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Numerical Simulation of Foamed Mud Seepage Based
on PFC-CFD Coupling
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Abstract; Based on the PFC3D software, a one-dimensional foam mudstone seepage model was estab-
lished, and the fluid-solid coupling simulation was carried out. The dynamic adjustment of bubble particle
size was realized through the FISH function. In addition, a continuous grouting algorithm was developed,
and the uniformity and continuity of mudstone distribution were verified. The seepage process of foam
mudstone in soil layers was successfully simulated. Regarding the problem that the formation time of mud
film is difficult to determine, three types of calculation termination conditions were proposed. By compa-

ring the results of indoor experiments and numerical simulations, the rationality of the model was verified.
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Fig. 1 Schematic diagram of fluid grid arrangement
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Fig. 2 Schematic diagram of bubble magnification program processing

FESRZ W/, T B AR R, R IR
(RN po , A St SR A p,, ARAE X (3) AR A
HBORAL T iL/1 000 AYEAR, T (4) B Al 5
HIHE L/1 000 KB RT ORI R B,

3

C
iy = . (3)
@ +L(pe - po)
Po 1000

(i-1)+ (1001 —i) 22

/= Py
i+ (1000 -4) %

e

A 1<i<1 000, C KR EFE

A TEE 3 L BRI I 24N, BB AR
RV, WE 3 Fros, 46/ REH da S R an
T ER BT R, YA R S R Ok
MHERECR T 1 i, RIS IR 5 P AS S A
A 2 RIURE A B i, 412 S IO 1 AR 6 I
ZF RN 99% , B B HRL A2 W -3 1k e 3, BV il 2
BEABCE T EUNT 1, R BUE T, IR TE
ofs FEE 8 K R 4 B 51 40 2 T 2 K DL S PR H
NS

A5 Uk Al
BUNT IR RARARAR

O

5 R
gk T, @ O O
BRI RN AORBUR

K3 s/ NE R SR
Fig. 3 Schematic diagram of idea for reducing the size of bubbles
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Fig. 4 Schematic diagram of the realization of continuous plugging
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Fig.5 Schematic diagram of continuous particle replenishment

WIS M e SR T i R O R 2 A AR
A, BEE AL 6 JI7 735 0 SO0 000 A TR SUR D0 DX Jl R 0 -
K, 985 FISH pRAL, 145G PFC ) “ measure” Fll
“history” i A #E TR %, L2 KE L5
10 AW X3k, A F% 5 000 A ) 255 S — 1k
5 LI DX 358 P OB K i 1) A8 A B0 . e S L
BN A 1 25 S BAR M L/10 (DN Bk, Y
T BRI A 1 R ERLS | 23 i SR A ¢



40 Wodb TR R ol (A R OB 2 R

2025 4F

WL ALTH O\ Y TH)
e Hu 2 DX
1
|
AL || X (X W0 (| X |
oAU IR TN IR R TR TR R R
DEIX ] IXC| BB IXfXPXC XXX
By | B BR[|
c L 23| 4]s|e|7[8]9f10
1
1

L/10
(a) FLINARTET . NI X 39 A7 B

A RTINS R R

1.4 EEMEBEITELILE

fE5 0 —2E AN B AR F LIk 22 8 FRR A
LObSMF, RIRIE R S8 B L RiEF A,
T ARSI E T = R T 2k 40

(1) MIE MRS, G2 F Ll #FERK A
] A (B TE] 5 000 AN ) 4 ) 00k i £ B iR 4
M0, A0 B A A HE LR A 2 U2 B 8

(2) g L ki 2k ok 2, Wiz &0k, 7E
S VIRV T RN A B v N R R
Ko TEREFEIT R 8 5 RS Ge T I T £ Uk Y
TAEH , 24 2 B v+ Uk % H A i fe o A=
R A Ok B H B R L, P E T BR
G,

(3) BRSO A , MBE Lk, 5 & iR
FERCK I (B PR TH TC 75 3 96 £ 2, T RE & 301
B2, TR A R, I, R
Th SR HER B — AN B R E] (A SRy
200 J7 A1, R 400 AR IRFE] ) 3152 I

M6 DL B =R ARz — WA PRC 1
solve fishhalt DNHEL (R ARLEAT

2 RESHWE

ARG 3 MRS HE T 0 O N e Bk S
B, FERLE R a2 B B = AR g B AR
LA A, R A R 3 AR TN A T X
W, BTN, LU E S e
R R 2 B LA B b A TR S B0 A e
Ik,
2.1 BFHSHHHE
¥ Uk e 5 DR 2211 o U A | R OB I A O T

L
(b) JEERA E
P 6 UL AT ORI DX ds i R A

Fig. 6 Arrangement diagram of observation cross-section, observation area and measurement sphere
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Fig. 7 Particle size distribution curve of bentonite particles
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Fig. 8 Schematic diagram of linear elasticity model
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Tab. 2 Comparison of numerical and analytical

results for the single sphere sedimentation problem
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Tab.3 Comparison of numerical and analytical results

for the water flow through sand bed test
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Fig. 9 One-dimensional mud infiltration modeling
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2 every 0. 1 seconds
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Fig. 13 Slurry seepage conditions before mud membrane formation
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membrane formation
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Fig. 17 Mud infiltration amount versus time under different

pressure gradients ( numerical simulation)
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