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1. Capillary trapping

Space discontinuity of the capillary forces
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Darcy’s equations

ﬁ% | ¢% —div <770(-, $)(Vp, - pJ)) =0

< 0s —
~0% — div (1. 8)(Vpu = p,77)) =0
Capillary trapping \ pO i pw — ﬂ-('? )

Mathematical Model
A FV scheme

o Physical conditions on the interface
Concluding Remarks

e Conservation of the mass

D N5.1(51,r) ((VP BIT — Pﬂé) Ir =

—1z2(S21) ((Vp)ﬂzr — Pﬂ?) nar
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e The extended pressure condition (1°* form)

Ns1(S10)Paar — Paar)” — Ns2(S2r)(Pa2r — Pair)” =0




e The extended pressure condition (2" form)
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(1) =T ()

Mathematical Model

A FV scheme
Concluding Remarks

m(0) =T1(0)

775,1(81,r)(p5,1,r - pﬁ,z,r)+ — 77ﬁ,2(82,r)(p5,2,r — Pﬁ71,r)+ =0

0

7AT1(81I) = ﬁz(sz,r)
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2. The mathematical model

The continuous problem

Mathematical Model

e A porous medium 2 = Q; [ JQ, C R*

e A two-phase immiscible and incompressible flow only submitted to
capillary effects

e For all i € {1,2} on each domain ();, we have

¢(x7 S) - gbi(s): W(% S) - 77/3,%'(3)7 ﬂ-(xv S) - ﬂ-i(s)'

e The boundary 0f) is impermeable.



e For all i € {1, 2},
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@% — Ap;(s) =0o0n Q; x (0,7T)

Mathematical Model , ?7 /)7 . p
g o, fw,

A FV scheme Wlth SOZ(S> — —(S>7TZ(S)

Noji + Nw,i

. .
e On the interface, ' = 0); ) 0€),, we impose

— the continuity of the flux :
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H
\Y 901(81;)-%)1,2 = -V 902(32,1“)-%)2,1,

— the extended pressure condition :

Full Screen

7AT1(81,F) = 7AT2(£2,F)-




The weak problem

1. Foralli € {1,2}, s = s; 0n €; x (0, T) with s; € L*(2; x (0,7)),
0<s <1, @ilsi) € L*((0,T), H'()),

I

T
/ / s — NV oi(51). Vo dadt+
0] Ql

Mathematical Model

A FV scheme 2 .

T
v Y ded N _
/0 /QQSM Vips(s2). Vb dwdt + Qszmw(-,O)drﬂ 0,

Crest = { € H'(2 % (0,T)) / 9(.,T) = 0}.

3. The function w = V(m,(s;)) on €; x (0,7T) with
r(0).m(1)] = R
Lk / min(a(r(@)), Aol (@)))da
m2(0)

belongs to L*((0,T), H*(2)).




3. A FV scheme

Principle

1

A FV scheme

Eliminationof s __and s __thanksto

K,

__theflux conservation
_the extended pressure condition
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Definition
Foralln € {0,..., M}, (si")ker satisfies for all K € 7;, i € {1,2},
K Sk — Sk Cently o (ontl
() S (s — es) +
LEN(K),LET;
m(o) 0 0
Z d (%’(31{“) - @z(SKJral)) =0
K,o
0€€im12 €K ’
where, for all K|L € &1, K € 7y and L € T5, s}‘(f}ﬂL and s
are solutions to
o1(sk) — or(Sicin)  palstingn) — walst™)
dr x|L dr.x|L 7

A

7Tl( n+1

n+1
SLK|L

SK,K\L) = Ty

).
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Properties of the scheme

e The scheme admits a unique solution.

e Foralln € {0,..., M}, S”M“ satisfies

A FV scheme VK E ,]— O < Sn+1 < 1
VS Sk S

.
e Up to a subsequence, (sp_ )< is such that

SD,, iy S1 in Lq(Ql X (O,T)),
. " sy in L0y x (0,T))

Sp, — S in L4

where 1 < ¢ < ooandforalli € {1,2}, s, € L>(£2;x (0,7)) and
@i(s;) € L*(0,T), H'(S%)). The functions s;, i € {1,2}, satisfy

the weak problem.
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4. Numerical tests

Capillary trapping
Mathematical Model
Testl
A FV scheme

Numerical Tests

o O =]0,1[, Qy =]1,2[, ¢y = gp =1

® 1,(s) = s, nw(5> =1-—s5,m(s) = 5s?, To(s) = 5s? + 1

0.9 if z <0.9
® spi(T) = { 0 otherwise
| FulSoeen

o & =110 &r =102

G
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Capillary trapping
Mathematical Model

u(.,0.0067)

A FV scheme 1

Numerical Tests pi(.,u(.,0.0067))

Concluding Remarks

12720 : - 1
phi(.,u(., 0.0067))
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u(.,0.0500)

A FV scheme

. 1
Numerical Tests pi(.,u(.,0.0500))
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5 - 1
13 1720 phi(.,u(., 0.0500))
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Capillary trapping
Mathematical Model

Fluxl’z(t)

A FV scheme

Numerical Tests

Concluding Remarks

0.02 0.03

Saturations on the interface
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Capillary trapping TESt2
Mathematical Model

.Ql :]0,1[, Qz :]1,2[, ¢1:¢2:1

Numerical Tests

o 7,(5) =5, nu(s) =1 —s, m(s) = 5s?, m(s) =55+ 1

o5 (o) J 00 ifo>10
Smi\t) =Y 0 otherwise

o & =110 dr =107

| FulScreen
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u(.,0.0067)

Capillary trapping

Mathematical Model
A FV scheme

Numerical Tests pi(.,u(.,0.0067))

Concluding Remarks

5 - 1
16 17120 phi(.,u(., 0.0067))
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Capillary trapping
Mathematical Model

u(.,0.0500)

A FV scheme

. 1
Numerical Tests pi(.,u(.,0.0500))

Concluding Remarks

5 - 1
17 720 phi(.,u(., 0.0500))
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Fluxl’z(t)

A FV scheme

Numerical Tests
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Saturations on the interface
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Capillary trapping

5. Concluding Remarks

e A better understanding of the capillary trapping
Concluding Remarks e Conditions to improve the accuracy of the numerical schemes

e These results can be extended to a model taking the gravity and
a total throughput into account.
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e |t remains to prove the uniqueness of a solution satisfying the weak
problem...
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