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Energy

Free energy of the system depends on melt surfaces
U=-p, V- PVy+0oS,+05;+0, X +0o X+ gp(j ZdV)

o - melt surface tension

G, — 8as - crucible interface tension

o;.— melt- crucible interface tension

p —melt density, g— gravity acceleration
Pup» P4 —Upper and lower pressures
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energy variations

Energy depends on surface shapes

U=U,+5U+1/25U +...

Extremum of energy yields the Young-Laplace equation

oU=0 — o(k+k,)=pd+c,
F=-V¢, ¢=07-a’r’/2

k,+k, — sum of principal curvatures
o - angular frequency of crucible with melt
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< energy variations

Energy minimum —
second variation of energy has to be positive

oU >0

5°U =0 defines neutral stability boundaries

1. Upper and lower menisci are axisymmetric
2. Melt volume is preserved
3. Menisci perturbations are non-axisymmetric, in general.



% non-dimensional numbers
2
B = gph - Bond number
o
- p,+9poH -2x0 1,
P= ( Pip ~ Po 9P ) L _ differential pressure parameter

O
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Puof’ p,
T = plde: d'1

up
oV, oV,

- finite gas volume parameters

2.3
po T - Weber number
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Stability maps
non-axisymmetric perturbations
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Stability maps
axisymmetric perturbations
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neutral boundary for W=0.5
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no solution

Rotation diminishes stability

pinned stable

P, of only non-axisymmetric modes

ne solution

Finite volumes enhances
stability of axi-symmetric modes
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