Contraintes mecaniques induites lors du gel d'une solution
acqueuse dans un reservoir
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Contexte : rupture de réservoir provoqueée par I'expansion induite par le gel d’un liquide

A tank filled with agueous urea solution

Component failure due to high
pressure Iin the liquid pocket.

Non-isotropic phase-change expansion (PCE)
at the solidification interface:
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Simulation by thermal conduction: geometric
prediction of solidification interface Possible mechanical interferences Weeks & Wettlaufer (1996): “As polycrystalline ice grows, favorably

oriented crystals expand at the expense of less favorably oriented ones.’

Approche analytique : contraintes et pression dans un réeservoir spherique
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Approche numerique : solidification par elements finis en thermo-mecanique couplés

Numerical model Benchmark test in a steel vessel, filled with water Application exp: freezing in an open reservoir

- Liguid phase is treated as in static state solid with a pressure censor and a thermocouple in the center. . >
with small shear stress: & y, | o
* Small shear modulus
« Small yield strength to plasticity
- The non-isotropic PCE Is modeled using
local heat flux, which Is always in the normal
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- Rigid reservoir example

- Pressure near the last liquid pocket is
high, component of the tank should
avoid these positions.

- Inelastic deformation above liquid
region is big, cracks of the solid may
occur. >> Future work

- Simulation in 3D is also available,
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