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Previous theoretical work:

* Linear instability analysis using Leslie-Ericksen theory:

Manneville & Dubois-Violette (1976);
Larson (1993).

Objectives of this work:

* Use direct flow simulations to follow the nonlinear
evolution of roll cells;

* Explore birth of disclinations in distorted orientational
ficlds.

The Leslie-Ericksen Theory

1. Rotation of the director: balance between viscous and
elastic torque

nx(h-yN-y,D-n)=0

h: elastic torque ¢ [ree energy of elastic
distortions (splay, twist, bend. K)

N, D-n: viscous torque (viscosities: y,, ,)

y:_. ’i{"'-(ﬂ‘)"'f.l

2. Stress tensor:

o=0,+aD:nnnn+ a,nN+o,Nn+o,D+ann-D+aD-nn

Q.

Elashe stress

3. Equations of motion:
Vv=0, 0=-Vp+V.0o
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Numerical Method:

4

—

* Finite-difference method on rectangular domain:

y
4

=

BOGICO60

W

* Width of computational domain: W/ = ?
* Anchoring conditions on top/bottom walls

* Boundary conditions on side walls

4

Evritkson Number,

=T = 17H /K

Four imes:
I. Stable simple shear ( 0 < Er <55)
II. Steady-state roll cells ( 55 < Er<85)
111. Oscillating roll cells ( 85 < Er < 150 )

IV. Irregular patterns with defects ( £r > 150 )
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History of z at (2,0.25) fer Er=60
0
Time (strain units)
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Oscillating roll cells: Evolution of v at (2,0.25)
(Er=100, W/EH=8, random initial disturbance)
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i /\m 0 on with experiment (Larson & Mead 1993):
| { ; L]
il (. \kﬁ Four regimes in general agreement.

\_/ 1. The appearance and growth of roll cells:

‘\ * Onset: Er = 55 (numerical); Er = 45 (experiment);
* Agreement of wave numbers; increase with Er.

2. Long-time behavior of roll cells at higher Er:

* Numerical: Rolls split and oscillate for 85 < Er < 150,
* Experimental: “steady-state™ rolls up to Er = 155.

Atime=08000
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Comparison with experiment (Cont'd):

3. At still higher Er:

* Experimental: for Er > 150 — 230,

(a) “... a weaker fine structure appears, which
disrupts the regularity of the striped pattern.”

(b) thick disclinations first appear at Er =150.

(c) "director turbulence" at still higher E7.

¢ Numerical: for Er > 150,

(a) rolls break up into irregular patterns; big
swirls (size ~ H/2) surrounded by small ones.

(b) £1 disclinations nucleating; persists for ~ 30 s.u.
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K = (v u)"
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L 3

U el X )=-—-—UkT[( )+£—V(“)]

l weak dustortion.
Frank elasticity f-= th VET 8L’ (om: vn")

2. A nonlecal stress temsor 'd/lvdu.élq “vwtua wou(’
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X QE)! Jg JV:JF

Totad free Energy in V.
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