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Abstract

The gas-liquid two-phase permeability in fractured porous media has important theoretical signi-
ficance for the production prediction of shale gas horizontal wells. Therefore, in order to further
understand the gas-liquid two-phase flow mechanism through fractured porous media, the
fractal bifurcation network is used to quantitatively characterize the fracture topology. A fractal
dual-medium model for gas-liquid two-phase flow was therefore developed to derive the analyti-
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cal expressions of effective permeability and relative permeability of fractured porous media. And
the gas-liquid two-phase flow in fractured porous media is also simulated based on the finite ele-
ment method. The predicted results by the present fractal dual-medium model are in good agree-
ment with the numerical simulation and experimental data. The results show that the relative
permeability of gas phase and liquid phase decreases and increases with the increase of liquid
phase saturation, respectively. The porosity and fractal dimension indicate significant effect on
the relative permeability of gas phase.
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Figure 1. Diagram of a fractal dual-medium model for fractured porous media
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Figure 2. The k™ single bifurcation of a fractal bifurcating network

2. RS RIMLEHIEE k 2R 5 X ERH

VW SURM], AP AIRE R FEIR S 2 LA, ENEE S A AR, R
Mg AR RFLR, TR S G HE/NFLAR[3] [12]. N T X BIASARFIRA A, B ATE— A 42
foo » BHE PR/ ZIG T AR K PR 2 IR ERBORAA L4, 10 BEE A2 K il AR i pr s 2 XM
LR SR [13] 0 RS — TR, A YR R AT AR IR

foc 2
_ Il’o,min rg (_dN) _ rOZ,;Df - r02,;31f (8)
w ~ 2D 2-D
Jro.max I’O2 (—dN ) r'o,maxf - I‘O,minf

L AT LB I G | i FEA R

r0,c = I:(l_ ¢) Sw + ¢:|]/(27Df ) I’O,max (9)
¥ Hagen-Poiseuille J5 2, FAR 53 S48 A M MR AL B AT AR

4

4
_ Mo _1-a/np __AP (10a)
845y 1—(a/n,84)

g

_ Tcrofw :I.—(Z/nﬂ4
w 8,uw|0 1—(0!/nﬂ4 )m+1

(10b)

ST RR(LO)HHAT Ay, 454 T FE ()43 B L% I 48 S I M AR A B M«

To,max TEDf rofmaXAP 1_a/nﬂ4 { - }
- dN = 1-[(1-¢)S, +¢ |20 (11a)
Q =], 81410 (4-D; ) 1-(a/np* )" S

. ™ AP 1-a/np* [(1_¢)sw+¢]ﬁ (11b)

Qw =— WdN = m+1
Jim @ 844,Jo(4-D; ) 1-(a/np")

PE RSP, T 0 /Mo <L (oo /Tomec ) =0 o FEHI AP A

DOI: 10.12677/apf.2022.122002 14 B R


https://doi.org/10.12677/apf.2022.122002

&
+H

i
4

K = #Q (12)
APA
AR B L e SR
m+1
L=l, (1+0““ cos@j (13)
l-a

ﬁjﬁﬁﬁﬂanﬂ@ 3R XA IR R E A

e (1—¢)( -D;) 1—(a/nﬁ4)m+l[l 1-a 9] 1-[t-¢)s.+oJo (14)

r-Oz,mau<¢( )Sw 1- (,Z/nﬂd ( a _am+1 \J 4-Dr.
Kiw= —|1 cosé || (1-¢)S,, +¢ |>-Or (14b)
C o 8(1-9) (4 Df) 1- (a/nﬂ“) e [( )Sy+ J

XTI fLA o, BEAR Y SUETE B A Fe i — AR, DL, AR A BE R A LR

HN:
2— _ 4 o m+l
K, = bnud(22D1) _1-ajnp — [1+a & cosaj (15)
(l_¢)( - f)l—(a/nﬂ"’) l-«
F N7 R (L4) R (15) 1T LAAS B 2L 4% 0 25 [ AR S 2.«
K 4-Dy¢
Korg = Kg =(1—5W){1—[(1—¢)SW+¢]2Df} (162)
K K s raig)s s gleor (16b)
nrw — K - w|:( _¢) w+¢:| f

22. NENMRERER

%%ﬁﬁﬁ%%ﬁﬂ%%ﬁﬁ,ﬂ%%ﬁ“iﬂ%ﬁAﬁﬁﬁﬁﬂ¢%ﬁﬂ$ AR, A LABE T
REEMZ AL B SR ARIB R . T 0 XOREEE L ZHBRAER], TR E R EREIER
E%%ﬁome%Aﬂ@%&ﬁﬂé@%&ﬂﬂ%ﬁ&%ﬁ@@%%%?ﬁ:

K= (k") = (\%jv k(x) dv jw (17)

Hop v EPIHE, BAREL A -l<y <1, HAEBGRTARMERT, —BnT DLl S0 HdE i & 13 2.
SR b, ZH P RERE R R, KSR, s SR EAR Sy =1). K
I, AT EATHE, R A RS AT DL A X 28 R R A SR TS E R I E AP IE . X T WEZ LA
IR AHA RGEER, TRQAT)EA:

Ko =[ fuK7 o+ an:g] (18a)
Kew =] fuKiu+ angW] ’ (18b)

Hp Ko v Koy AR ERZ MBI BAEER K K, 23RS REE R 2 1
WAEER, HEEE R4 RS fﬁle%%ﬁﬁﬁﬂﬂ%mwiﬁﬁﬁ+¢_n
X TR XRBO m AR XL, R AR

DOI: 10.12677/apf.2022.122002 15 B R


https://doi.org/10.12677/apf.2022.122002

&
<+

[l
4

1 (n Zﬁ m+1

m ~(na’B)

V, =Y n“nill, = nfly———-—
k=0 1-na ﬁ

B LARTE [ 1y i o e | V00 FBI A ARSD T A543 SRS (AR, 52U X IR AR VAR LLRITAT 75

B LG5 P 255 [P ARAR 3 4
f :TCDfIOrOZ,max 1—(na2ﬂ) ) 1— 15, min o 20)
" V(2-D;) 1-na’p

(19)

rO,max
FHRIH, BEAREE TR AR B f =11, .
3. ARTEN

1 T 2EEAE B I A I S A R 3l AR B B B A T EETE, X TR R R S
TER, BEHAREL TR 2 SLAPRHS 1 20 BN, BRI i (1320 R I /N T 2EE M 2% 128 9] BRI,
A3 fgH COMSOL Multiphysics 2 SZAIRZREEE (1) IR ARIR AR AL o e B/ i BEL R B 45 B i LAk &5
MZH(10], Wa=B=2VH0~3745, WEH 0 BFHIKEMERSH N1, =5mm A r, =0.5mm .

K UA N 1A F oA R 6 2% A
(1) EFERLEAE A, KA. MBAERTAR 25 T 7Sl S W e, ZE ORIk B, kM

M3 i 5
(2) BRAEMNEIND, DRFFEKM G E DKM HESR, KRy 10 Pa, JikZEIEEA, V)
[ 5

(3) FEARLAMI A, FFdE RN 0Pa, LR A IRIES, FoiFy) Mk,
(4) P RENE AT, SAMNEITCIRARRS He .
Bt Navier-Stokes 5 #2485 G /K FEE T 1M SN ARSI AU, HAE s E AR T

;ﬂu.Vu)zv-{—pl+y(Vu+(Vuf)]+F (21)
pV-u=0 (22)
Horb p JyUUARE L, p R E, u Ny t IR i, | OB A RERE,  u REEE, F O

B AR 2 2577

IRV T 8 S R ER AT AR AR rp 3 F ) — RSB IUL rik, LA AR R R S A Bl S Tl i R
AR 6], 38 KPS B U KPR RO Gl SIS DT R A A AR A, BRRRE,
BRGNS I AR . EREER A TP AR, ZKF5 bR BT DA IR O A 5 AR 930
AL, FF AR T FE R 5 R

%§+wV¢:yV(%V¢—¢@—¢H%%J (23)

A S DT R T
p=pt(p-p)e (24)
1=+ (= 1)@ (25)

Horb, o AAKPEAR, —BIENO<p<L, p=0KR "M, o=1F7WAM, BEHEHIER 05 15

DOI: 10.12677/apf.2022.122002 16 B R


https://doi.org/10.12677/apf.2022.122002

i

TR %

EIAE ARG 6 NFHIEEEHIZHEG y ZARCFERBVIANSE, — ORI R S I O
py =0.657 kg/m’ Al p, =1000 ky/m° 43 B9 B RIEE: 14 =1.1067x107° Pa-s fil 1, = 2.98x107° Pa-s
3 5 SR A AR
4. RS
4.1. GEREHE

FEISUE SRR T, Kt /N RFLAR L RE N 6 =0.001, FLEREE N ¢ =0.2 . RIET7HE(4) "] LA 343 %
HH D, =1.77 o BUETHE LSRR HBA MM C3EN > XETE, 155 B EN ST IR, HAR
gz 1 R

Table 1. The volume fraction of fluid at different times in a fracture network
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Figure 3. A comparison of relative permeability by fractal model and finite element simulation
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Figure 4. A comparison between predicted relative permeability by fractal model and experimental data with porosity
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Figure 5.The relationship between fractal dimension and porosity as well as the ratio of maximum to minimum pore size
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Figure 6. The effect of porosity and fractal dimension on relative permeability
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