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NUMERICAL MODELLING IN GEODYNAMICS

v

FEM/FDM/FVM/FLAC
Adaptive Mesh Refinement (AMR) vs. regular grids

v

v

sequential vs. parallel

direct solvers vs. iterative solvers

v

ASPECT:
dvanced Solver for Problems in Earth's ConvecTion

(FEM + AMR + Iterative Solver + Parallel)
solves mass, momentum, energy conservation equations

CIG http:/ /www.geodynamics.org/

High accuracy mantle convection simulation through modern numerical methods, Kronbichler et al., GJI, 2012



ASPECT MANUAL

http:/ /www.dealii.org/aspect/

» 130 pages

» 10 relevant cookbooks
& benchmarks

e Dannbers, René Geimallr, Thormas Geenen, Eric Helen, Mar
Miulyukowa

N



ASPECT MANUAL

http:/ /www.dealii.org/aspect/

ASPECT

Advanced Solver for Problems in Earth's ConvecTion

» 130 pages

» 10 relevant cookbooks
& benchmarks

no benchmark about

large deformation of multiple
material domains.




DISCLAIMER

/\ Tam not an ASPECT developer
/\ ASPECT (r1889) as provided to the user

Thanks to:

R. Gassmoeller,
J. Dannberg,

S. Rockel,

E. Mulyukova,
ASPECT team.



MATERIAL ADVECTION
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MATERIAL ADVECTION
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ADVECTION OF COMPOSITIONAL FIELDS

Aspect solves one advection equation per composition c;:

8;; +v-Ve—V - (y(c)Ve) =0

Stabilisation: entropy viscosity method (Guermond et al., 2011)
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Questions
» can we accurately track (many) materials ?

» how does it compare to other methods ?
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RAYLEIGH-TAYLOR EXPERIMENT
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» large viscosity contrast (7 oom ok)

» AMR vs. regular grid yield identical results
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RAYLEIGH-TAYLOR EXPERIMENT
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RAYLEIGH—TAYLOR EXPERIMENT
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RAYLEIGH—TAYLOR EXPERIMENT
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(ASPECT) (van Keken, 1997)



RAYLEIGH-TAYLOR EXPERIMENT
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RAYLEIGH-TAYLOR EXPERIMENT
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RAYLEIGH-TAYLOR EXPERIMENT
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RAYLEIGH-TAYLOR EXPERIMENT
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RAYLEIGH-TAYLOR EXPERIMENT
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RAYLEIGH-TAYLOR EXPERIMENT
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RAYLEIGH-TAYLOR EXPERIMENT

These observations are robust with regards to:

»

>
>

v

Courant number € [0.1 — 3]

Stokes solver tolerance x10%2
Composition(s) solver tolerance x10*2
Seq vs. parallel

Diff. supercomputers with diff. compilers
Diff. (recent) aspect versions

Stabilisation parameters +50%



RAYLEIGH-TAYLOR EXPERIMENT

These observations are robust with regards to:

» Courant number € [0.1 — 3]

» Stokes solver tolerance x10%2

v

Composition(s) solver tolerance x10*2
» Seq vs. parallel

v

Diff. supercomputers with diff. compilers

v

Diff. (recent) aspect versions
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RAYLEIGH-TAYLOR EXPERIMENT

no stabilisation

default stabilisation

high stabilisation
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AVERAGINGS ... AGAIN ?

» Atlocation r each composition i takes value c;(r)
» We need to relate viscosity and density to c;’s

» arithmetic averaging of densities
p=Cc1p1+ C2p2
» geometric averaging of viscosities
log,, 1 = c1log,y 1 + calog,, 2

» Only two compositions available in material model
provided to user
= User defined extension:

p = function(r,c;,T)
w = function(r,c;, T,p,€)



SUBDUCTION BENCHMARK
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SUBDUCTION BENCHMARK

At time = 40Myrs:

FDCON 12ELVIS CITCOM

ASPECT:




SUBDUCTION BENCHMARK
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SLAB DETACHMENT
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SLAB DETACHMENT
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CONCLUSIONS

» iterative solver can handle high viscosity contrasts
— use of sticky air possible

» ASPECT passed all benchmarks but
» puzzling R-T results
» complex interplay between mass balance, stab. parameters,
under/overshoot, comput. time, sharpness of interfaces
» averaging issue remains
» tuning of stabilisation parameters is subtle,
yet needed for every model setup
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» extension to visco-plasticity, application to subduction:
— poster A. Glerum: T31C-2534




