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Problem statement

Application to viscoplastic avalanches (continued)

Variation in the front position with
time for § = 12°. Experiments done
with Carbopol at various concentra-
tions. Dashed curves: theoretical
prediction given by a zero-order non-
linear convection equation (modeling
the behavior of an avalanching mass
of Herschel-Bulkley fluid).

Fluid Avalanches in the Laboratory: outine of recent work — p. 1611



Problem statement

Inertia driven part
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Problem statement

Figure: Experiment: Dambreak of viscoplastic material on an inclined
plane (more details in the talk of Steve Cochard)




Governing equations

Incompressibility
V-i=0 (1)

Conservation of Momentum

od IR | 1
E——U-VU—;VP—F;VT (2)
Newton's law
= (va+ (vn)T> (3)
—_——
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with viscosity u(7,%), density p(F), velocity 4(7) and pressure p.



Rheological model

Herschel-Bulkley model
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The Solver

» Chorin’s Projection scheme
BICG to solve the pressure equation

» Semi-implicit,

the parabolic (stress) term is treated implicitly

Two phases: Gas./.Liquid

Level-Set and Volume of Fluid to represent the free-surface

Parallel by domain decomposition (mpi)

vV v v Y

Various rheologies:
Bingham, Herschel-Bulkley, Coulomb ...



Comparison in 2D

Time 1.200058 s

Numerical result

Experimental result
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Figure: Comparison of the Numerical Result with S. Cochards
experiments. Quasi 2D in a channel.



Comparison in 3D

Figure: Comparison of the Numerical Result with S. Cochards
experiments. 3 dimensional flow.



Pseudo-plug region

<100 Viscosity in [Pa - 3] > 1000
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Figure: Permanent uniform flow of a HB-fluid down an inclined channel.
¢ defines the critical viscosity to identify pseudo plug regions.



Pseudo-plug regions

Figure: Pseudo yield surface: The blue transparent suface represents the
free surface, the red the yield surface.?

Ynclination 12°, Concentration 0.25%
2Inclination 12°, Concentration 0.25%



Collaps of a sandpile

Figure: Collaps of a column of sand with different layers of sand to
visualize the deformation.



Comparison to experimental results
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Figure: Comparison of the free-surface with laboratory experiments3.

3Lajeunesse, E., Mangeney-Castelnau, A., and Vilotte, J.P., 2004. Spreading
of a granular mass on an horizontal plane, Phys. Fluids, 16(7), 2371-2381.



	Introduction
	The Model
	The solver
	Results
	Comparison to Steve's experiment
	Determination of the pseudo-plug regions
	Coulomb fluid


	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	0.32: 
	0.33: 
	0.34: 
	0.35: 
	0.36: 
	0.37: 
	0.38: 
	0.39: 
	0.40: 
	0.41: 
	0.42: 
	0.43: 
	0.44: 
	0.45: 
	0.46: 
	0.47: 
	0.48: 
	0.49: 
	0.50: 
	0.51: 
	0.52: 
	0.53: 
	0.54: 
	0.55: 
	0.56: 
	0.57: 
	0.58: 
	0.59: 
	0.60: 
	0.61: 
	0.62: 
	0.63: 
	0.64: 
	0.65: 
	0.66: 
	0.67: 
	0.68: 
	0.69: 
	0.70: 
	0.71: 
	0.72: 
	0.73: 
	0.74: 
	0.75: 
	0.76: 
	0.77: 
	0.78: 
	0.79: 
	0.80: 
	0.81: 
	0.82: 
	0.83: 
	0.84: 
	0.85: 
	0.86: 
	0.87: 
	0.88: 
	0.89: 
	0.90: 
	0.91: 
	0.92: 
	0.93: 
	0.94: 
	0.95: 
	0.96: 
	0.97: 
	0.98: 
	0.99: 
	0.100: 
	0.101: 
	0.102: 
	0.103: 
	0.104: 
	0.105: 
	0.106: 
	0.107: 
	0.108: 
	0.109: 
	0.110: 
	0.111: 
	0.112: 
	0.113: 
	0.114: 
	0.115: 
	0.116: 
	0.117: 
	0.118: 
	0.119: 
	0.120: 
	anm0: 
	btn@0@EndLeft: 
	btn@0@StepLeft: 
	btn@0@PlayPauseLeft: 
	btn@0@PlayPauseRight: 
	btn@0@StepRight: 
	btn@0@EndRight: 
	btn@0@Minus: 
	btn@0@Reset: 
	btn@0@Plus: 
	1.0: 
	1.1: 
	1.2: 
	1.3: 
	1.4: 
	1.5: 
	1.6: 
	1.7: 
	1.8: 
	1.9: 
	1.10: 
	1.11: 
	1.12: 
	1.13: 
	1.14: 
	1.15: 
	1.16: 
	1.17: 
	1.18: 
	1.19: 
	1.20: 
	1.21: 
	1.22: 
	1.23: 
	1.24: 
	anm1: 
	btn@1@EndLeft: 
	btn@1@StepLeft: 
	btn@1@PlayPauseLeft: 
	btn@1@PlayPauseRight: 
	btn@1@StepRight: 
	btn@1@EndRight: 
	btn@1@Minus: 
	btn@1@Reset: 
	btn@1@Plus: 
	2.0: 
	2.1: 
	2.2: 
	2.3: 
	2.4: 
	2.5: 
	2.6: 
	2.7: 
	2.8: 
	2.9: 
	2.10: 
	2.11: 
	2.12: 
	2.13: 
	2.14: 
	2.15: 
	2.16: 
	2.17: 
	2.18: 
	2.19: 
	2.20: 
	2.21: 
	2.22: 
	anm2: 
	btn@2@EndLeft: 
	btn@2@StepLeft: 
	btn@2@PlayPauseLeft: 
	btn@2@PlayPauseRight: 
	btn@2@StepRight: 
	btn@2@EndRight: 
	btn@2@Minus: 
	btn@2@Reset: 
	btn@2@Plus: 
	3.0: 
	3.1: 
	3.2: 
	3.3: 
	3.4: 
	3.5: 
	3.6: 
	3.7: 
	3.8: 
	3.9: 
	3.10: 
	3.11: 
	3.12: 
	3.13: 
	3.14: 
	3.15: 
	3.16: 
	3.17: 
	3.18: 
	3.19: 
	3.20: 
	3.21: 
	3.22: 
	3.23: 
	3.24: 
	3.25: 
	3.26: 
	3.27: 
	3.28: 
	3.29: 
	anm3: 
	btn@3@EndLeft: 
	btn@3@StepLeft: 
	btn@3@PlayPauseLeft: 
	btn@3@PlayPauseRight: 
	btn@3@StepRight: 
	btn@3@EndRight: 
	btn@3@Minus: 
	btn@3@Reset: 
	btn@3@Plus: 
	4.0: 
	4.1: 
	4.2: 
	4.3: 
	4.4: 
	4.5: 
	4.6: 
	4.7: 
	4.8: 
	4.9: 
	4.10: 
	4.11: 
	4.12: 
	4.13: 
	4.14: 
	4.15: 
	4.16: 
	4.17: 
	4.18: 
	4.19: 
	4.20: 
	4.21: 
	4.22: 
	4.23: 
	4.24: 
	4.25: 
	4.26: 
	4.27: 
	4.28: 
	4.29: 
	4.30: 
	4.31: 
	4.32: 
	4.33: 
	4.34: 
	4.35: 
	4.36: 
	4.37: 
	4.38: 
	4.39: 
	4.40: 
	4.41: 
	4.42: 
	4.43: 
	4.44: 
	4.45: 
	4.46: 
	4.47: 
	4.48: 
	4.49: 
	anm4: 
	btn@4@EndLeft: 
	btn@4@StepLeft: 
	btn@4@PlayPauseLeft: 
	btn@4@PlayPauseRight: 
	btn@4@StepRight: 
	btn@4@EndRight: 
	btn@4@Minus: 
	btn@4@Reset: 
	btn@4@Plus: 


