A4 K H S5 o od UL K F R (BARFR 2019 4 5 A
Vol. 44 No. 5 Journal of Southwest China Normal University (Natural Science Edition) May. 2019

DOI: 10. 13718/j. cnki. xsxb. 2019. 05. 006

HEZIINTRPZEABRIVEREDTE
BEM, BRE. KRHE

SN R BUr S5 A B, 5T 550025

FE: 250 7 Bl il — 4k 24 4% 22 FL A B op A9 SR 2K T 30 30 ) A, SR P o A A58 700 %o — 24 DX 3 P ) S B A7 A
AH BB AN XIS 7 24 4% 19 9 B2 AR /NI LA S 0 oy — A — 2 0 LT, O AR O o S A 2 RN R B 2 FL A B Ok ZE R A B
5. R %Euﬂlﬂ%ﬂ J A, AR I Bl 4 A AV SR *Fﬁiﬁﬁ&%kﬁ?ﬁ“ﬁﬁ“WEE'FE’JMZI:
W R, A BUE SE I I UE T VA BRI UE I T A 2 P I T I R b BT B IO T R AR b 1B B R K
=Y K.

X 8 R MO ARZES BRAERT; RV ER: BER

FESES: 0241 XHFRERS: A XEHS: 1000 -5471(2019)05 - 0028 - 06

P4 2 LA T AR B R O — AN E B RS AR 2 LA PR B AR S A s R
LREASAD AT LURCADL P Rh 2 AL A R L OF Ao o A A I D R . OB T S BT M TR
B Z2 LA o T Y AL MO S A A

ARTCH 1 TR B T AR A HE T 5 5 2 1 IR PO A IR 22 0 7 A X R AT B R SR —
Jbb?l‘ﬁf”ﬂ‘]ii’ﬁ; o5 3 2 (S 0 R U I R AT BR 22 0 SRR IR T B A s R T SRS R L

I J2 Ml 55 B 32 IR T R AR 95 7 AR ki B RN

1 ja) & Y 4 i

WORR R, n =283, X =900 Q WA, AL Q F i SR8 B S e Rk v E
divu = q in
Ju =—KVp inQ (D
IP = P on [’
Hrr, p BRM, w2k VTHE, K2BERkE K EXNA, HREMITREBIES), ¢ R, p, E7EL
BT EAERNER. BBEEZAN TR QT FEAER— RO, K Q 3 TSN F R (E D, Hr. d %
INREEMTERE; T RO T T LQ WIS, i=1.2,/ =030, NI v BonHEEQ, Mo, IR %
HHors v =002, N2, N Qs 1= 1,25 n, Fony, WAL E. WRH pow K Flq, 352K pu,KHlg
X QRS i = 1.2, f4pu Fm p, ERF T EEYBRE, WD ATAS R B .

div u;, = q; in Q,,1=1,2,f

u, =K, Vp;, in Q,.,i=1,2,f

bi = by on I, i=1,2,f (2)
P = Py on Yy, i=1,2

U, *n=u;*n on Yy,i=1,2

@ UeHHY . 2018-06-08
HETH . FEE ARSI H (11461013).
EH RN BREAIA992 -, B, Bi-HAFg8E . 5% oo B S e F e
BEAEEE: BoE, W1, #iE.



% 5 HER, F. LAESIANRFEBASGARE S T & 29

i 1o A G ) AR T B o A O R i (2D 1 ) TR A @ 9 — A T EORE QA 2EAT R an k.
B, R Q0 M Q, Z T — A>T SRR SRR il AN T 20 LR AL 1 A% HEAT SR TR AR AL . O BL7E R 4%
Ab A B (n — 1) HERYARL MR RR . T AT ZORMEIER 7 4E /Y 8] R (& 2).

I 0,
N 7
£ Q Q, : I r, Q, y Q, £,
n=n-=—n o
5 ! 2 n=n=-n,
<,
Bl RKROARENMLEQ, B2 FHO.Q FHAAFEY Y

38 0T REBE AL AT A B ST T A A I . e R R w, = uy, tuy s
Hlvu,, = G, s nnln=n, =—n,) I8 XV A div, 5350 Y17 10 1B & T AR 7, v, Al div, B
BRI ER FAEBER . Q) B - RETE N

divau, +divau, = q,, in (3
X () ERL T MR H
—u;enl, fu on|, +divU, =Q;, on vy )
st U = [ wan @ = [ gdn BBV v, A 7. 05 SRR AR () A RJE AR L
P (D G lian T,
divTU,:Q,—i—(ul-nl|y1—0—u2-n2\y2),on Y (5)
XERT yWHEITRE, Kb w on |, tu cu, [, ZRDIAIEI, CRIELLLAE DR AT 257, X T
K (2) W5 AT FE AT LA A -
u, . =—K;, . Vpss in

up,, =—K;, V,pssin 0 (6)
RIEHFE(6) W95 — A B 7 1 BN
U/ = K/.rd V.P;s ony 7
d/2
se Py = L[ g dn. d FRBRORRAE W SR GRBU . (D R D 4 y LA TEER. B

TEX (6D BYEE AN Tr R R G800 A, Uy v AR R B8 Ty B9 — M2 55 — A TR ) 25, %)
5 AT BRI LT 10 R A

[ e mdn == Ko 1y 1 (8
BRI 2 AT A
/2 »n |, +uon |,) ==K, (py |, —pi |,)/d (9
Yoy = 2K, ,/d. ¥ X5 TFEA:
—uy o |y tapi Iy = ape I —us ey |y (10)
DU P&T 2 v i 2 1 1 5 AR A P E AT
u, =—K; Vp,;, in 0, 1=1,2
divu;, = q;, m Q2 1=1,2
u, =— Ky, dV.pys in v,
divu, =Q;+ (uy »my |, +uy omy [, in 7y, ab
—&,ntarepi=arcp,— A —8u; en;, in y,i,j=1,2,7i%#]
Di = Duo on I 1=1,2




30 79 i T e K F F IR RFAF R http://xbbjb. swu. edu. cn % 44 K

Horbr: 55 3D B RN MBI L Ty m IR VEEHE 5 4 Oy BB T LR N IR BT i ST E s 55 5 DR

AT Q 1 Robin 1 FAENY, 5GP IIER p, AR FIEQ, PREEA X =1.2, i #j. 4

€ WOR [RIELASF , JRUASE 0 A 5 £k Sk AN [ 14 1) R0 5 310 1t 24 € = 1 I %S 78 1) fa 5 ey A JR 32 Sl A o I 2 A 1 i)
L OOFEY e e [1/2, 1] W88 5 A Jrnl LAE i -

W ony lptuw on |, =a(p |lp+p 1y —2p)/26—1) (12)

W, *ny |y —u on |y =a,(py |l —010 1) (13

W A 5 0 5 (L) T LR AN 45 G 248 47 o 04 0y B8 T ) 175 0 T IR A B30 A

2 BRAPLBRESFIE
FHIRFE—NHEXIK Q = [a, b1 X [c, d] W, #HEE Q, = {2, X[ A HBAF X0, =
Las x) X [eo d] M Qy = (xyy b1 X [cs d]. XTT—4E2%, AUT R4
Oy: ¢ =y < s <t << Iny12 < Ynyrim = d
THEDIR Q0 A Q, SR 93 R 61, X 8, TS X0,y

Ole: @ = iy < gy < w0 LX< Lo = Xy
Ne—1/2 Na+1/2
Ot Xy =, <X, <L << e < Xaz = b
Na+1/2 Na+3/2
é‘\ S = 1""7N,, ’ [ = 17...7Ny’ %Xﬁﬂ?iﬂ%:
X, = (l‘rl/z + l‘.\ﬂ/z)/z Y= (yz—lxz +y/+1/2)/2
hs — Xg1/2 — Le1/2 k/ = Y12 = Yi-1/2
hor = Chy +hx)/2 — L1 T X1)2 ki = (ki JFk/)/z = Y1 T i

X T RREL (s ) L s Fg(ars ) H i af DI s 503 s +1/2, j ATDARUE { 835 L+ 1/2. FE3E Y
AR EBOE W -

Ldogp i s = (Ponr — o ) /e Ldyp Lo 1 = (gt — oD S i

(D¢l = (Poro s — porn )/l (Dl = (gt 12 — ¢t 120/
Hoedvn Ak 35000 « Jri My R, R o o M) o A BOEAMAER. B E
HAET s H ou o n s W s Prys U ez e’ P e KL w) (xgies ¥ w (Xys Yiie)s
ot V) bCag sy Her i = 1.2, WG AD B RV AT

[D.(U}T:I.\. + I:Dﬂlf]\ L= 4

p,(xys v uf(Jf‘Q+

ul e =— K Ldopilere.
ul e =— KY I:dypi].s. +1/2
Du, = u' —u
LD, J@»A/z, ! 9 Goti/20 0 + 1, Ke+1/2, 1 2, Ket+1/2, 1
=K, ,d|d
7o Qeb1/2, th1/2 A Ld.p ’]@»sz, 1+1/2
x Es
u —u = — 2 26—1
1. K172, 1 2, Ket1/2, ¢ ay (pl. Set1/2. 1 + pz, Se+1/2, 1 pj. K+1/2, /)/( ¢ )
u' u' = a,( —
1, Ket1/2, 1 2, Kit1/2, ¢ ar pl, Se+1/2, 1 pz, Kht1/2, 1

(14) 2 b3 SR T LA R — A BT A R GE. AE (14) b JR AT 7 28 01 ] 2848 Ji) Bl A o ) 1 g ke A 3
A BR2ZE A% 2 (HIR BTSN R AR AR AL b5 SCRY . B DA 2T (B IE A p M p (1) {8
R IR %2 T ERA B k.
3 HEXR

B AnlE 3 pras . REER BRI K0 @0 = [0, 1—d/2]1X [0, 1], Q. =[1+d/2, 2]X[0,

A A
1, Nz+1/2, 1 2, Nx+1/2, 1



% 5 HER, F. LAESIANRFEBASGARE S T & 31

1], EHRENNBEFR MK, = KI, 7 HE X3 5ER |
AN EE. K =K = 1. 25%09%E hd, HIN wn=0 wn=0
KO, q=0,i=1,2,f TELELL HHE - A%,
N N Y NI, = K K K =1
o TR R AR, KR —A KT LS. X g : 2| P
W, T ACD gk
el 4 o B R WE A0 AL 1O T A 2R (K = 100, d = =
0.01), 5 Hy W 4 45580 He by 0 A7 R 2 4% 10 45 {1 45 '
(K =100, d = 0.01, &€ = 2/3). B3 Huelhi-—EaREMH
10 ——————————
0.9 . - LI IIll
08r. . ..l
07t Ll
06 . Ll
051 Tl
04 |-
03 F.
0.2 f.
0.1 . R S
0 0.5 1.0 1.5 2.0
(@) [E 1R (b) B
B4 HuaBFmi
'|O = T —— = 7
0.2 [iess e
1.0 0.8 ———
0074 iaen
(6| A P
0.5
0.4f
U] ———
o : - ==
00 05 0 02040608 1.01.21.41.618 20
(a) [E 111 (b) SRR
H5 MHEBEREPOhARESGHBMER
B2 WE 6 N, BRI X ([0, 1/4]
u-n=0
U [3/47 4]) ﬁﬂg%ﬁﬁjﬂKﬂ = KfI? K/ =200, T’:E .
71

{1} X [1/4, 3/4]1 bWy BBERNK, = KA, Hh
K, =0.001 B ERWBERYS L —AHF—F, 0| K Ko K, p=1
TS 4 i FAL 4 (S 5 I AR R 6. A B
O BR 25 43 J7 1% B I A 4SS Y 3 LUK i T R
%, i 7 R (b d = 0.01, €= 2/3).

B6 HusAHH_kKHR



32 79 i T e K F F IR RFAF R http://xbbjb. swu. edu. cn % 44

1.0
0.8
0.6
0.4
0.2

0
1.0

2.0
oo 2% 05 05
(a) XA S SUBEMIE g (b) FSRIFEE IR
B7 RERHE
s o5 E

AR S F B A AT BR2E 23 07 R AR AU, 4k 24 5% 22 FL A0 50 R SR P R Bl ). ] — A B T R A i 2R

%‘ 55 T Bl A B AT A A S A 3 e (R B U Y T TR A . R S G 3R T R R A A O PR

18 B S5 Rt B R T 2R AR 98 3 R B R

S E Wk

(1]

(2]

(3]

(4]

[5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]
[13]

JEROME ], MARTIN V, ROBERTS J. Modeling Fractures and Barriers as Interfaces for Flow in Porous Media [J].
SIAM Journal on Scientific Computing, Society for Industrial and Applied Mathematics, 2005, 26(5): 1667-1691.
ALBOIN C, JAFFRE J, ROBERTS J E, et al. Domain Decomposition for Some Transmission Problems in Flow in Por-
ous Media [J]. Lecture Notes in Physics, 2000, 552 22-34.

CHEN Z, YOU J. The Behavior of Naturally Fractured Reservoirs Including Fluid Flow in Matrix Blocks [J]. Transport
in Porous Media, 1987, 2(2). 145-163.

FRIH N, ROBERTS J E, SAADA A. Modeling Fractures as Interfaces: a Model for Forchheimer Fractures [J]. Com-
putational Geosciences, 2008, 12(1): 91-104.

DAWSON C, SUN S, WHEELER M F. Compatible Algorithms for Coupled Flow and Transport [J]. Computer Meth-
ods in Applied Mechanics and Engineering, 2015, 193(23) . 2565-2580.

SONG P, SUN S. Contaminant Flow and Transport Simulation in Cracked Porous Media Using Locally Conservative
Schemes [J]. Advances in Applied Mathematics and Mechanics, 2012, 4(4); 389-421.

HOTEIT H, FIROOZABADI A. An Efficient Numerical Model for Incompressible Two-Phase Flow in Fractured Media [J].
Advances in Water Resources, 2008, 31(6) . 891-905.

CHEN H. SUN S. A Residual-Based a Posteriori Error Estimator for Single-Phase Darcy Flow in Fractured Porous
Media [J]. Numerische Mathematik, 2016, 136(3) . 1-35.

REICHENBERGER V, JAKOBS H, BASTIAN P, et al. A Mixed-Dimensional Finite Volume Method for Two-Phase
Flow in Fractured Porous Media [ J]. Advances in Water Resources, 2006, 29(7): 1020-1036.

ZIDANE A. FIROOZABADI A. An Efficient Numerical Model for Multicomponent Compressible Flow in Fractured Por-
ous Media [J]. Advances in Water Resources, 2014, 74. 127-147.

XUAERE . Z 48T, SRR, 4. Robin B3 FLRH 8 i 3 77 R A PR 22 4 Ak =X [0, St K5 2| CH R D » 2016,
34(3): 48-55.

REZ W, BRHE. —RAR R AR IR R AR EVE S 2 E A (], Pir RFF M A KRB . 2018, 40(4): 48-52.

LI X, RUI H. Characteristic Block-Centered Finite Difference Method for Simulating Incompressible Wormhole Propaga-
tion [J]. Computers and Mathematics with Applications, 2017, 73(10): 2171-2190.



% 5 HER, F. LAESIANRFEBASGARE S T & 33

[14] WEISER A, WHEELER M F. On Convergence of Block-Centered Finite Differences for Elliptic Problems [ J]. SIAM
Journal on Numerical Analysis, 1988, 25(2): 351-375.

[15] ZHAO D, PAN H, RUI H. Block-Centered Finite Difference Methods for Darcy-Forchheimer Model with Variable
Forchheimer Number [J7. Numerical Methods for Partial Differential Equations, 2015, 31(5): 1603-1622.

Finite Difference Methods for

Darcy Flow in Fracture Porous Media

CHEN Guo-can, LUO Xian-bing, ZHANG Xiao-Yu

College of Mathematics and Statistics., Guizhou University, Guiyang 550025, China

Abstract: In this paper, finite different methods has been used to simulate the single phase Darcy flow in
two-dimensional fractured porous media. The reduced model has been used to model the fracture in the
two-dimensional region. The fractures have a small width and are treated as interfaces between subdomain
media. In fracture and surrounding porous media, the fluid flow obeys Darcy’s law and conservation law.
The difference method has also been used to solve the fluid flow equations derived from the dimensionality
reduction model. The validity of the method is verified by numerical experiments. It is demonstrated
whether the fracture acts as a fast pathway or geological barrier is totally determined by the value of its
permeability tensor.

Key words: partial differential equation ; finite difference; reduced model; Darcy’s law; permeability
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