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Analysis of imbibition—displacement mechanism based
on random variable—diameter capillary bundle model

GAO Tao"?, WANG Xiangzeng™?’, WANG Meng', DANG Hailong"?, LIU Fangna'

(1. Research Institute of Shaanxi Yanchang Petroleum (Group) Co.,Ltd., Xi’ an City, Shaanxi Province, 710065, China;
2. Shaanxi Extra Low Permeability Oil and Gas Field Exploration and Development Engineering Technology
Research Center, Xi’ an City, Shaanxi Province, 710065, China; 3. Shaanxi Yanchang Petroleum
(Group) Co., Ltd., Xi’an City, Shaanxi Province, 710065, China)

Abstract: In view of the shortcomings of the equal-diameter capillary bundle model, this paper theoretically derives the multi-seg-
ment imbibition formula of the variable-diameter capillary under the liquid-liquid system considering pressure difference and solid-
liquid wall effect by using the sectioning method. In addition, the paper studies the influence of changes in different capillary geom-
etry and fluid properties on the imbibition-displacement of the variable-diameter capillaries and develops a random variable-diame-
ter capillary bundle model through Python, so as to deduce calculation methods of the recovery and water cut based on this model.
The results show that the increase in pressure differences leads to the decrease in the differences of the imbibition velocities between
variable-diameter capillary segments, and the imbibition-displacement of the variable-diameter capillaries is directional. The recov-
ery and water cut calculated based on the random variable-diameter capillary bundle model are in good agreement with the real core
displacement data from experiments, and the contribution of the imbibition effects to the total recovery reaches 19.97%.

Key words: variable-diameter capillary bundle; imbibition-displacement model; moderate water injection; ultra-low permeability

reservoir; tight reservoir
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Fig.1 Variable-diameter capillary model
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Fig.2 Relationships between imbibition velocities and imbibition distances under different
calculation models of two complex capillaries
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Fig.7 Random variable-diameter capillary bundle model
under different porosity and tortuosity

M B A4S AR A Bb , L B S b s WL BRSO 2
¥ o e T I T REAL AR AR B A0S AR [ R R
FE S KT B o i B O RUEE R B - I
Bl e,
32 RHBERESKERA

XL AR AR AR o ) AR AR AR B AN, R — ] ¢
T, BN P AR A TR R K BLR L AL
Hiz b B4 A2 R r,, WAEIZES ) 56 i AR AR B




-106+ 1 W A S B R G 3 20234F9 H
A KA B AR R R = - 4 r
szfiwﬁ4+J%w¢&M (18) 2T
j=1 0 10 F
H T K AH A RS T3l AH R L AR, D SR fige e =0
FASRBANE A ()R KA ABUER AL BT &
ST R T AR B AR MALR R, Wi T
SR AR RS B AN AR FL(E B R R R 4
Tk N 2 b
LT f:mkztdlkt 0 100 200 300 200 500

R="—— (19)
z‘zfrrrj2 L,
i=1j=1
[ R, o T o AR B Rk X
zBiTrrezndi,tvendi,L
fo=T— (20)
z Trrezndi,t vendi,t
i=1
>N EFI:
Bi:{l tou<t (21)
0 Lo >t
FRAE 1% 2 e B (20) AT AR A
zBirZI\”Ivi,/ﬂ
fo=o—— (22)

2
zri,ktvi,kt

BN i IRBANE AR B PIRES S JE il 3 i iR
BN 1350 DL KB 18] £, 5 2798 W ] AE XK
/NIAE , 2 B=1 I RIS iR B AN A 77K, 24 B=0
2T 4 AR B A R i)™ o

4 S

e HCHE 90 F PR X 3 S &2 K 6902
Aol 4, HOF LB 10.9%, 3B B R
1.53 mD, fLEEFE A0 A an & 8 s o X B BEHL AR 4%
B AN HAE A ) BEBCN 50 ~ 100, 70 K R 0.05
m, IR 1~ 2, BAE 408 10 000,

H4 B 8 LB AR 40 A VR B A4S A 1 A FLBR
AR AT B0 B AN AR AR TP A5
(i) B, 300 Ao X6 B 2 LB 2= 428 0 A7 S I FL B 1) 7 =X
RS o3 SEAL IR, 45 21 B 445 R 2 FLBR R A
MARITAL, i BEHLIAS AR B4 AR R AR TR B
YA HOR R B R SR R (E ) W LA, B
YA SR TS B R R TR K B B S SR
B 225K, BT BAEH 1R AR 0 h &
KA E AR BOR, BT LB A o 1 TR BT FLBR Y

LB 42/ pm
8 KM E R XK 6l EEOILEFEN T

Fig.8 Pore radius distribution of Chang 6 core in
western Yanchang Oilfield

100~
80
S xX
53 oo :
EﬁM
%
Hor a0t g o SRR ELR
K — BV R UK AR
— B 2K AR
20 — EBHERIGKE
— B ARG K%
1 1 1 J
0 100 000 200 000 300000 400 000
W E]/ s

9 AREHAERRHEERSKENEN

Fig.9 Change of water content and recovery degree of
different capillary bundles
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