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Original Research Paper In this article, a numerical solution of incompressible two-phase flow in isothermal condition,
Received 19 July 2015 based on wetting pressure-wetting saturation formulation (P,—S,,) using high order primal
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‘Available Online 01 Decermber 2015 discontinuous Galerkin (DG) method which can capture the shock fronts of two-phase flow in

heterogeneous porous media is considered. In this presented model, the velocity field is
reconstructed by a H(div) post-process in lowest order of Raviart-Thomas space (RT,). Also in

Keywords: . . . . i

Twyﬁphase flow this study, the scaled penalty and weighted average (harmonic average) formulation significantly
local conservation improve the special discretization formulation of governing equations which cause the
slope limiter instabilities in heterogamous media to be reduced. The modified MLP slope limiter is used to

discontinuous Galerkin method

Interi remove the non-physical saturation values at the end of each time step. In this study, the slope
nterior penalty

limiter should be considered as one of the main novelties due to the impressive effects in results
stabilization. The proposed model is verified by pseudo 1D Buckley-Leverett and Mcwhorter
problems. Two test cases, a problem for modeling the secondary recovery of petroleum reservoirs
and the other one a problem for detecting immiscible contamination are used to show the abilities
of shock capturing two phases interface in porous media.
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17- Local Discontinuous Galerkin

18- Raviart-Thomas space

19- Robin

20- Symmetric weighted interior penalty Galerkin
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1- Simultaneous solution (SS)

2- Sequential solution (S.Q)

3- Implicit pressure-Explicit saturation (IMPES)

4- Locally conservative

5- Mixed finite element (MFM)

6- Discontinuous Galerkin (DG) method

7- Mixed hybrid finite element (MHFE) method

8- Interior Penalty

9- Capturing shock fronts

10- Unstructured

11- Hanging node

12- Oden-baumann-babuska (OBB-DG) method

13- Symmetric interior penalty Galerkin (SIPG)

14- Non-symmetric interior penalty Galerkin (SIPG)
15- Incomplete interior penalty Galerkin (IIPG)

16- Modified Durlofsky—Engquist-Osher slope limiter
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Fig. 4 the pattern of slope modifying in ABC element using modified MLP
slope limiter
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Fig. 7 The geometry and boundary conditions for Mcwhorter problem
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Fig. 10 Comparing the pressure (Pa) (top) and saturation (-) (Bottom)
diagonal profiles on x = y for the OBB-DG current study and Klieber and
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Fig. 11 The wetting phase pressure (Pa) contours at 15 and 30 days (Left)
the current study with NWIP (1, = 2,1, = 1,RT,) (Right) Klieber and

Riviére [10] with OBB-DG and fined mesh
59530 515 51 (g (USsly) 00 5 516 JLad ge8 (sl gilS aglio 11 ISl

(OBB-DG) Jow c(cely) (1, = 2,75 = 1,RTy) yol> Jow ;0 NWIP a5eus b ()
9S50y 45 L [10] wrge) 5 pelS atimsl 5 JE

o el Kby (10Js5) (Lol (slopuite ()b Judgp (S dmlie
Alies ol Ol o gl 4 idyo Slpe a4y gl Sl b pol Jow mlbs
Bl gl 4 Cond (65005 o0 By lylo NWIP aseus 5l oolaiul 4
OBB-DG ases b gslhae cisllas 4l 5 wil oo ass, 5 ,0lS NIPG
RPN [10] Doy g ylS

333

Jow a7 -6
1 wiges aicuno -1-6
Oles Wl o ol> alivs g5l o (glp oud ags Jaw bxil o
O3By agill cabl gl Jow awe) jo cud Bl aliin SO
loalss o cas el olx ez aliws (ol ;0 00,5 oo gy g &
axdly el ol 385 00 ol B3y Sy (Ren (e D S
e i o)l Joday 358 awaie p)lez G 9 USE Gille
59 ol Aol Sl asis )l alies ol o 00,5 o0 sl
s ol s 5 5 0,750 by lade b (NWIP) arwgnl oS JIS
oy Ol ol ouls oolaiwl ladl 864 olass L (LSle joas i
il oo (p={1,2},r,=1RTp) altes opl j0 glodl ax ;o o ,Lid Yol
03 d.djf )b.i 39 39 0.025 f‘f @LA) 6L€b talf o)'lddl FYCOWS U"‘ o
Sl ool ools Llis 3 Jgu o st oo g Yl 9 3ud Dlasuine
Bl o be adgl 5 550 Ll

P, = 3.45 x 10° Pa, S;, = 0.95(-) I3,

Pf. = 2.41 x 10° Pa, I,
P,(,0) = 2.41 x 10° Pa, S,,(,0) = 0.20(-)

olizte L [10] 52 5 ylS Jonogs 00 gy Joto bt s yl> Jao gl
4224 slass b o3lgsSs 5, a5 (NIPG, 0 = 1) 3 OBB-DG (sla aseus |

Wolne 13 My Jlael S5 g, 5 pealS Laag o &l Joe o

g Cowl ool oolainl jLid o Siwgm )8 jshie 4 gLl ax o
Ypemdzg cwd eaiSogame l eoliud L Sopbse lleg
J0 Jal o .l 0035 oolitwl oo Dol s eSS pigh  Sudgl 90

5 2l Jao ol Glayiie sl )sils 5 o)k Jdgn iy 4 12511
Ao duglie ;0050 L 5,30 515 Sue sl gy 9 plS Joo

2 51 altns Jis Jame 5 SVl (S5 Sl 3 Jgor
Table 3 The porous medium and fluids properties used in test cases 1 and 2
2 dgos alins 1 Ggei alies el )b
0.25-0.3 0.20 o)
8 X 1079 — 10712 10 K[m?]
1000 5000 P,[Pa]
2.0 2.0 {1
0.15 0.15 Srwl=1
0.0 0.0 L
0.00089 0.0005 Uwlkg/(ms)]
0.0162 0.002 tinlkg/ (ms)]

I'n P,

JVAVAVAVAVAVAVAVAVAVAVAVAVAVAV.:.=. Wl
VAVAVAVAVAN SYAVAVAVAVAVAVAVAVATS <20
WAAAVAY, ;Wﬂﬂﬂuuuv‘ DR
VAVAVAS VAVAVAVAVAVAVAVAVAN S )5
WAVAVA AVAVAVAVAVAVAVAVAv, by S
TAVAVAVAVAVAVAAVAVAVAN g S04
AVAVAVATAVAVSTAVAVAW AV
Dy TAVAVAVAVA R EaYAVY
POKAANR
D JAVAVAVAVAY, v (024
SAVAVAVAVAV.(AVAY S
ZAVAVAVAVAVAVAYA®
P AVAVAVAVAVAVAVAVA Y
D VAVAVAVAYAVAYAVAVAY,
K5 "AVL‘A"A"A'A"A"
Y AYAY G VAVAVAVAVAVAY,VAVAS
S VAVAVAVAVAVAVAVAVAVAVAVAVAY
SAVAVAVAVAVAVAVAVAVAVAVAVAYY by
VAVAVAVAVAVAVAVAVAVAVAVAVAN D, e
SYAVAVAVAVAVAVAVAVAVAVAVATANG b- 4 P>
DAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV S ¢
TSIV NINININININININININININTS
T AVAVAYAVAVAVAVAVAYA VAVAYAYAYAVA

F:\ r}"*’ BO 50 100 150 200 250 300

Iy

Fig. 9 (left) The five-spot geometry and the boundary condition,
unstructured grid used in sample case 1 (right).
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Fig. 15 The wetting phase pressure (Pa) contours at 20, 30 and 40 days and
using (1, = 2,7, = 1,RT,) approximation
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the current study with NWIP (7, = 2,7, = 1,RT;,) (Right) Klieber and
Riviére [10] with OBB-DG and fined mesh
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Fig. 17 comparing the pressure (Pa) (Top) and saturation (-) (Bottom)

profiles along the x axis (x = 15,y) for current model using SWIP and

(r, ={1,2}, s = 1, RT,) approximation at 30 days
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Fig. 16 The wetting phase saturation (-) contours at 20, 30 and 40 days and
using (1, = 2,7 = 1, RT,) approximation
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