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Abstract The effective permeability of rock fractures is a fundamental parameter for describing unsaturated flow and
multi-phase flow in fractured media, and the fracture aperture is an important factor affecting this parameter. In this
paper, to investigate the effect of aperture on the flow structures of water-oil multiphase flow and on the effective
permeability, we develope a visualization experimental system, and perform multiphase flow experiments in fracture
models replicated from real rock fractures with three different apertures. Visualization experimental results show that the
flow of non-wetting phase in the fracture can be categorized as unstable bubble flow at the low flow-ratio conditions and
stable channel flow for high flow-ratios. As fracture aperture increases, the flow channel of non-wetting phase becomes
less branching and wider, and the effective permeabilities of the two phases both increase, during which the flow

structures become stable. The visualization results also reveal the competing mechanism of fluid-fluid alternately
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occupying the fracture space in the slug flow structure. When the non-wetting phase fluid channel changes from
continuous to discontinuous, the pressure difference between the inlet and the outlet of the fracture increases
significantly; conversely, when the channel changes from discontinuous to continuous, the pressure difference decreases
significantly. Finally, based on the fractal theory and the statistical model for permeability, the effective permeability

model proposed for multiphase flow in rock fractures with variable apertures, and the correctness and reliability of the

model is evaluated by the measured effective permeability data.
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Fig. 3  Fracture aperture field and aperture distribution frequency histogram (continued)
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Table 1 Fluid properties and experimental conditions
Parameter Value
density of water/(kg-m™) 998
density of oil/(kg-m™) 960
viscosity of water/(mPa-s) 1
viscosity of oil/(mPa-s) 50
temperature/(°C) 25
interfacial tension/(N-m™") 0.035
contact angle/(°) 134
1:7,2:6, 3:5, 4:4,
; 1 fe ratio/(Q,:0,) 5:3,6:2,7:1,
water-oil flow rate ratio :
=y 7.3:0.7,7.5:0.5,

7.7:0.3,7.9:0.1, 8:0




] A8 AR T AR 2 MBI S I 5 1 RS A Y 547

%2
Sy FIAEREIEIAHUIFNE S,, LA SAT RAIBTE %
kew = krwK = pw QwAPL/ A (33)

kenw = kw K = ptnw OnwAPL/ A
M, Koy Kenw 20 5 AR AH ARV AR 19 A X020
B, ks Ky AT IAHOVBIE 2, 1y, e 73 00
TEAH AN AR AH )3 ) b

2 AILERKRESR

21 TBFERRTEZEESRORENEN

Bl 4 g T AN [ T 8 R = 3 9 A — 3 3 A
PacfE T~ Z AT sh Ak A . Horh, 20t o AR
ARG UK, i A . AR AR SR K 2l
A ATRHL, TR 2 ARS GE PRI 5 R

(3b)

(bubble). FEZEV (slug) FLEIEI (channel) iX 3 Ff
AR BN S5 RIPT. MIRE L O, Oy BN, 24
BRI AR sh g5 R, T R IE S RN
FHUAAES:, SARIEE M ETRs) (K 4(a) T
HE). SR1M, BEE TR L Oy : Oy MUK, 247N (122
FHVB LI B 45 0 o AR A8 A . 5 AR
WG AT, AR AR DR IS TE AR 8)
(Kl 4(b) T RELRHE). 5 LU0 IR, FIR P 8l 45
ey, i dE A A et AR S ISR BN S A L Bh
T 3 i 0] AR AR A IX S S LR AR R A
WS, BEE R R Ony : Oy BE— 8N, Wi sh 454
FEZE U AR A BB . A ZE AR L, A5l R 5)
gl b, RN A 75 2R P Y % S 1) T 3 18 T
(1 4(c) 1 HELRHE).

<b>/mm
0.42 0.52 0.60 -
= ! ‘;f“j—é-“
K
a bubble
. P
. - alia:

& "‘ "A '“\ o "
v
&
z <t
ST

S

on
-
o
e
:
)
(e
™
f o~

4 AT LA T 4 AR 2 ARSI 2h 45 H AR

Fig. 4 Phase diagram of flow structures in rock fractures under different fracture apertures and flow-ratios conditions
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Table 2  Error statistics for the model performance
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