Two-dimensional simulation of J|
viscoplastic Drucker—Prager free surface
flows, application to granular collapse
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) Drucker—Prager model

Uniform flow with plug

Evaluation of the accuracy of the 2-dimensional regularization method (case (a)):
* We consider a test case with a 1-dimensional solution U(t, Z) depending only on the normal variable Z.
* The height of domain & is constant, the domain does not depend on time and the pressure is hydrostatic. f

e 2-dimensional viscoplastic flow with free surface.
e Time dependant domain ().
- @ Incompressible non-Newtonian dynamics:

Comparaison between the 1-dimensional and the 2-dimensional solution:
x We evaluate the error between the 1-dimensional profile U and the longitudinal component of the i
2-dimensional velocity u = (U, 0), by extending the 1-dimensional solution on the 2-dimensional mesh.

x We compute the relative error on the velocity in the L?-norm.
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*-, % where u is the material velocity, f an external force (gravity), p > 0 the mass density, and o the total stress
0 tensor defined by the Drucker-Prager rheology o = o’ — pld, with the viscoplastic constitutive equation: £
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Numerical results:

R e Convergence of order 1 in space and time.

o c=10"% regularization error dominates.

e ¢ = 107Y: regularization error dominated by discretization error.
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e The plasticity K = k(p) stands for the yield limit with a Drucker—Prager criterion:
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_:’*;_‘ e The force f is the gravity force acting on the material. Taking into account the slope 0, it is given by |

w . gsm@ RSO f) in the coordinates (X Z) with g the grawty constant. H R y | g o saturation of
I TR PR > P RSP AT TR i A F " terat t
- I ,. : W' £agf 1 b3 i 3 G (2 (00 i S el o 0.0001 0.0001 Ilterations cost.

= -‘- l"rl‘h- ‘ ﬁlﬂi‘“ ‘1‘ 5-“ ;‘ % m# AT : ST 1e-08 1e 07 1e 06 1e 05 00001 0001 0.01 1e-08 1e 07 1e 06 1e 05 00001 0001 0.01

(& F|gure L Velouty error W|th respect to .
//j Ty (e 7 | P Lol .
'. Granular collapse comparlson Wlth augmented Lagranglan [2]

l
'r
'l
u.

: Domaln geometry and boundary condltlons
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. (a) periodic flow over an inclined bed:

CoIIapse of a trapezoidal mass over a rigid bed (case (b))
| e no-slip condition at the bottom I'},.
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F|gu re 4: Evolution of the free surface for a trapezoidal mass over a rigid bed. Figure 5- CahTliEoh of the static/flowing interface
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