Adaptive numerical homogenization:
Linearization procedure for multi-scale problems

M. Bastidas*, C. Bringedal®, I1.S. Pop* and F.A. Radu™
*Hasselt University, “University of Stuttgart, ~University of Bergen

Introduction Linearization (Upscaled model)

e Non-linear parabolic problems: partially saturated flow,

. | e Take £ > max {9,b*} and p) := p(t,_1) given.
non-steady filtration and reaction-diffusion systems.

pER
While ||p! — p= || < 6§ solve:

€ (ph—py ) +0" (P, ) +AEV-w, = Atf*+b"(pys)
u, — K*Vp! =0

e [ixed point iteration scheme.

e Main idea: To develop an efficient numerical strategy for
simulating processes in porous media nvolving oscillatory
characteristics.

Problem definition and upscaling

00" (x,p°) + V-u® = [, in (2 e Unconditional convergence.
- u” = —K°(x) Vp*, in O e Convergence rate: o = si(}?zt for some C'>0 and 0 <m < £.

Numerical Results

Highly heterogeneous, non- perlodlc medlum (SPElOth prOJect)
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e Upscaled model: effective parameters homogeneous within
sub-domains. 8>

8tb*(X7p0) + V°110 f*v in QT - 0=02 0'050 ..:. 0.2 0.4 0.6 0.8 1
u, = —K*(x) Vpg, in Qr

N,
‘-- Micro-scale problems:
H —V, (K (V,w’ +e5)) =0

|_ b4 wl is Y-periodic Refined permeability (L); Magnitude of the velocity field (R)
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K,’L‘J(X) = /Y (K(x,y) (ej + Vyw'(x,y))) - e dy
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Adaptive strategy of trai o tea

Convergence L-scheme (L); Improved convergence L-scheme & Newton (R)

Residual (Logl0)

b* (x, p) rz/yb(x,y,p) dy and f*(x,t) :Lf(x,y,t) dy.

Error control by the flux averaging

" H " " HL (7) Conclusions and future work
" | Backward Euler and lowest order Raviart-Thomas MFEM.
The elements to be refined are 7 € Ty: | - |
Improved accuracy without compromising the efficiency.
nr > © (max n ,C)

Ke¥hy

Update macro-scale parameters only when 1t is necessary.

Unconditional convergence of the linear solver.
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| e Complex micro-scale models.
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, e Reactive transport.
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e Moving interfaces.
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