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[1] Salinas, P., Pavlidis, D., Xie, Z., Osman, H., Pain, C., Jackson, M., 2018. A discontinuous control volume finite element method for multi-phase
flow in heterogeneous porous media. Journal of Computational Physics .
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Multiphase flow and transport model

* Darcy’s law v, = —AKVp +f

where Ky (Sy) s Krsinde)
Hw Hnw

=

* Continuity equation

V . Vt = qt
e Mass conservation oSy,
¢W + V- (V) =4q,
s.L. S, +S,, =1
Aw

fractional flow fw= 7
t
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Proposed ( P,ps-Pons ) @Pproach

one to one element-control volume mapping for consistent discretization

Flux continuity between elements/CV is applied in discretization

@ pressure node

Locally and globally mass conservative A, velocity node

Discretized force balance equation Av,+Bp=b;
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Harmonic permeability

Discretized continuity equation  C v, = b,

fluxes

N l
Z Z/F ¥n.®;vy ;dl’e — Z /Q W,;q,dQ = 0

reeQj=1 T Q.
permeability-weighted harmonic average velocity

IMPES-based scheme to solve for flow and transport
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Buckley-Leverett validation

Finite element mesh

Classical method

Discontinuous method
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cross fracture
1144 DOF

2928 DOF

Numerical example 1

—e
5

--@--continuous
—o— discontinuous

4

Degrees of freedom (x103)

BN Permeability
105K K

——
3

2

&~
=@ __
-—--..

—

<
S

—

10

—
S

0.001

J3eyBI[ SSBW PIZI[BULION]

92

o

=

)

=

p—(

<

3}

o=

95]

95]

a N
e X R/ T\ {
ém»‘"év"bﬁﬂb \/ ; Z 0\"“0’“%&”4“&@WM“”“1“‘ 0‘“6
& AL LS DA DN DR BOYSGYS S

9

o

=

—

=

5]

=

o

=t

=

=

o

o

3

95]

.

A

IAd SO0®@ IAd T0®



Imperial College

London

@0.03 PVI

@0.06 PVI

Numerical example 2: wedge pinch out

Discontinuous method
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Conclusions

The proposed method

Significantly outperforms the accuracy of classical CVFE method to preserve sharp saturation interfaces

Consistent, stable, and numerically convergent

Locally and globally mass conservative

Requires less degrees of freedom than other discontinuous methods and yields similar results

Thank you!



