
F1(pw, Sn) = φ
∂(ρw(1− Sn))

∂t
− div

(
ρw
krw(Sw)

µw
K (∇ pw − ρwg)

)
− qw

F2(pw, Sn) = φ
∂(ρnSn)

∂t
− div

(
ρn
krn(Sw)

µn
K (∇(pc + pw)− ρng)

)
− qn. (0.0.1)

For simplicity: ρw, ρn, µw, µn constant.
Relative permeabilities

krw(Sw) = S4
w (0.0.2)

krn(Sw) = (1− Sw)2
(
1− S2

w

)
. (0.0.3)

Capillary pressure (pd constant)

pc(Sw) = pdS
−0.5
w = pn − pw (0.0.4)

Jacobian J

J =

J11 J12

J21 J22

 =

∂G1
∂pw

∂G1
∂Sn

∂G2
∂pw

∂G2
∂Sn

 (0.0.5)

with G1 =
1
ρw
F1 +

1
ρn
F2 and G2 = F2.

∂G1

∂pw
= −div

((
krw(Sw)

µw
+
krn(Sw)

µn

)
K∇

)
(0.0.6)

∂G1

∂Sn
= −div

(
1

µw

dkrw(Sw)

dSn
K (∇ pw − ρwg)

)
(0.0.7)

− div

(
1

µn

dkrn(Sw)

dSn
K (∇(pc + pw)− ρng) +

1

µn
krn(Sw)K∇

dpc
dSn

)
∂F2

∂pw
= −div

(
ρn
µn
krn(Sw)K∇

)
(0.0.8)

∂F2

∂Sn
= −div

(
ρn
µn

dkrn(Sw)

dSn
K (∇(pc + pw)− ρng) +

ρn
µn
krn(Sw)K∇

dpc
dSn

)
(0.0.9)


