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D The variable Péclet scheme

The Dead-0il model

The coupled system

< ¢%—|—div (T(gb) No($) (,005> — ?(p ‘|‘pc(5))>> =0on Q2 x (0,T)
\ —gb%%—div(T(gb) Nw(8)(Pw g — ?p)) =0on Q2 x(0,7T)

Boundary conditions

T(9) nu(s) (puw g = Vp).7 =0 0n 02 x (0,T)
Y (¢) no(s) (poj ~Vp +pc(s))).ﬁ — 0 on 90 x (0,T)

Initial condition
s(x,0) = Sini(x)
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D The variable Péclet scheme

The decoupled system

div(@)) =0, on Q x (0,7),
¢% +div(f(s, @, G) = T(@)Vip(s)) =0, on Q x (0,T),

where

¢« G =T(¢) <(no<s>po + 10 (8)pw ) G msﬁp),

nr
e f(5,0,G) = L(5)Q + ()@,
nr nT

o G ="T(¢)(po—pu) 7

. o (s) = Mo(&)muls)
® (s) 77O(S)Jrnw(s)pc( )-
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D The variable Péclet scheme

The finite volume scheme (1)

Discretization of the total mass equation

Y Qp) =

LEN(K)

where

¢ Q?{% = Tk|L ((U?,KLPO + 772},K|pr)!J(SZK,L N7 KLdUnJrl) ;
e forall o € {o,w, T}

n B (d(CUL,K|L) +d(mKﬂK‘L)>77a(S?()na(s%)
oo KIL = = (0)d(wr, K|L) + Na(s7)d(zx, K| L)
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D The variable Péclet scheme

The finite volume scheme (2)

Discretization of the oil mass equation (upwind scheme)

Sn—l—l

m(K)pH——5+ 3 Flsi, s}, Qi Grr)-
LEN(K)

TrL(p(sh) —¢(sk)) =0

where
e Gr.r = Tk iL(po — Puw)I%K,L,
(o)t (@R + () A G )
(770)?(—||-[1, + (nw)T[L{TLl |
1

K|L>
and GK,L-

1
o F(S%vs%aQ%—I_L)GK,L) —

e the upwind saturations in the terms (7,,)

n—+1
K|L

a € {o,w} are

determined by the values of ()
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D The variable Péclet scheme

The finite volume scheme (3)

Discretization of the oil mass equation (variable Péclet scheme)

Sn—l—l

— S}, n n o .n n
m(K)ox =5+ ) FO]s sk st Qlr Grer) -
LEN(K)

TriL(e(st) — ¢(sk)) =0

where
o F(6,a,b,Q,G) = 0F(a,b,Q,G) + (1 —H)F(a;b, a;b,Q,G),
[ )
i T )
K,L\°K»°L

a+b a+b . n
9 ) 9 7QK—E_[%7GK,L) —F(CL, b) QKT[%)GK,L)-

A?QL]} (a,b) = F(
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D Mathematical properties

Stability and Existence

Stability of the saturation calculation

0<s% <1

under (1) and the CFL condition

/ |

§ < inf rm(K)

I Y (2077(|Q?<J,r£| +|Gk,r]) + TK|LL</>)
LEN(K) /

(2)

Existence of solutions to the discrete system
An L?-pressure estimate and a topological degree argument give the
existence of solutions to the discrete system in pressure and saturation.
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D Mathematical properties

Convergence

%
Under assumptions on (), &, «97}(‘; and the sequence of the discretizations
(M) men We have

L2(Qx(0,T))

1. |s; — 7 s€L>®(Qx(0,T)),

2. |p(s) € L2((0,T), H' (),

\V/w S Ctesta

j Sznzw
Q2

where Ctosr = {h € HY(Q x (0,T)) / h(.,T) = 0}.
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D Numerical results

1D-test

Theta
Implicit Theta
Upwind

Implicit Upwind

Slope Limiter

Saturation

25 2000 2975
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D Numerical results

Numerical convergence : Error in saturation

Error in saturation (L1 norm)
100+
] vV v
b 4
10—:
— v
o
L] v
1 ¥ Linear regression: slope = 1.1342
v
0.1 T T T
1 10 100
dz
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Concluding remarks

Properties of the scheme :

e cheap and accurate,
e use for multidimensional domains,

e the implicit form is simple to implement.
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