Jeroen Wille
08 July 2009

]
TUDelft

Delft University of Technology



08 July 2009 2

%
TUDelft



G:/TexPresentaties/MasterThesis/1Dcontinu.avi
G:/TexPresentaties/MasterThesis/1Ddiscontinu.avi
G:/TexPresentaties/MasterThesis/1DSUPG.avi

1. Discontinuous Galerkin

2. Two-phase flow in a porous medium
3. Application of the model

4, Conclusions

08 July 2009 3

%
TUDelft



Discretization
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Discretization
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Discretization

Legendre Polynomials
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Application
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Comparison
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Comparison

¢ Difference in spaces for the test- and basis functions
* Polynomial per element or defined on entire region

* Boundary condition versus flux functions

Computation cost

® Size mass matrix
® Solving per element

* Time integration
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Shock detector

I, = /89_ (Qj — Qnp;) dl,
= [ @-adas [ - Quyar
09 o},
oo (@5 = Quig) d
T, = .

REED210071|1Q51

.
7, >1 = qlsdiscontinuous,

i<l = ¢ IS smooth.
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Limiter

* Limit from highest order coefficient,
* Stop if order is zero or limited value is identical,

e Use forward and backward difference.
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Limiter

* Limit from highest order coefficient,
* Stop if order is zero or limited value is identical,

e Use forward and backward difference.

| : [ 1—1 -1 ,1-1 I—1
u; = minmod (uj,ujJrl —U; U — uj_l) :
(
sgn(a) min(|al, |b], |c equal signs
minmod(a,b.¢) = J 9 (@) min(al, [b], |c]), equal signs,
\ 0, otherwise.
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Results
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Results
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Construction

Model:
051
SOW + V- Q1(Sl) — O,
055
SOE + V- QQ(SQ) — O,

S1+ 59

|
-

Boundary and initial condition:

Si(x,t) = f(x), Vzelq, Vte (0,T],
S1(x,0) = Sp(x), Va e Q.
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Construction

Model:
051
= 8t v Q1(S1> — 07
0S
9082‘|‘v qQ(SQ) = 0,
S1+5, = 1.
Darcy’s Law:
g1 = —A51)V(p1+ p192),
G2 = —A(52)V(p2 + p2g2).
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Construction

Model:

054

p—or +V.-q(S1) = 0,

0S

9082+V q@2(S2) = 0,
S1+ 5, = 1.

Darcy’s Law:
g1 = —XA(S1)V(p1),
@2 = —XA(52)V(p2).
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Construction

Pcap — P2 — P1-
At fixed depth, justifiable p.,, = 0. So

p-=PpP2=P1.
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Solving partial differential equations

Add
051
et . — 0
b TtV q1(51) = 0,
to
0S9
- < . — 0
btV q2(52) = 0,
and use
Sl —+ SQ — 1,
to obtain

V- (q1(51) + q2(52)) = 0.
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Solving partial differential equations
Substitute

g1 = —A(51)V(p1),
@2 = —A(52)V(p2).

with p := p1 = p2 In
V- (q1(S1) + ¢2(S2)) = 0.
to obtain

—V - (A(S1) + A(S2))Vp) = 0.
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Solving model for the pressure
To solve

—V - (A(S1) + A(S52))Vp) = 0.
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Solving model for the pressure
To solve

=V - ((A(51) + A(52))Vp) = 0.
With boundary conditions

p(x) = po(x), xe€Tt,

~ (A8 + A(S2)) 5o () = @u(x), x €T,
S(S)FAS) L (x) =0, xely,
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Solving model for the pressure

Use finite elements

Basis functions: ¢;(z,y) = a; + Bz + vy
Determine gradient by:

3
Vpe, = » 6k Dk

k=1 Yk

08 July 2009 19

%
TUDelft



Solving model for the saturation
Knowing the gradient of the pressure, Vp, we will solve:

POl Y A(S1)Vp =0

with discontinuous Galerkin.
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Shock detector

* No periodic boundary conditions, so not all edges can be
limited,

* Flag all elements with edge on boundary.

Limiter

* Limit only midpoints on edges not on the boundary.
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Results
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Results

Ti=s 100
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Results on permeability

Tis 100
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Background
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Upscaling

* Reality three dimensional,

®* S0 we average over the height.
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Upscaling

le,:c — )\(Sl)—dz

- ( )a_xv
- 5 \Op
iy = )\(Sl)ay,

qd1,. = 0.
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Results
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Results
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* |llustrated the application of the cooling and heating of
EEMCS,

* |nvestigated having a non-constant permeability,

* Applied discontinuous Galerkin to saturation level,
extra difficulty added.
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Future work

* Making model more realistic,
® Using a higher order approximation,
* EXxperimenting with the limiters,

* Making a comparison in computational cost.
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Questions?
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