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Particle-Fluid Coupling Algorithm Considering Dynamic Fluid Mesh

HE Jinhui, LI Mingguang, CHEN Jinjian, XIA Xiaohe
(Department of Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: It is generally difficult to consider the fluid dynamic boundary problem in the traditional particle-
fluid coupling algorithm, causing calculation errors owing to the mismatching of the fluid-solid boundary
and affecting the accuracy of the results in the modeling of large deformation issues. In view of this
problem, the dynamic updating method of fluid mesh is introduced and Darcy’s seepage equation and the
particle-fluid interaction equation in dynamic mesh are derived. Based on the discrete element commercial
software PFC?”, the particle-fluid coupling algorithm considering dynamic fluid mesh is developed. The
proposed algorithm is applied to simulate the undrained shear biaxial test of saturated soil. The comparison
result with the constant volume method verifies the effectiveness of the developed algorithm. Finally, the
algorithm is used to simulate the undrained biaxial tests at different confining pressures. The law of the
calculated results agrees well with that of the laboratory tests. By considering the problem of fluid dynamic
boundary, the developed algorithm can obtain the fluid-solid boundary matching in the simulation of
triaxial compression test and one-dimensional consolidation test or other cases in large deformations, which
can help to improve the simulation accuracy and offer a theoretical reference for similar studies.
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their stress states in a fluid mesh

1.4 B-REBEEERERFXH

AR A AL R LB . O #EAT S
TEARIL B FE P 4L 2 R AT $2 T - 243% 1 22t R i
] Az, 55 T B0E B RS 5 ] BR I ] Az B L AR 41 0L 4
T 0 S R R RS 0F A 37 5 e 1 a5 JRE AT BT
@ TEHHE 0 U A A% T R ik RURE IZ 3 5 1R 1Y
PRBR S  IF ST FL K TR 1. © AR 4R 3 A% T 1Y
EIE IR T B I 5 B Wi 3 AT S 8. @ Wi N
P8 ORE 5 DR 285+ B30 30 MO0 JBORE 69 4 70 0 9 LAAB
T3 0 T 45 A WORE L S8 5 HEAT — AR, Bk
AL 3 iR,

A

TR AR o7

v
R )7
ROk i

v
I TAAT
R TS

B3 fAEmRBERER
Fig.3 Schematic diagram of coupling process

2 Mr-RAEBEEERIE
2.1 REH&

HETETEEE R 10 em B R 20 em (4R N
P IR i LR 2R 0. 16 AR BUaURE L 28 B 0k 5L B R
1004, JUFE 9 UKL 9% e ith e 7 = an & 4 B 7.
Hed, MR E R w AR EE T B RN TR BUE W
UKL BT (7 B 3 B SR FH S 1k i A R T 40 % S
HER AN HE K B U1 RE S A K TR0 S BRI 3% 1
PR,

AR AR S R RHI I 100 kPa A 2 17
AT S B AR 1 25 18] [ 45 . 2 )5 . 44 4F 100 kPa fi [
JE S TERR A A5 T AT AR HEZK OB R 56, L o 3 AR A

1001

3.0 35 4.0 45 5.0 55 6.0
dp/mm

4 UKL h £ 1K

Fig. 4 Diagram of grain size distribution



55 6 40

AT HAE 5 - 4 830 A ARk P A 0 BB - AR A ik 649

R 2.0 GPa, B 1000 kg/m®. WU izt 5 £ 7%
N EANE S BRI ARt X BN NI 5 A it
IS mm/s B e in A8 R L [ s 3 g 4] R BIL DR
5000 1] Bl & 1 i on 2 R v i 1 g R AL K
JE 3 KB o) 1 A48 45 T S 2 04 % LG A3 A

x1 BRSH

Tab. 1 Particle parameters
TR 2 5 I fE RS K L
Wk / (kg » m™®) 2500 |[BIEAIEE/(MN+m~ 1) 100
I/ NBURL 42/ mm 3.6 || BRI 0.5
B RIBORL ELAR /mm 5.58 |[BBEMREH/ (ume-s D 10
R/ (MN - m~1) 100 |SREERTIR AL R 0.16

g
[ElFEEEN

5 Rl e A5 R R R A

Fig. 5 Schematic diagram of biaxial test model

2.2 EUHRERE

AR R B R R 25 18 K Z [A) AH B VR FH L
il o {E R T B AR R DL 2 R AR B S e AN HE K
YOI W TR A SR I R E.

4R FH AR B B 3 g A R A RS A8 Sk
BREADURE A B AS HE K AT AL TR 254 il 1) o 2 5k
Ko, B THSRAS B A AR 1) B o, B R E AR 7E AT
R AR A AR R ORH7 A S RIARFRN A2 e, Ny
(OEREN)

_ 20,AtW, — 20, AW, _
w.W,

K. W, W, 535182585 2.y 7 A9 B i o
QOIS H .

0 (20)

€y

v, = —v, 2D

y

ANHEAKR B Y] 58 H L e SR (B RS o
Al RARFEN BB o = u+0' = C (uMs" 5351 R
FLIR K I 3 R4 B0 T1 - C R Fo w80« I w 7]

UFER R u = o—o . FIRBUEBBUAHEK 3T V13K 56
W BRI 2w = 0, 0L} 6 = o' (o' R IR [ 45
FEO S 2R B B mT 3R A5 00 3 (9 A 808 ) o s DR T
BeoRAGHE—BH 2 w = o) — o).
2.3 FERMLIWIE

L6 T 7R o i AR FR R R G v 8 LK R
XF LGS B v, Sl ) AR e SR 00035 B 30T 7 2 Y
LB KR . AT LA L PR 7 3 AL AR 3
R — 30 BE TR . W) I B 20 X 2R T AL SR
S R & AR AR FR B JIK L L 32 W I 1 A8 Dy L.
G B S - AN HE K B U4 T o —EL

-~ - HREY
— ik

4 6
ea! %

Bl 6 HEA AR R I T B L BR K X L
Fig. 6 Comparisons of excess pore water pressure in

coupling method and constant volume method
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