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Some Effects of Frost
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The Forces Responsible...

for frost heave are the same
long-range intermolecular forces
that underlie surface tension...
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and also cause most solids close to their melting points to be
molten at their surfaces.



Thermodynamics of Interfacial Premelting
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Dynamics of Interfacial Premelting
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Marangoni versus Thermomolecular Flow
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Flow of Premelted Liquid

Experiments  (Wilen & Dash 1995
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Lubrication Theory (wettlaufer & Worster 1995,9
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Lubrication Theory

Lubrication theory gives volumetric flow rate in the premelted film to

be 3
B op | Al dp
Q=-92u9x = ~T2uGxox

where the pressure driving the flow is
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Similarity Solution and Comparison with Experiments
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Multiple Ice Lenses

Taber (1930)
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. Rempel, Wettlaufer & W
Thermodynamic Buoyancy R 2001

Film thickness determined by interfacial pre-melting and curvature
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Where m is the mass of ice displaced by the particle. cf Archimedes



Freezing of soil - formation of ice lenses
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Single Ice Lens - Complete Particle Rejection

warm
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Kaolinite. 60% by weight. Particle size approximately 1 um.



Single Ice Lenses in Nature — Needle Ice




Dynamics of the Lenses and Frozen Fringe
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Calculations of ice-lens dynamics
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Calculations of ice-lens dynamics
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Calculations of ice-lens dynamics
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Calculations of ice-lens dynamics
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Calculations of ice-lens dynamics
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Modes of Behaviour

Rempel, Wettlaufer & W.
JFM 2004
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Freezing of a Colloidal Suspension
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Freezing of a Colloidal Suspension
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Different Types of Behaviour




Summary and Conclusions

Long-range intermolecular forces can cause most solids to premelt at
their surfaces or at interfaces with other materials

Temperature gradients give rise to gradients in thermo-molecular pressure:
surface transport;
thermodynamic buoyancy

Competition between thermodynamic buoyancy and viscous fluid flow
determines heaving rates and lens initiation

Interplay between
morphological instability of lens front,
nucleation beyond compaction layer and
thermodynamic buoyancy within compaction layer
may determine a wide range of different behaviours



