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Oil production

Oil production
@ oil — one of the major energy supply of today’s world
@ need for efficient production
@ high prices — question of rentability

SAGD Process

Production
1

Oil reservoir & steam-assisted gravity drainage /... o
&Z’an/-
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Numerical simulation difficulties
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@ highly nonlinear (degenerate) system of partial differential
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Numerical simulation difficulties
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Numerical simulation difficulties

Numerical simulation difficulties
@ highly nonlinear (degenerate) system of partial differential
equations
@ involves phase transitions

@ different time and space scales (orders of magnitude
difference)

@ highly contrasted, discontinuous coefficients
@ complicated 3D geometries
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Numerical simulation difficulties

Numerical simulation difficulties
@ highly nonlinear (degenerate) system of partial differential
equations
@ involves phase transitions

@ different time and space scales (orders of magnitude
difference)

@ highly contrasted, discontinuous coefficients
@ complicated 3D geometries

@ unstructured and nonmatching grids

@ presence of evolving sharp fronts
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Convergence and a priori estimates
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@ Michel (2003)
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The model
0tSa + V-Uy = Gu(Sa), a € {n,w},
U, = _Kna(sa)Vpon o€ {n, W}7
Sh+ Sy = 17
Pn — Pw = 7(Sn)

two immiscible, incompressible fluids
, Pw: unknown nonwetting and wetting
, Sw: unknown nonwetting and wetting
: the function
: : the functions
K permeability tensor, gu(+), gw(-) sources .

w‘"m’-ﬂ"-ﬂ‘lun
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Two-phase flow

The model
0tSa + V-Uy = Gu(Sa), a € {n,w},
U, = _Kna(sa)vpou a € {n,w},
Sn + Sw = 1,
Pn — Pw = 7(Sn)

@ two immiscible, incompressible fluids
@ Py, Pw: Unknown nonwetting and wetting phase pressures
@ s,, Sy unknown nonwetting and wetting phase saturations

v

: Informatiques g mathématiques
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Two-phase flow

The model

0tSa + VU, = gu(Sa), a € {n,w},
U, = —Kna(84)VPa, a € {n,w},
Sn+Syw=1,
Pn — Pw = 7(Sn)

two immiscible, incompressible fluids

Pa, Py’ Unknown nonwetting and wetting phase pressures
Sn, Swi unknown nonwetting and wetting phase saturations
7(+): the nonlinear capillary pressure function

ma(+)s nw(+): the nonlinear phase mobilities functions

K permeability tensor, gu(-), gw(-) sources .

: Informatiques g mathématiques
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Notation and transformations

Notation and transformations
@ s:=§,
(*}

()= g 1’75521 —g MO =ml1-9)(s)

@ Kirchhoff transform s
o(s) = / Ma)~'(a)da
@ global pressure ﬂ(s)o
P:= P(s,p, ::pn—/
( ) 0 7711(

@ M(s) :=nw(1 —8) + m(s)
@ qi(s) == au(s) +agw(1 —8)

nw(1—7"(a))

@) T (@) 2
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Notation and transformations

Notation and transformations
@ s:=§,
(*}

()= g 1’75521 —g MO =ml1-9)(s)

@ Kirchhoff transform s
o(s) = / Ma)~'(a)da
0

nw(1—7"(a))
7 1(a) +m(1 —7(a))

@ global pressure ()
P:=P(s,p,) = n—/
(S.Pn) =P o

® M(s) :=nw(1—5)+m(s)

@ qi(s) :== gu(s) + qw(1 — )

o f, A\ o, P, M, g, only needed for the theoretical analysis,
not in the scheme

da
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Notation and transformations

Notation and transformations

@ s:=5,
° (s)
(S
f(s) = . A(S) i =nw(1 —98)f(s
(8) = i &= m( =9
@ Kirchhoff transform

S
o(s) = / Ma)~'(a)da
global pressure 0

P = P( ) /ﬂ(S)
= 57 h) = Ph—
P P 0 7711(

M(s) := nw(1 — ) + m(s)

qi(s) == au(s) + gw(1 — s)

f, A, o, P, M, g, only needed for the theoretical analysis,

not in the scheme

s0: initial condition

s, P: Dirichlet boundary conditions V27,77 s

nw(1—7"(a))

@) T (@) 2
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Weak formulation

Functional space for the weak solution
£ :={(s,P)| s € C([0, TI: (), drs € L((0, T); H (),
() — ¢(8) € L2((0, T); Hy(R)), P—P € L3((0,T); H3 ()}

hhhhhhhhhh
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Weak formulation

Functional space for the weak solution
£ :={(s,P)| s € C([0, TI: (), drs € L((0, T); H (),
() — ¢(8) € L2((0, T); Hy(R)), P—P € L3((0,T); H3 ()}

Definition (Weak solution)

A weak solution is a pair (s, P) ¢ £ such that s(-,0) = s° and
for all ¢ € L2((0, T); H (),

)
/0 (D1 (-, 0); (- 0)) -1y 46 + / | KOn(s)VP + Vi(5)) Vo axds

— [ an(s)u axas,
Qr

/ KM(s)VP-dexdé?:/ q:(8)y dxdo.
Qr Qr e
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Outline
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© A posteriori analysis
@ A posteriori error estimate
@ Distinguishing different error components
@ Efficiency
@ Extensions to nonconforming discretizations

v
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A posteriori error estimate

Functional space for the approximate solution
& ={(s,P) | s € V., pw affine-in-time subspace of C([0, T]; L?(R2)),
(8) — ¢(8) € L2((0, T): H3 (), P—P € L3((0, T); Hy(R))}

hhhhhhhhhh
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A posteriori error estimate

Functional space for the approximate solution
& ={(s,P) | s € V., pw affine-in-time subspace of C([0, T]; L?(R2)),
(8) — ¢(8) € L2((0, T): H3 (), P—P € L3((0, T); Hy(R))}

Theorem (A posteriori error estimate)
Let (s, P) be the weak solution.

hhhhhhhhhh
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A posteriori error estimate

Functional space for the approximate solution
& ={(s,P) | s € V., pw affine-in-time subspace of C([0, T]; L?(R2)),
(8) — ¢(8) € L2((0, T): H3 (), P—P € L3((0, T); Hy(R))}

Theorem (A posteriori error estimate)
Let (s, P) be the weak solution. Let (s, . Py, ) € £, be arbitrary.

hhhhhhhhhh

/‘)/‘
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A posteriori error estimate

Estimate Error components Efficiency Extensions

Functional space for the approximate solution
& ={(s,P) | s € V., pw affine-in-time subspace of C([0, T]; L?(R2)),
(8) — ¢(8) € L2((0, T): H3 (), P—P € L3((0, T); Hy(R))}

Theorem (A posteriori error estimate)

Let (s, P) be the weak solution. Let (s, . Py, ) € £, be arbitrary.

Let there exist equilibrated fluxes reconstructions u,, , for each
phase o € n,w.

..........
/P-
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A posteriori error estimate

Estimate Error components Efficiency Extensions

Functional space for the approximate solution
& ={(s,P) | s € V., pw affine-in-time subspace of C([0, T]; L?(R2)),
(8) — ¢(8) € L2((0, T): H3 (), P—P € L3((0, T); Hy(R))}

Theorem (A posteriori error estimate)

Let (s, P) be the weak solution. Let (s, . Py, ) € £, be arbitrary.
Let there exist equilibrated fluxes reconstructions u,, , for each
phase a € n,w. Then there exists C > 0 such that

”Sh‘r_3H%2(077';H—1(Q))+||PhT_P||§2(o,T;H3(Q))+||90(3hr)_90(3)”i2(or)
SCHShT(WO)_SOHilwa) +C

1 1.2

2 2
> 5 [ ({07 S} o
n=1a&{n,t} In DeDj DeDj

M. Vohralik

hhhhhhhhhh
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Equilibrated fluxes reconstructions

Definition (Equilibrated fluxes reconstructions)
Piecewise constant-in-time vector fields u, 5, and u; p-,
ug p = Un el U'h = Ugpely, € H(div, Q) Vne {1,...,N},

n,

qu - Slrvli1 n nean int,n
S +Vuyp | dx = s gn(sp)dx  Vn, VD e D",

/ vVl dx = / q'(sfydx  V¥n, VD e D"
D D

V.

P

: Informatiques 4 nothématiques
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Equilibrated fluxes reconstructions

Definition (Equilibrated fluxes reconstructions)
Piecewise constant-in-time vector fields u, 5, and u; p-,
ug p = Up prl1, Ul = Ugpel, € H(div, Q) vne {1,...,N},

n,h

qufsn1 int,n
int,
/D TJrVun,, dx—/qn sp)d vn,VD € D, ",

/ vVl dx = / q'(sfydx  V¥n, VD e D"
D D

V.

Comments
® uy,: nonwetting phase flux reconstruction
° u”h' total flux reconstruction
@ mimic the basic conservation properties of the model
@ Uy pr i= Ugpr — Uy o welling phase flux reconstruction,

sp— s -
/ hih + V- UW h | dX = / qw 1_Sh) vn, v gpf;mn.z
D " grua/-
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Distinguishing different error components

Theorem (Distinguishing different error components)

Consider

@ time step n

@ linearization step k

@ jterative a/gebraic solver step i
& approximations (sl , P} ).

ahT’

v

: Informatiques g mathématiques
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Distinguishing different error components

Theorem (Distinguishing different error components)

Consider

@ time step n
@ linearization step k
@ jterative a/gebraic solver step i
& approximations ( Pk ). Split the flux reconstructions as

ahT’

nk/_ n,k n,k n.k,i
=d_ Jh +a0h,a6{n,w}.

u/‘l +I

v

: Informatiques g mathématiques
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Distinguishing different error components

Theorem (Distinguishing different error components)
Consider

@ time step n
@ linearization step k
@ jterative a/gebraic solver step i
& approximations ( Pk ). Split the flux reconstructions as

ahT’

n,k n,k,i

nk/_ n,k
=d +| gy +aah,a€{n,w}.

n h
Then

K, K, K, K,
(IRA(SHE, PRI + IR7 (SR, PRI II2)2

<nnk1+ngnk/+n£nk/+n;;/

v

Informatiques g mathématiques
A —
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Estimators

@ spatial estimators

M =N905 = K(n(sp ) VPR 4+ Va(sp ) (1) -

b.12(D)’
k K Ko Ko
oo =N = KMSEEVPEE ()4 o
@ temporal estimators
k K, ki K,
Tomaro () =K (SR VAR + TSN Ot oy
k k 7k7‘
Tonico(t) =IKM(sp )RR O]y
@ linearization estimators
nk,j . n K,i
7711nnD H n,h ‘ -3 L2(D
nk,i n k,i
nhn[D || H -3 L2(D
@ algebraic estimators
nk,i . n,k,i
nalgnD H n,h H -3 L2(D
nki . nk/ z
Tgen = 1205 Il 3 o) (i
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Efficiency

Estimate Error components Efficiency Extensions

Theorem (Efficiency)

Consider the time step n, the linearization step k, and the
algebraic solver step i. Let the algebraic, linearization, and
temporal estimators do not dominate the overall error estimate.
Then there exists C > 0 such that

n,k,i n,k,i n,k,i n,k,i

7731; T +T/lm +nalg
< C(|[|RA(SpE, PR |2 4 ||| RP(E, PIE)||2)2.

v

Informatiques g mathématiques
A —
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Efficiency

Estimate Error components Efficiency Extensions

Theorem (Efficiency)

Consider the time step n, the linearization step k, and the
algebraic solver step i. Let the algebraic, linearization, and

temporal estimators do not dominate the overall error estimate.
Then there exists C > 0 such that

n,k,i n,k,i n,k,i n,k,i

7731; T +771m +nalg
< C(|[|RA(SpE, PR |2 4 ||| RP(E, PIE)||2)2.

Comments

@ algebraic, linearization, and temporal estimators need to
be small enough

@ local efficiency for the dual norm of the residual

7
Informotiques g mathématiques
A
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Extensions to nonconforming discretizations

Nonconforming discretizations
° @(Shf)a PhT ¢ LZ((07 T)v H1 (Q))
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Extensions to nonconforming discretizations

Nonconforming discretizations
o (p(shf)a PhT g LZ((O7 T)v H1 (Q))
Extended dual norm of the residual
o

1
2

)
{veﬁf«oi?g-w ey o TS0 (s )V (P, P)szt}

(*]
1
2

i
inf KV (o(sh,) — q)|*dt
{qaz((oﬂm)) JRLSEESER }
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Extensions to nonconforming discretizations

Nonconforming discretizations
° (p(shf)a Ph: & LZ((O7 T), H' (Q))
Extended dual norm of the residual
o

1
2

.
inf IK(nw(Shr) + n(She))V (Prr — p)||?dt
pel?((0,T);H'(Q)) Jo

(*]
1
2

i
inf KV (o(sh) — q)|/2dt
{qaz((ojm)) JRLSEESER }

Additional nonconformity estimators

@ global pressure nonconformity
@ Kirchhoff transform nonconformity h '''''''''' e
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Outline

e Applications and numerical experiments
@ Fully implicit cell-centered finite volumes
@ Iteratively coupled implicit pressure—explicit saturation
vertex-centered finite volumes

v

: Informatiques g mathématiques
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Quarter five spot test problem

Horizontal flow

on(os.) - v (*<Lkwp, ) —o
o+ Sw=1,
P — Pw = T(Sw)

v d

: Informatiques g mathématiques
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Quarter five spot test problem

Horizontal flow

kra W
onos.) - v- (%o kwp, ) o
So+Sw=1,
Pn — Pw = m(Sw)

Brooks—Corey model
@ relative permeabilities

kw(Sw) =8, Ken(Sw) = (1 — 8e)2(1 — 82)

@ capillary pressure
.

7(Sw) = paSe 2

SW - srw

Se = > TIW
© 1 - 8w —Sm

Informatiques g mathématiques
A —
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Data from Klieber & Riviere (2006)

Data
Q = (0,300)m x (0,300)m, T = 4-105s,
$p=02 K=10""Im?
pw =510"*kgm~'s™! 4, =2.103%kgm~ s,
Sw=5n=0, ps=2510°kgm~'s72

L P
Sl —
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Data from Klieber & Riviere (2006)

Data
Q = (0,300)m x (0,300)m, T = 4-105s,
$p=02 K=10""Im?
pw =510"*%kgm~'s™!, 4, =2103kgm~ s,
Sw=5n=0, ps=2510°kgm~'s72
Initial condition (I~< 18m x 18m lower left corner block)
X =020nKeTh K¢K,
2 =0950nKeTh KeK

-
/ nnnnnnnnnnnnn S mathématiques
ESfLUR—
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Data from Klieber & Riviere (2006)

Data
Q = (0,300)m x (0,300)m, T = 4-105s,
$p=02 K=10""Im?
pw =510"*%kgm~'s™!, 4, =2103kgm~ s,
Sw=5n=0, ps=2510°kgm~'s72
Initial condition (I~< 18m x 18m lower left corner block)
X =020nKeTh K¢K,
2 =0950nKeTh KeK

Boundary conditions (R 18m x 18m upper right corner block)

@ no flow Neumann boundary conditions everywhere except
of 0K N 0Q and 90K N 0Q
@ K —injection well: s, = 0.95, p,, = 3.45-106kgm~"s~2
o K — production well: s, = 0.2, p, = 2.41-105kg m~ €727,z
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Cell-centered finite volume scheme

Cell-centered finite volume scheme
Forall1 < n< N, look for s] ;. p] , such that

s" K= san1
W, W, =
‘1’77,7 K|+ Z Fy.o (Sg.p Pp) = 0,
JKLGS;?t
M — st )
—¢ = n = K|+ Z anaKL(s\rJ/,mp\?wh) =0,
O'KLEg;?l

pd
Injormotiques g mathématiques
A —
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Cell-centered finite volume scheme

Cell-centered finite volume scheme
Forall1 < n < N, look for s ,.p , such that

" — s/
w, W, =
d’f”ﬂ + Z Fy.o (Sg.p Pp) = 0,
O.KLegint
n
K= Sox _
— %, 2 K|+ Z 0,0k W,h?p\?v,h) =0,
O.KLegml

where the fluxes are given by
Mrw(Sy k) + ew(S5 1) o Pat — Py k

Fu.o (Sup Pap) == — 5 K| Xk = X0| okl
_ Men(Sy k) + Ten(Sy, )
Foow (Su.ns Py.p) = — = 5 == |K|
XpWL+7r(WL) (pr+7r(wK))’ l
‘XK — XL‘ %74a/~
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Linearization and algebraic solution

Linearization step « and algebraic step /
Couple s}, " such that

nk,i

s .
w,K wK k—1 nk/ =nk,iy n,kK,i
o ’K’ + Z FWG'KL wh ’pwh ) _RW,K7
O'KLEglm
Snk/ s 1
w,K wK K— 1 nk,i —nk,iy n,k,i
_¢ |K‘ + Z Fn O'KL wh ' Mw h ) _RII,K ’
O.KLEglﬂl

: Informutique;  mothématiques
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Linearization and algebraic solution

Linearization step « and algebraic step /
Couple s}, " such that

Snk/
w,K wK k—1 nk/ =nk,iy n,k,i
p—"——— ‘K’—i_ E : FWO'KL 7p h) _R\LK’
O'KLEgml
nk,i s 1

s . . .
w,K w K k 1 n Koo =nkiiy n,kK,i
_¢ |K|+ Z FnaKL w,h ' Fw h ) _R[LK ’
O.KLE(S‘H][
where the linearized fluxes are given by

k—1 nk/ =nK,iy .__ nk—1 —n,k—1
Fa O'KL( w,h 7pwh ) Fa UKL(S w,h )
3Fa,oKL nk—1 =nk—1\ ;.nki  .nk—1
Z 0Sw M (Sw,h > Mw,h ).(SW,M _SW,M
Me{K,L}

8Fa okL [ JNk—1 =nk—1 n,K,i =n,k—1
Z — (Swyh ’ w7h )( WM pr
Me{K,L} OPwi.m brzza =
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Fluxes reconstructions and pressure postprocessing

Fluxes reconstructions
n,k,i L nk,i =nk,i
(duh nK71)O'KL '_FaUKL(Swh ' Mw.h )

Kk, Kk,i k—1 k k
((dn / I(rz hl)'nKv 1)0KL =Fq O'KL( gvhlapgzhl)

n k,i . n, k NES% n, k NES% nk,i nk,i
a,n d I (dah +Io¢,h)

v

: Informatiques g mathématiques
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Fluxes reconstructions and pressure postprocessing

Fluxes reconstructions

k k k
(d: hl nK71)0'KL =Fq O'KL( \Zh”pgrhl)
k,i k—1 k k
((dn IZhI)'nK>1)0KL '_FaaKL( nhlvpgzhl)
nk/_ nk/+ nk/+ n,k nk,i
a , =d; . I Y (d I h)

Phase pressures postprocessmg

@ Piecewise constant p” ki postprocessed to piecewise
quadratic )’ ki,
—ew(Sui KV (0] 1) = A0 |

n,k,i =n.k,i

p\\:hT (XK) pw K>

—ea(Su KV (0] 1) = A Ik

n,k,i

pn‘.h, (XK) — W(snk/

_nki -
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Global pressure and Kirchhoff transform

Global pressure and Kirchhoff transform postprocessing

@ Piecewise quadratic global pressure and Kirchhoff
transform used in the estimators:

—(ma(S) + (ST DKV (2 i) = (A + dle e
o 0e) = PRC UK.
KV (a7 1) = (TR (0 “1) + diip k.

ki ki
an(xk) = w(sy k)
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Water saturation/estimators evolution

atiques,
27
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Estimators and stopping criteria

10
10° |, -
10° 4
2
2
&
107 -
—=—total
—A—spatial
10°H temporal |
—4— linearization
_,| [*—algebraic . . | |
0 0 200 400 600 800 1000 1200 1400 1600
GMRes iteration
Estimators in function of
GMRes iterations
M. Vohralik

10
10° Bl
10°
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2 10" s total
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a poral
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10
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Newton iteration
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Newton iterations

v
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GMRes relative residual/Newton iterations

Fully implicit CCFV  lteratively coupled IMPES VCFV

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
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- @ - adaptive

=
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)

=

o ® ©
T--% T
I I

Number of Newton iterations
>
Py

n

Time

Newton iterations

v
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GMRes iterations

Fully implicit CCFV

Iteratively coupled IMPES VCFV

Number of GMRes iterations

—=— classical
- @ -adaptive

05 1 15 2 25
Time/Newton step o

Per time and Newton step

M. Vohralik

Cumulated number of GMRes iterations

x10°

[
@

w

N
@

~

Il
@

-

o
@

T
—=— classical
daptive |

o0

Mot?oooo?o.oo?ooooo‘ooaca‘
0 05 1 15 2 25 3 35 .
Time 10’

Cumulated

v
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Outline

0 Applications and numerical experiments

@ Iteratively coupled implicit pressure—explicit saturation
vertex-centered finite volumes

v d
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Vertex-centered finite volumes

Implicit pressure equation on step k

((nrw( nk 1)+77rn(3nk 1))KvahnD
F1en(ST ”k  DKVA(sy ) N0, 1) ypipe =0 VD € DT

v

: Informatiques g mothématiques
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Vertex-centered finite volumes

Implicit pressure equation on step k

((nrw( nk 1)+nrn(snk 1))Kvp“hno
F1en(ST ”k  DKVA(sy ) N0, 1) ypipe =0 VD € DT

Explicit saturation equation on step k
n

K k—1 1 int,
Swp = #1D] (ew(syy )Kprh N, 1) spon +Sup YD EDy !

zva—
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Linearization and algebraic solution

Iterative coupling step < and algebraic step /

((nrw( nk 1)+77rn( nk 1))Kvp\f\7/;71n
+nen(S) ”" K KVE(s ”f, N0, 1) ypaq = —AlL YD DR

v

: Informatiques g mothématiques
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Linearization and algebraic solution

Iterative coupling step < and algebraic step /

((nrw( nk 1)+77rn( nk 1))Kvp\f\7/;11n
+nen(S) ”" K KVE(s ”f, N0, 1) ypaq = —AlL YD DR

n
ki k—1 K, 1
Swp = (7 ( \rx]/h )KVpn "np, 1)30\39 + S\rx]/,D

D]

v

: Informatiques g mathématiques
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Fluxes reconstructions

Total fluxes

(A7 00, 1) = = (S0 + mea(SET) KV L
+mea(S T YKVA(SER)- "071)07
(@7 +17)np, 1), = — ((nrw(s )+ ))KVR(E o

+ea(sy ) KVAR(ST) ) np, 1)

a:}]k.i::dnkuru Inkz+u (dnk/ Ink/)

O-’

v

: Informatiques g mothématiques
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Fluxes reconstructions

Total fluxes

(0D, Vo = = (e (SIH) + mea(sy ) KVRL S np
+nea(Sh i KVA(S) ) np, 1),
((dnk/ I:.hkii)'nDJ)U — ((Urw( nk 1)+77rn(3nk 1 )KVpnk’
+ Nen(ST )Kv (sPh np, 1),
tnhkl — dnkz+u |nkz+u (dnk/ Ink/)
Wetting fluxes
(A5 00, 1)0 = — (mu(s) R )KVPE D, 1),
(@2 + 175 np, )6 o= = (new(Shy KVRZE np, 1),
alyl =0
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Fully implicit CCFV.

Estimators and stopping criteria

Iteratively coupled IMPES VCFV
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GMRes relative residual/iterative coupling iterations
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GMRes iterations
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Q Mathematical model
@ Global pressure and Kirchhoff transformation
@ Weak solution

Q A posteriori analysis
@ A posteriori error estimate
@ Distinguishing different error components
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o Applications and numerical experiments
@ Fully implicit cell-centered finite volumes
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Conclusions

Complete adaptivity
@ only a necessary number of algebraic solver iterations
on each linearization step
@ only a necessary number of linearization iterations
@ space-time mesh adaptivity

@ “smart online decisions”: algebraic step / linearization
step / time step refinement / space mesh refinement

@ important computational savings
@ error upper bound via a posteriori error estimates

v d
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Conclusions

Complete adaptivity
@ only a necessary number of algebraic solver iterations
on each linearization step
@ only a necessary number of linearization iterations
@ space-time mesh adaptivity

@ “smart online decisions”: algebraic step / linearization
step / time step refinement / space mesh refinement

@ important computational savings
@ error upper bound via a posteriori error estimates

Future directions

@ other complex problems
@ convergence and optimality

v

: Informatiques, 7 mathématiques

M. Vohralik Estimations a posteriori et adaptivité pour le diphasique



| Math. model A posteriori analysis Appl. & num. exp. C

Bibliography

Bibliography

@ CANCES C., Popr I. S., VOHRALIK M., An a posteriori error
estimate for vertex-centered finite volume discretizations of
immiscible incompressible two-phase flow, accepted for
Math. Comp.

@ VOHRALIK M., WHEELER M. F., A posteriori error
estimates, stopping criteria, and adaptivity for two-phase
flows, submitted to Comput. Geosci.

Merci de votre attention !

M. Vohralik Estimations a posteriori et adaptivité pour le diphasique



	Introduction
	Mathematical model
	Global pressure and Kirchhoff transformation
	Weak solution

	A posteriori analysis
	A posteriori error estimate
	Distinguishing different error components
	Efficiency
	Extensions to nonconforming discretizations

	Applications and numerical experiments
	Fully implicit cell-centered finite volumes
	Iteratively coupled implicit pressure–explicit saturation vertex-centered finite volumes

	Conclusions and future directions

