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(b) Ca=0.06835; (c) Ca=0.07300; (d) Ca=0.07750; (¢) Ca=
0.0820; (f) Ca = 0.08650; (g) Ca = 0.0910

Fig. 5. Droplet morphology obtained under various values
of Ca: (a) Ca = 0.06370; (b) Ca = 0.06835; (¢) Ca =
0.07300; (d) Ca = 0.07750; (e) Ca = 0.0820; (f) Ca
0.08650; (g) Ca = 0.0910.
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Ca BN 0.0298 HEHNF 0.0877, BRI [a] 43 518 21>
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5, Ca BT 2R T8 B ) 8T 2 18T 5K 7 8%
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Fig. 7. The model for porous media displacement problem.
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(a) Ca=0.0298, t =36.2

(b) Ca=0.0595, t =16.9

(c) Ca=0.0877, t=11.1

(d) Ca=0.0298, t=32.4 (e) Ca=0.0595, t=15.3

(f) Ca=0.0877, t=10.1

(g) Ca=0.0298, t=29.1

(h) Ca=0.0595, t =14.2

(i) Ca=0.0877, t=9.4

K8 A Ca®tT, Bk W BY VIR | A 1515 57 U048 B it (R 1 45 R SR BB B (a)— (¢) n = 0.7; (d)— (f) » =1.0;

(8)— () n=13

Fig. 8. Final finger patterns obtained under different values of Ca for shear thinning, Newtonian and shear thickening fluids: (a)-

(¢) n=0.7; (d)=(f) n =1.0; (g)-(i) n = 1.3.
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IRV BT IARAR | AR 1 2 Y D) A HR ik, 4B
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0.7 0, Ca%t M 0.0298 ] 0.0877 i} K ¥ &k &
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1O, Ca%t N 0.0298 F| 0.0877 i 3K 5 5 K
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Ca B SEIMTTUE/IN, SR 177 R B 50R /I8 1) 3 %6 B
& n I/, 5346, CaBi—Ent, FHFEE
n R, IREERCR De K.

4.2 HAFE v HIRIN

AN 3 I EE He MW AN TRV S A
ORI FR AR, X HLRE M LU A e A A AR
KRR A B SE Y. E AN Ca BB N
0.0446, HAZH 5 4.1 1.

214702-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

"B F W

Acta Phys. Sin.

Vol. 68, No. 21 (2019)

214702

[ | |
LI
| n
-
] |
LB
[ ]
[
0 0.01
O.IOS
©
0 SURFSEILIN, 7 L RO T A SO PN 3 ) B R

(a)n=0.7; (b) n=1.0; (c) n=1.3

Fig. 9. Schematic diagram of gas-liquid two phase dynamics viscosity obtained under different values of power-law exponent:

(a)mn=0.7; (b) n=1.0; (c) n=1.3.
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K10 Ca BOMREEEHEE0 n X R A VR 9K B 350 1 52 1

Fig. 10. Effects of Caand power-law exponent n on power-

law fluid displacement efficiency.
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h26.5, 23.5 1 20.3, MLHTREE FRIGEL n B93E N,
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(g) M=25, t=20.3

(h) M=7.5, t =18.5

(i) M=12.5,t=184

M1l RS FE L MT, B W 5T U AR L A 505 5T U0 AR B A A B 38 B S (a)— () = 0.7; (d)—

(f) n=1.0; (g)— (i) n=1.3

Fig. 11. Final finger patterns obtained under different values of viscosity ratios M for shear thinning, Newtonian and shear thicken-

ing fluids: (a)—(c) n = 0.7; (d)-(f) n = 1.0; (g)-(i) n = 1.3.
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L.OMF, MM 2.5 3] 12.5 B} 5K 5 8% % De 1) {5 M
0.730 9 /N3 0.562, W/ T 23.01%; n = 1.3 H,
MM 2.5 £ 12.5 BFIREERLH De FI{EM 0.626 J8/)N
] 0.535, Wi/N T 14.54%. H i, NS 9K A 2
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0.8 @ n=1.0
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)
Q
" A\\A\‘\‘
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2 4 6 8 10 12

M
P12 SR L MRS I X R AR I R A AR
SRl

Fig. 12. Effects of viscosity ratio M and power-law expo-
nent n on power-law fluid displacement efficiency.
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B Ca = 0.0446 , HASHS 4.2 AHF.
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TR A £ B R B I A S Ty AR, R A A
HEA EE AR, BT AR SRR ) 1A I R] A B
B e AR B RE . DR R A S I5A T RS [
A At AR 1092 R BT A IS BT
5, AT IR DU il A TS O (6 =45°, 60°,
120°5 135°), %4 n = 0.7 (& 13(a). & 13(d).
Bl 13(g) . B 13(j)) % i) B8 BF 58 B s 8] 43 51 Sy
23.1, 23.5, 25.5 #126.8; n. = 1.0 (& 13(b). I8 13(e).
E 13(h). B 13(k)) X0 A4 3K s 58 B st 18] 43 51 A
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() n=0.7,t=26.8

(k) n=1.0, t=22.6

(1) n=1.3, t=20.3

B 13 ORI P A B O, K Wk B D AR R L AR 155 5 DD AR B AR I A B AR IR A (a)— (¢) 6 =45°; (d)—

(5) 6= 60°; (5)— (i) 6= 120°; (j)— (1) 6 = 135°

Fig. 13. Final finger patterns obtained under different values of contact angles 6 for shear thinning, Newtonian and shear thicken-
ing fluids: (a)—(c) 6 =45°; (d) - (f) 8 = 60°; (g)-(i) 6 = 120°; (j)—(1) 6 = 135°.
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fi%. BARME, no= 0.7 BF, [ 44 3 1 422 fih /5 0 A
45°%] 135°H} BK B % % De 1y BU{H b 0.611 |
0.838, I T 37.15%; n = 1.0 B, [H {4 3% [ 432 fim
0 M\ 45°F] 135°0F SRR ZLF De [ HUE K 0.530
2 0.703, #IN T 32.64%; n = 1.3 I, [EAFE T
fill ff 0 M\ 45°F1] 135°) BK B % R De 19 HUIH
0.471 # 0.620, #4117 31.63%. [F]NFMLERH], [#14
11 ) R AR A n R, IR RIR
De #AI.

0.9

60 80 100 120
0

P14 A O SRR A I n o R R O A KR AR Y
R
Fig. 14. Effects of contact angles 6 and power-law expo-

nent n on power-law fluid displacement efficiency.
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18.5 1 16.9. M _F- %S AT LA A BUAH X T JH: A P o
T, Z LA LR A = AT B B 52 Bt () ] dnl
WD, R KA TE AR R A LB 0T, AR T

fb il Z2FLa5 e, A = AR AR Z AL i
SERLIS BT L ) IE TE A /], PRI SR 1o A 32 8 ) B
R, WAL 15 38 0] D& B T [R] 1 2 LA o
SERBCIRE AT R R 0 O, 45 2 BLSR N
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(bl PaR NS =i U R T DAL 8 =
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R — 2SR ST AT A T LA 2R R L) R A
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BRCR. KL 16 0] LUA H3 T Bk 5e i 2 £L A it
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. R R BEE AR AR B SN, ORI
MR, AH T IR LR R AT N 16 B n] LA
H, XTI BRERIE R n OISO, BB 2 FL45 1
T Z L4545 B IR AR LR (51 15
HR R R IR IR XN ), T = A HE 22 LA B kA 2
R AR ] S ).

(n) B, t=18.5

(o) =, t=16.9

P15 AN [ g e fise ) JLART 26 80, 0l 0OR J8 h B9 UD AR A 24 55 5 170 74 R O A ) KA B PR B S (a)— (¢) no= 045 (d)—

(f) n=0.7; (g)— (1) n=1.0; j))— (1) n= 1.3, (m)— (0) n= 1.6

Fig. 15. Final finger patterns obtained under different geometric type for shear thinning, Newtonian and shear thickening fluids: (a)—
(¢) n=0.4; (d)=(f) n=0.7; (g)-(i) n = 1.0; (j)=(1) n = 1.3; (m)—(0) n = 1.6.

214702-11


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 21 (2019)

214702

0.8t —— [
' -8 O
- A
0.7+
jo)
Q
0.6
0.5
0.4 0j8 1.2 1.6
n
16 A JL AT 248 0 R e A 8 K o o S R WA AR K R 3K
RIF

Fig. 16. Effects of geometric type and power-law exponent n

on power-law fluid displacement efficiency.
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Abstract

A new incompressible gas-liquid two-phase flow model for non-Newtonian power-law fluid is proposed based
on an incompressible lattice Boltzmann model. And the fundamental physical mechanism of Newtonian fluid
displacing non-Newtonian power-law fluid liquid in porous medium is studied by using the proposed model. The
effects of capillary number Ca, dynamic viscosity ratio M, surface wettability €, porous medium geometry, and
power law index n on the displacement process are investigated. The comprehensive results show that with the
increase of capillary number, the displacement process turns faster, the fingering phenomenon becomes more
obvious and the displacement efficiency decreases. However, for different values of power-law index n, the
effects of the Ca on the displacement process have some differences. Specially, the decrease rate of displacement
efficiency becomes slow if the displaced fluid is shear thickening fluid as compared with that if the displaced
fluid is shear thinning fluid. On the other hand, the displacement efficiency decreases as dynamic viscosity ratio
M increases. And the effect of the viscosity ratio on the displacement process becomes more obvious for the low
value of the power-law index n. Moreover, the effect of the surface wettability of the porous medium on the
displacement process is also related to the size of the power-law index. With the increase of the contact angle of
the porous medium, the fingering phenomenon turns less obvious, and the displacement efficiency increases.
However, with the increase of power-law index n, the influence of the contact angle on the displacement process
decreases. Besides, the displacement processes with different geometric types of the porous media are also
studied in the work. The results show that comparing with the case of porous medium denoted by circle shape
and square shape, the fingering phenomenon obtained by the case of triangular shape is most obvious, and the

displacement efficiency is lowest.

Keywords: power-law two-phase fluid, lattice Boltzmann model, immiscible displacement, porous media
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