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ddtSchemes

{
default Euler;
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gradSchemes

{
default Gauss linear;
grad (U) Gauss linear;
grad (alpha) Gauss linear;
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divSchemes
{
div (rho*phi, U) Gauss limitedLinearV 1;
div (phi, alpha) Gauss vanleer;
div (phirb, alpha) Gauss interfaceCompression;
div (phi, taufirst) Gauss upwind;
div (phi, tau) Gauss upwind;
div (tau) Gauss linear;
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el 00l
laplacianSchemes
{
default Gauss linear corrected;
laplacian (etaPEff,U) Gauss linear corrected;
laplacian (etaPEff+etas, U) Gauss linear corrected;
laplacian ((1]A(U)),p) Gauss linear corrected;
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interpolationSchemes

{
default linear;
}
snGradSchemes
{
default corrected;
}
fluxRequired
{
default no;
pd;
pcorr;
alpha;
}

el 0als aiB s (o5l dnS 5l ol Y slas olSiws o 40 DY olre (g jlwdincnS 5l o

03liiwl PCG' b yi oo 9030 Lol og, 5l ,lad slagloce ;o c¥olee olKiws J> jglaie 4
PBI(:C}Y J‘J9) )‘ CE pw U‘M 6‘).: 03 DS Y 3lro oK J.> 6‘).3 Oyrad ol 00
S a is slalage pled jo SV olee oKiws > 1, BICGStab g, 5 Cowl 0ol oolainl

el 00l oolainl g5 i ol 5l Ce s g jLid slradlie L bLS I Cax Coles o cwl a8

&3 90 by Gilw e o9,y -F-Y

solXiws el 4 by e slaasl g des 5l alie sl uldo o ool > g4 oy 03 S

! Preconditioned Conjugated Gradient
2 Preconditioned Bi-Conjugated Gradient
£



9 oS SiS slrolSiiws 55wy S S5l ot Sl Ci g bl ( Shadslsy S
5 smrrt 0378 S3ligs (sloolins (>l 1o e vt J (oS 5 sn oanlie JUanl bslas
a4 dgaze il (a0 3B wix Gl e, Sy g adlhas ol olKius pl S
Sl il odsdy oyl (gwyyp g adlae JJs e a4 Cel 0g 2Kkl wlanlie
b S e S Gl Sldes o SYNS e g 00y S5 Ko, giibe
b §lr cbe (230l 5 5 Sa S oldie ;o (225 Sllllas il (551 wir saoliws
Sldllas g5 ol eomizmen LA] 5)l 6 )l slacusgame S)lse (S o &5 Conl aid, Say
Saeloo 3l eolazul g,0nlilhcal oYL Sldas 4 i g G SYeb g adgl (615 asle pus il
el Dldsz 4 (phtaws 5 390 Slapl 2 50 092 9e Slaod sy (i 50 (Slewle SVl
oue giludae ;o J2lie (o Pte 5ol Ceal Bl (Slowloe aisls jul w0 L >
o3 sla sy, 0,8 o,Lil 58 93 S e §pe (b 5 et 4 Gl e w3 aiz b g0 ool
99 530 1y by, cnl lgioe a5 el oals &3] 518 g0 e 50 58 5 CuxBgn (sl Sz (oo
G5y gy Soge & S yidae sy GHLIY oBans 5o o5l (ganatus ksl 5 sFLIY oBags
SHY Sl rg, s 10l Gt e 5 Sl Lall St o ime (ol (1Y JS5) 055 os
Slall g o Jshos s 15T g5 nl 50 05 g 03liinl 18 90 550 (6 50, sl 'S e e (g,
Sllre glalas 5,5 sl> Cuz dazme anaSid WS g S e Gl 4SS sla
sl (lodezeny o555 (1)1 g 005 30 sl by, (ol 5l ealil s es ) sl (5 )5,
B8 pogd A (g8 o (g (wl o e )il Hho Cwlo b (b Sl e b9, (nl 5o
plowl s 51 Vb 4z by ooedaas (1S Sloloee 5 ams oo o3zl a5 0,8 0 L3l e §pe sl

loa> o 3l g0k sla o s (gilwancls 2l oBus cpl S pedd 55 1) oy Gl g 09

! Moving mesh technique
1A%



Sl G;lf.o Gye Oy

S5 S e byl o Jo oSt g axsls o318Y cunle Uiy cnl i Sl 0 6557, by

Jo 4l 90 G e oS e mhae (ioren 010 0525 a0 S Jlow 2 Sl g 0gb o0 a8 S
gl (59, aball iz (28,5 Sl 0 b g osgy S i mha (55, 4Gl e (e (pl 50 0gs walgs
2O 09l ge aTie ASLD 90 iz Caslge g (b, S ie mhe Bl ol Sl g S e
S99 4 el g 0ddh odzen (b2 S 09 ge sl e e wyad slabol S o] 50 a5 bl
L g 00 oduzey zohw dwain a5 b j0 cplply 0l oo 513Y sla by, ;o U QMT
ol por (Mo b gy ol 5l oolisil cams (g5, mhaw 50 T g b g TS i plaeny

Ia] Sgr Ablez

olyzds Dyso a4 ba sk (Sle jre g 0l oolittul ol (gunaSid So 1 g5kl B o

Silwand (Folhar Gl jpe pad a9 oy JSKB S (g (ul 5o (V0T JSKE) S e gdad
sy el S B9, S3Bss Sleplz ileand sl 62,5 5 Flsls sEws 5l g 9 o0
@ ol gy orl el 5l g ook LSS les 50 Jlgen (Sl b dgae Cuales I Sls
G5y a5 Sl Sl oY S e 5re 50 B Ll sl 45 )5 o lil (ls 5re 05 B0

S oolawl 651,5Y gla g, 4 o

el Slaiae ol 5 col Jo a8 S g 9l (g5bsl cumle isy ol ’\cs;L:-" I OR,5 Gy,

sl GlS (69 0,10 0929 S i e aS laml sl paiias DY Olae (0 04 waleS >

! Tracking method
2 Break Up
3 Coalescence
4 Capturing method
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! Indicator Phase Function
2 Boundary integral method
3 Interface fitting
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Abstract

Saffman-Taylor instability is one of the interface instabilities that occurs when a less
viscous fluid displaces a more viscous fluid and finger-like patterns appear on the
interface of two immiscible fluids. In this numerical study, the Saffman-Taylor instability
in immiscible viscoelastic-Newtonian displacement is presented for the first time. The
simulation is performed in three dimension in a rectangular Hele-Shaw cell with two
parallel plates and a small gap. Here, viscoelastic fluid is considered as the displacing
fluid that displases the Newtonian fluid in the Hele-Shaw cell. The Giesekus model is
used as the constitutive equation to describe the viscoelastic behavior. Also Oldroyd-B
model as a quasi linear constitutive equation and Maxwell upper convected model are the
special cases of Giesekus model that are considered to beter undrsrand the rheological
properties of viscoelastic fluid. When the mobility factor parameter of Giesekus model
takes the zero value, the Oldroyd-B model appears and when mobility factor be zero and
the viscosity ratio takes one value the the Maxwel upper convected model appears. The
volume of fluid method is applied to predict the formation of two phases and OpenFoam
software is used for computational simulation. The main purpose of this study is the
investigation of the effect of rheological properties of viscoelastic fluid and capillary
forces on Saffman-Taylor instability in immiscible viscoelastic-Newtonian displacement.
The results are reported in the form of dimensionless parameters. Investigated parameters
are mobility ratio, viscosity ratio of viscoelastic model, mobility factor of Giesekus
model, elasticity number and capillary number. Due to evaluate the effect of these
parameters, sweep efficiency diagram and phase contours are presented for different
values of dimensionless parameters. The effect of rheological properties and surface
tension on the immiscible Saffman-Taylor instability are studied in detail. Results
indicate that increasing the viscosity ratio, elasticity number, capillary number and
extensional viscosity of viscoelastic phase stabilizes the flow field and enhances the
sweep efficiency, while, increasing the mobility ratio and mobility factor causes the
opposite effect and intensifies the instability. Also results show that the evaluated
parameters has a sighnificiant effect on the mechanisms that appear in finger patterns like
tip-splitting, coalescence, fading and shielding mechanisms. As a main consequence of
this study, elastic property of viscoelastic fluid in the presence of capillary forces has a

stabilize effect on the flow of Saffman-Taylor instability, while the shear-thinning



prpperty increase the instability. The effects of this numerical study has a significiant
effect in Enhance oil recovery processes of oil production and industry.

Keywords: Saffman-Taylor instability; viscous fingering instability; immiscibility;

viscoelastic fluid; Giesekus model; Volume of fluid (VOF).
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