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Numerical simulation of viscous fingering instability in displacement of
Newtonian fluid by White-Metzner viscoelastic fluid in heterogeneous media
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, the fingering instability in displacement of Newtonian fluid by viscoelastic fluid through
Received 09 February 2018 heterogeneous media is investigated using spectral method and Hartley transforms. The White- Metzner
Accepledilt April 2018 model has been used as the constitutive equation. This model can be presented the shear- thinning and
Avwelloble Caltine;] L1 {ay2011 elastic behaviors of viscoelastic fluid very well. The heterogeneity of the media is considered in two

different types. In the first case, the permeability of medium exponentially decreases in the transverse

Keywords: : % : 3 : =

Fingering instability section. This case is named decreasing heterogeneity. In the second case, the permeability of the
Viscoelastic fluid medium will initially be increasing and it reaches to its maximum at the middle of the cross-section and
White-Metzner model then decreases. This type of heterogeneity is called parabolic heterogeneity. The results are included

Heterogeneous media concentration contours, mixing length and sweep efficiency. It can be seen that in the first case, the

degree of heterogeneity has little effect on the structure of fingers. However, increasing in this
parameter leads to decrease in mixing length and increase in sweep efficiency. But, in the latter case,
with the change in the degree of heterogeneity, the finger structure will be strongly affected. In addition,
in this case, increasing the degree of heterogeneity will increase the mixing length and reduce the sweep
efficiency. Also, in both cases, the flow becomes more unstable by the shear thinning property of
viscoelastic fluid. Although it seems this effect is less in medium with parabolic heterogeneity.
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Fig. 1 The Schematic of the problem
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Fig. 3 The permeability variation in the medium with decreasing
heterogeneity

eblS Sl b damae jo g pliudeds Sl peis 3 S

WWW.BID .ir


http://www.SId.ir

O 9 (550 s OFanl slabuxe 53 Hijie—aly S Viglusg Juw g Aigs Juw (lmls 23 F5) b $)135L0 33 S lwasb
=100 =100 1
- < 09
=200 =200
- o 08
L 0.7
£=400 =400
R (0.6
0s
=500 =500
).4
i
0.3
).2

(a)a =0.1

(.0

(b)a = 0.8 c

Fig. 4 Concentration contours in the medium with decreasing heterogeneity(a) @ = 0.1 and (b) e = 0.8 (n =0.8,De =05and R = 2.5)
(R=254De=05m=08)a=08()sa=01(a) col5 Kbl lazms o clale slo gl 4 JS&

100 200 300 400 500 600 700 00
14

Fig. 6 The mixing length profiles in the medium with decreasing
heterogeneity for different values of n (@ = 0.5, De = 0.5 and
R =25)

N il polia 0 falf SSeal b b (o LS Jobo ol oo 6 15
(R=25 sDe=05.a=05)

127

900 ™ - T T v T T
B0
700
600
500
400
3
200

0
100 200 300 400 500 600 100 800

e
Fig. 5 The mixing length profiles in the medium with decreasing
heterogeneity for different values of @ (n = 0.8, De = 0.5and R =
2.5)

a calises polie o olalf oReal b laoes o bYS Jsb gla 22 § S
(R=253De=05mn=08)

08 O)Lm» 18 ©)9d 51397 UL\T ORI \J’._-'\'.:A\ (3R L


http://www.SId.ir

Archive of SID

Uban 9 65 s

Fadl lblacte )3 yijEe— Suly Sk VigTuusy Jwn Joungd Hidesi Juw alzls ) gz Gl G LG $3 e G ludand

Sy el b e Sy Jow by (S5 Jlo bl 5o o)l
ol eals fuled 9 IS5 o @t cilie polis g1y De=0.53n=108
9 428,55 IS5 Lo 2280l jera |y ol 1 Shapi lazyl )5 zally ol ol
Mo 5l o 228 (5,8 IS b .abl o Blo Layis Jlw 90 led maw
4,0 SV polie o 45 5od o cumlie ol amlys 4zl g)l> osjl

0.9

0.8

’/l ]

0.7

0.6

L L L L L M L L

100 200 300 400 500 600 700 800
I!
Fig. 10 The sweep efficiency profiles in the medium with decreasing
heterogeneity for different values of n (@ = 0.5, De = 0.5 and R =
2.5)

@btz polis jo 2alf Kealil lazs jo ogyl> oojb slo e 10 IS0
(R=25:De=05.0a=05)n

—De=0.5
= = De=L.5
e De=3.0
=-=-De=4.5

100 200 300 400 500 600 700 800

Fig. 11 The sweep efficiency profiles in the medium with decreasing
heterogeneity for different values of De (@ = 0.5,n =09 andR =
2.5)

2olie )0 2l cKaal b b )3 g9l 025k gl smie 115G
(R=253n=09.a= 0.5)De'~..u.-.-su

1.15 T T T T T T T T T

—a=0.01
- - - =005
., e =01

['-9 L4 i i i i i i i i i
=250 =200 -150 -100 -50 O 50 100 150 200 250
.rx
Fig. 12 The permeability variation in the medium with parabolic

heterogeneity

Syt enli b oz 10 (g pdydeai Olyess 12 S

08 o louis 18 ©)9> 1397 UL\T WP S» Sl WAy

2 oniSlalr Sl 215 ol Gleee o] S @ &5 cen el
oad &Ll gy gl addlas cpl o s | sdigdlmly Jbw alnl>
& el ot olizal g le s3jk dsboes (g1 [22] lie g s b
2l 0551 2515 b (gl lagy] cale a5 Slae,5 slaas a5 & jge ()
003l gl oo prwdl Flislme laso ] 0 39350 gloo S IS olaws

Q00 T T T T T T T T
qol ——De05

: - = De=15

a0k e Des30 I

=== De=4.5 4%
600 e

500
u
~
400
300
200

10

100 200 300 400 500 600 700 800

o

Fig. 7 The mixing length profiles in the medium with decreasing
heterogeneity for different values of De (@ = 0.5,n =09 andR =
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Fig. 14 The mixing length profiles in the medium with parabolic
heterogeneity for different values of @ (n = 0.8,De = 0.5andR =
2.5)
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