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A model for predicting gas-water relative permeability of rock media based on
fractal dimension characteristics
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Abstract: The relative permeability is an essential mechanical parameter characterizing the two-phase flow of rock media, and
how to obtain the relative permeability quickly and effectively has become a critical issue to be solved in the current studies. A
fractal analytical model for predicting the relative permeability of two-phase flow is developed using the fractal method to
equate the rock pores as the capillaries with varying sizes and establish the equilibrium equation for gas-water phase flow based
on the momentum balance. Then, the influences of the pore structure of the rock media on the permeability characteristics of the
two-phase flow are studied based on the pore size scale and the tortuosity characteristics of the flow path. The relative
permeability curves obtained by the model are in good agreement with the relevant experimental data, which verifies the
reasonableness of the model. The results show that the model has better accuracy than other relative permeability models. The
permeability characteristics of the rock media are related to fluid properties and pore structure. The smaller the fractal
dimension Dr and the tortuous fractal dimension Dr, the larger the permeability of two-phase flow. In addition, increasing the
value of Dr decreases the relative permeability of the water phase and increases the relative permeability of the gas phase. The
model does not use any empirical constants to calculate the relative permeability, which avoids tedious data processing and can

be effectively used in engineering fields such as shale gas extraction.
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Fig. 1 Schematic diagram of two-phase flow model



%7

fLEERR, 5. ST RAEEURHE A A BT KADRHSIE R BN BT 7 1423

Wi I A LR A BT AR B, BRI,
SERRINE M ATRHIEEIE R e/, A oL
R T EEET 2 BHE BRI A AT LRI R

Nuxamz(%?if . (1)

X N AAEKRTEET ARNSEBMES: AN
BRKBIME LR DeNFLES A YL, (F 4
M, 0<Dr<2,

BT A AL R E R A mEARY S, F8E
YA FLAR AT AN AE A ~ A +dA BRI TE PR /N Bl 9 2
o Bk, 3 (D AT LA SE ATk E, XA KT
4y Al AAR 3

~dN(A)=D A" AP 0dA )
X, —dN >0, —dNV FREBEMEERE LS
kgD 2 (D B T AR AR BAE SR
SR RELLRSER R A BRR (D Frga,
AT LA RIFLATE A, ~ A, TN B0 BN

Dy
NJDZA%{%MJ . (3)

Rl (2) BREASL (3D ATLAfG 2
—szDf/ln?gn/I‘(Df*”d;t o 4)

SESL f(A) =D AR 7P L £(A) ABHE LIRS
AR LR, 2

A’max ﬂ'mm Df ~
hmﬂmuzp(%J ~1 . (5
i, 30 (5 Bl R (A, /) =0, XERHEE
W I KL KT H R hMUE. B, 540
W —F e AT 8 LHBIREE € = A [ A+ 3N
(5) mTLAfRfE N

L?“j(ﬂ)dlzzl—ngzl . 6)

UbAh, HREWARSh I M, BLRAR T SPR
WK LSERWKSE Lo Z MR EXRR. Yu &>
TEXS 3 T 2 LA R I AR Fa i, IARTE 2 FL A
(1) 5 bRt Bl 5 R WA B 2 ][RR 1A 2 T e 1
BT A A2 MR Z AT, RIIERRE R R
ERAN RSB RE R IRER . ik, Rk
(152 bRt B0 1 JE AT DAFRIA

L=, (7)
X D NITHEESEY4ER, RAEFLBR T I FESE .
MR, 1<D,<2. Driffii#ok, £UEamE
A, Y Dr= 1K, KRR ZRE T shigis
ki, BAE T DEE—REE, £ Dr=2 KR

AR, RYIBE AT RS,
AT

Y TEHERL Dy AT Dy W RAY Sl A R FAEFLBR 1) FLA%
KNAR BN ERAR R B, e T DU I 2 #0720
RIS . Peleg 2531HET Mandelbrot $2H 1) “4 7 &
RN T Blanket 7%, 18T HRKRE UG GRE IR T
BRI TE4E%L . Panigrahy ZFPY250R T 2 70 &4
A E K R TR AR N o Saafan 2504
SRR EUR AL BT S G, I R A A
HI T EHR 1) LA A5 Bk R R FLBR S5 M KR e, FHEH &
THEETHE 7 FLBR I IE th FE 0 TR 4ER I Ah, Yu S5 20
FEXT 53T 22 FLAY S5 BRI 8 L T 43 TR e384 FLIRR S
PR BFEN, IR AXMIHELE RS S Eakrt
B RAT IO, Bk T AR EE. b, 3
YEH De A1 Dy 5L LRI R R AT AR N

Tizhigie b

D =d-1 | (8)
Ing
DT:1+1n(1+1/1—¢) )
1n(L0 /ﬂ’min )

A o WAL 4 NEJLRSYER, £
YA, d=2. Bk, 1EXSTEE A KPS T
For, WL AR (8), (9) KREMEFLBRIIFLE
T AL AR SN A2 (0 1 i E

2 MHEXEERRENET
HA R IR FLBREE ) 2 S AR R RS T
15 0 AL RO RGE AU B 40, W] Lo
L A P AR AR B A IR SRR 7T AL R A5
XNBUAIREI o B ARTLE & O T AR BN AT AT &
PUR 26 & LB K ARG A ik @
PIARTAEAL B i s =0 B0, JF BAR TR e IR
& OUEMUKKIPEFURIEER, W& Z A RAAM
A% @RI AR AN 7 [ KT 1Y, N B ) AR B
s Q/KITFLBREERAD, UK S HRALB N . P
FRVRAE £ A FLER A IR SR R B ] 2 s
AR Tl

(a) BRI M



1424 "+ T OB % M

e[k

(b) BANERTE (AR 51)
E 2 mERsEREE

Fig. 2 Schematic diagram of two-phase flow structure
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Fig. 6 Variation of relative permeability in relation to saturation
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