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Two-phase flow in porous media

Two-phase flow in porous media

0t($Sa) + V-Uy = Qa, a € {n,w},
—Xa(Sw)K(VPa + pagVZ) = u,, a € {n,w},
Sh+ Sy =1,

Pn — Pw = pC(SW)
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Two-phase flow in porous media

0t($Sa) + V-Uy = Qa, a € {n,w},
—Xa(Sw)K(VPa + pagVZ) = u,, a € {n,w},
Sh+ Sy =1,

Pn — Pw = pC(SW)
Mathematical issues

@ coupled system

@ unsteady, nonlinear

@ elliptic—parabolic degenerate type
@ dominant advection
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Two-phase flow in porous media

Theorem (A posteriori error estimate distinguishing the error

components)

Let
@ 1 be the time step,

@ k be the linearization step,
@ | be the algebraic solver step,
with the approximations (s 377 o ’,‘7 "). Then
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Two-phase flow in porous media

Theorem (A posteriori error estimate distinguishing the error

components)

Let
@ 1 be the time step,

@ k be the linearization step,
@ | be the algebraic solver step,
with the approximations (s 377 o ’,‘7 "). Then
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Error components
nK,i.

® 7 . spatial discretization

° n{;n’“ temporal discretization

@ n': linearization B

° n”lk’ algebraic solver VLX) 7
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Estimate  Numerical results

Estimators and stopping criteria
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Estimators and stopping criteria
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Comments

@ finite volumes, fully implicit time discretization

@ we can stop much earlier and economize many linear /
nonlinear solver iterations 6,225'2
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GMRes relative residual/Newton iterations

Estimate  Numerical results

GMRes relative residual

,,,.pl'“v '."""' W i
{ «"q&,. p SR

Martdn ]

Wil

8°4%4y
s |9 "’ |
10 -
12 |
14 ! ! ! ! ! ! !

0 0.5 1 15 2 25 3 35 4

Time/Newton step x 10

GMRes relative residual

Martin Vohralik

.

—=—classical
- @ - adaptive

=
IS

-
)

=

o ® ©
T--% T
I I

Number of Newton iterations
-
Py

n

Time

Newton iterations

v

: Informatiques g mathématiques

Controle d’erreur a posteriori et criteres d’arrét



Stopping criteria for two-phase flow Model steady case

GMRes iterations

Estimate  Numerical results

Number of GMRes iterations
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Cumulated number of GMRes iterations
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Nonlinear Laplacian with singular solution

Model problem

@ p-Laplacian

V-(|VuP2vVu)=f inQ,
u=uy onoQ

@ known weak solution (used to impose the Dirichlet BC)
u(r,6) = ré sin(6Z)

@ p = 4, L-shape domain, singularity in the origin
@ nonconforming finite elements
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Error distribution on an adaptively refined mesh

HGY
QA\

YOO, Yy
Q‘&N

() \vf’ -

(L |
\ 4\

‘*}“ 20
N »‘

Estimated error distribution

Martin Vohralik Controle d’erreur a posteriori et criteres d’arrét



Stopping criteria for two-phase flow Model steady case

Error distribution on an adaptively refined mesh
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Comments

@ the estimated and exact error distribution match nicely,
even when the iterative solvers are not fully converge
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Energy error and overall performance

Energy error
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Energy error and overall performance
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Comments

@ for the same number of unknowns, we obtain much
better precision with adaptive mesh refinement (left)

@ for the same number of unknowns, the calculation on
adaptively refined meshes with adaptive stopping _
criteria is cheaper in total algebraic iterations (right)/, ;=25
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