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Abstract: The critical issue for fluid transport simulation
in non-uniform saturated porous media is to capture the
mechanical behavior of fluids in the strong-weak
discontinuities composed of pores, fractures, and media
with  different permeabilities, however, this is
incompatible with the partial differential equation defined
by the local fluid model
mechanics, which leads to the difficulty of fluid

simulation in saturated porous media. Based on the basic

in classical continuum

idea of unified variational peridynamics, this paper
proposes a new vector state function to describe the
nonlocal transport effects of fluid in saturated porous.
Using the proposed fluid flux state function, this paper
develops a nonlocal governing equation of fluid transport
in saturated porous media. The nonlocal fluid transport
model uniformly describes the mechanical behavior of
fluid at the strong-weak discontinuity, avoiding the
singularity of local derivative at the discontinuities. It is
theoretically proved that when the radius of nonlocal
effects in the nonlocal fluid model approaches to zero, the
nonlocal model can be degenerated into the local ones. In
order to eliminate the inherent zero energy mode problem
of the nonlocal model, a fully implicit numerical scheme
combined with the penalty function method is proposed to
ensure the accuracy of the numerical solution. Numerical
examples show that the proposed model can accurately
capture the mechanical behavior of fluid passing through
material interfaces, pores, and cracks. This paper
provides a new model for studying the mechanical
behavior of fluid transport at discontinuities in saturated

porous media.

Key words: heterogeneous saturated porous media;

nonlocal model; interface transport; cracks; voids

SEN S

5



482 [l o K 2 2 MCH 9K BE 2% O

% 50 %

AR S FLB MR R A 2 LA TR
XA T I A o P 5 2 2B e A B b AL
Bt SRR R L AR AR - 55 RS, X 5 4
B35 SR [ ) AR Rl AR SR S AR AR 1) Dk o
Jr R IE AN AR, AT 5 BT B0 4 M BB Ak
PR PEAARAE X AT S LR 1244 TR

H 1 %58 19 31 375 80 71 2% (Peridynamics ) #11 R
ZIE S TR T — R R RS . g sh fieE
Silling %5 4 H 1) — BT A IE Jmy A E e, HAZ= 7
FERABU D RE , 25 GG SR N T s 22 [ AR =y 3R A
HAEH A T 28 M S R A i sk o3 O R
b QU1 SR 2 SN E i 1B i 7 po DA = W2 O
12 o FH LA R A I 24 e D
Z YR W AR SRR S R, SR
T W S A A 14 52 () L P A0 37 8 1 4 B I AR
Z LA AR AT i I 0, L OCHE A F an o] g7 22 FL
A AR AL S AR SR Y SR R R AR A
i,

IO — el T B G sl )2 fR DA
ST LB T b AT S g ) D AR N AR
Bobaru 2 1 SEE SR S8l ) 2 AR vp B X
() B AR i B AL S RN A AL i ) AL, 7 T A -
TR AR R AR 5 [R]REdb, Oterkus 457 37
TPl - WA R R R AT S 8l ) R
B J5 Katiyar 55736 F 5 MU BT 3 8] ) 24 A R 4
5 Z ALY T ARG S R SR R s O R
IEWFFE T IR ZE A BT AN 22 B IR 12447 R o
SRINT, IR BIFST 32 BT i AR RS AL 3 35 )
=PSRN | PR T T s 2 T R ) AR A R ST Y, A
IS BOLHE T A AR R B BB R IC A 1A AR AL
MR 12247 R o BEAh, HAn I & AR /g
AR TR T B L TR RS R A AR, 54
B 2524\ J5 T 2R 2 (] X I 6 2R AN T BT

BT 5508l )12 i EEA AR, AR
P2 — B RAEAR A Z LA B b AR SR AL VR
A9 Sk ) ot S PRI AR, B8 — R AR AE TR - 559 Rk
T A% o A T 0 7 22T O b SR T A R R AN
HELE G AL B SO E S, ST AN R SR
T B R S E R LR B ST R AL
B o HEISTER T 43R R i (A L b i 3R SR A
PR G TR IR TR R AR B R b o 25 3% 21
15 h ) Darcy JARRL, 340, $& H—Fp L+
il bR EOT L A R U E R Ak =X, B EETHBRIE R
TS AR TR PN TE R 2 R AL X R, A IE B A 45 R R

.
1 SRfERNIERIBETTRE

1.1 ERBRETFEHE

FEAE G Jay A 1 | 7K e 46 B S B 8 22 FLAY
Jox b AR A A DR B O T E R DA T
SPRIEA RN, TR SRR 8 1 iy
TN AR T A M S RS, IS
THEH SIS A T AL A AR SR 2 i
TEITHE

B 1 AR S A 2L T s 1R s
PRI R B o

A AR [ JE8 5 e 2200k @ W s —— B4
—-HESKE [FERHHEAZR IR 3ERRRELR
E1 FEHaafmsiliRmbsmmiziiESHEERE
Fig.1 Schematic of the nonlocal fluid transport

model in the heterogeneous saturated

porous media
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