduction: Liquid crystals

2. Modeling Overview

3. Leslie-Ericksen Nematodynamics

4. Landau de Gennes Nematodynamics

5. Applications
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Order Parameters: n and Q

( ) 1 3x5 ( / 3) ...
4 4 x2

Ψ = + − +
π π

u Q : uu I

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
0

5

10

15

20

25

30

35

Teta

D
is

tri
bu

tio
n 

Fu
nc

tio
n

 T=150

T=296

T=408

T=427 23 1S= cos θ -
2 2

n

Orientation n and Alignment S

S=0 S=1/2 S=1

⎛ ⎞
⎜ ⎟
⎝ ⎠

δQ=S nn-
3

Quadrupolar
order 

parameter Q

Orientation & 
alignment Q



Materials Modeling Research Group

Computational Flow-Modeling Paradigm
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Parametric Space
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Quijada-Garrido et al.,  Macromolecules, (2000)

Flow-Alignment

Quijada-Garrido et al.,  
Macromolecules, (2000)

Flow-aligning Non-flow-aligning
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Outline
1. Introduction: Liquid crystals

2. Modeling Overview

3. Leslie-Ericksen Nematodynamics
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Flow-Modeling 
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Leslie-Ericksen Nematodynamics

 se  sv         + =Γ Γ 0 s
v

svs
e

se x-           ;  x      h  n Γ  h  n Γ ==

s F d: :
dt

δ ⎛ ⎞Δ = − ⎜ ⎟δ ⎝ ⎠
nT A

n

s

Fd
dt

⎛ ⎞ ⎛ ⎞−λ⎛ ⎞⎜ ⎟ ⎜ ⎟= ⊗ δ⎜ ⎟⎜ ⎟ ⎜ ⎟λ −⎝ ⎠ ⎝ ⎠δ⎝ ⎠

AT a
n β

n



Materials Modeling Research Group

2. Back-flow
Four Dynamical Laws
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4. Three Visco-elastic Modes
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• Flow alignment

• Shear viscosities

• Back-flow

• Secondary flow

• First normal stress difference

• Shear thinning

Leslie-Ericksen Nematorheology
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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 
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Topological Defects
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Point Defects

Brooks-Taylor Spherulites Micron-range Gas Bubbles

bubble-defect dipole:

d=1.2-1.5 R

radial hyperbolic
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Disclination Lines in c/c Composites

( 2) / 2S N= − −Zimmer’s Rule:
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Defect-Defect Reactions
splitting: M=+1 2 M=+1/2

annihilation:1/2+(-1/2)=0

asymmetric annihilation with HI
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Defect Rheo-physics:Nucleation
1. Frank-Reid loop emission

1λ >

2. Loop splitting

3. Heterogeneous re-orientation
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Defect Rheo-physics: Coarsening Rate f(De)

1. defect-interface annihilation

2. defect-defect annihilation
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Multiscale Flow-Modeling 
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Lima and Rey , Rheologica Acta (2005), W.R. Burghardyt , JOR (1991)
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Polycrystal Linear Viscoleasticity: G’ and G”
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Multiscale Flow-Modeling 
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Monodomain Shear Rheology of CMs
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Shear Flow-Alignment and Texturing

Experiments Simulations

transient

steady
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Structuring by Flow Through Screens

Experiments

Nucleation of Disclination Lattices
n-field RPOM
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Fiber Texture Engineering
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Computational Textured Nematodynamics
Flow velocity

FIO

Q- velocity

BFdefects

Numerical Scheme

−∇ ⋅ (∇v + ∇vT ) + ∇p + (1− α )∇ ⋅ (G + GT ) = ∇ ⋅τ LCP

where  τ LCP = τ total − α(G + GT ) and 0 ≤  α  ≤  1

∇ ⋅ v = 0 G − ∇v = 0
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Outlook
Models
- Need further development in molecular models to remove current

inconsistencies 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


