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Abstract This paper presented the development process and applicable conditions of the classical seepage mechanics theo-
ry-Darcy’s law, and derived the mathematical expressions of Darcy’s law in capillary seepage and fracture seepage in porous media
from the Navier-Stokes (N-S) equations. The paper pointed out eight major problems in the current application of Darcy’s law and
comprehensively analyzed the main challenges of seepage mechanics theory in oil and gas field development. In response to these
challenges, this paper proposed a series of countermeasures and considerations. The paper emphasized that constructing multi-
scale, multi-physics field coupling models and leveraging Al scientific computing is the only way to reveal the complex and real
flow mechanisms of oil and gas reservoirs and fill the current theoretical gaps. It was suggested to further develop high-precision
experimental techniques such as nuclear magnetic resonance, electron microscopy scanning, and intelligent data and image
processing to visually demonstrate the behavior and processes of fluids in reservoirs. Finally, it was suggested to use experimental
research, the establishment of new theoretical models and Al for Science to innovate and break through the current challenges in the
theory of oil and gas seepage mechanics. It provided an important reference for universities, research institutions and researchers to
carry out theoretical research and project establishment of petroleum science, and it can also provided strong technical support for

the scientific and technological development strategic planning of oil and gas resources in China.

Keywords

seepage mechanics; darcy flow; non-darcy flow; tertiary oil recovery; CO, flooding; relative permeability curve;

multi-scale modeling; multi-physical field modeling; Al for scientific

doi: 10.3969/j.issn.2096-1693.2024.03.033
0 55

TR 207 T 70 Z4- AW R A = SO
%, HED2 /2t R stk e 2 SR m Mz SR,
AT 70% F 0 5 KR 538 70%, AIRIE 3 T H 2
27%, BRMA L 8%, W LIME L 24%, 1015 H
X5 1%, &L, 2ERIFIMFEERCE R 36%,
FEAA RPN AR T 469%, HoAth i A S50 R Ui
AL TE 22%~29% Z [0], Rtk 1) A JH B 5 ATS SR B
LT . HET, FE I B # A = E KR
SR FREER R BB, T 2 A T 0 i
A OIEE R, TSI T B2 5 DR RSO AA J2
R e RE R, AR LT, S %
R, Fafl 8%~10% (™ Bt g%, If-dF—RiR
P R CR R T AT 2 AR, st
X—HbR, WhZTE I HE IR 2 g S R ASCR A =
YRS | FRIRE 3 K BUR VUA AU 2t )2 Tk
BB DGR RS RS, FIERA Y
SR BN AR S I R S0

AR SRS A IR 27 AT P K A7 A A1 o A
HALK VGBI . BEWIK/ 2k A 9K R 6 itk
RN T IR AR AU SN . CO, YK CO, 5 R
(2 2 FAT R RN SO SRS SCR A5 IR . R 4B iR
BE T A AH XS 85 2 1 42 D 2t K 5 A i SRR AL B A S AR
BRI, py 3k 2 (R U XY i 0 BRI AIF 5T A S 56 v
AT RN LD, B T R0 RISCR A = . R,
BEX B R BB DL BRI S LA MR, Ry TR A A
R KRG G EB RS RE, O NI B R,
ARG T B R & P BB RS U |

FELEM) EZHe PR, P2 RYVEE SR REW, U
WG I E AR T 25 Gis L i o . R
LA g4 ST F ALRF2EE 5T 55 (A for Science) ZE % 7S,
B e b HEnE 2 kL, 3k E I
SUCRIMPRE R . RRIIB S ST T AR s
TR PR R 2= iy PR S SRR S, HIE RS
FKEIM AR 2 E RAEH .

1 BLSHLIR IR

KWLk, iR V0 BAE B )2 1 2 S pl
M Z R A, R0 AT & T AR A T
PRGN i 2 A, SR, IRV F o e A A
(o 3 TR 375 R 0 B0 i 2 A IR 3K 7 it
B HI R B35 2 I AR IR VE I 3l AT 3B 3 2] 1965 4F 1Y R J5
1 2 5 R 4 2 1 B 52 38 SR 1967 AF B8 b ) 2
Scheidegger™ i) %3 . M 20 22 80 4E M4, fik&
375 Y FECIE 3K P 8 WA R TR 2 S A
1986 FFEFLIE = AR T (ARIRPURHE B T AT 5 AR
SRS ) —3cM, 52T F N 2EE AR A T B R
AN, % SCIRIBT 25 H T 1 398 I 19 Forchheimer(
RMEER) T RE, ASCH R EE R AT A4 BB T B AR S
PRI AR 2 i R AR TR PE 8 it 10 R AE 7 R
JEAEIRPY Ty FEREA B —FhE R, 80 4RSI & H il
) — 2 AR AR IR PU B i 1 — S R TH 5 i AR AR
A3, VAR 5,

REWIRALFE A IKE = UCR M f g, andg
BB A W= B K R I AR B AA, T DL 200 2k
S A R/ INOT BRI SR A 52 o (ELRR i R PG FH i 21



MG 12 B IR B A PR 5 0 3

451

WS R I, SR R AR A R SRR
FIHbTE, AR T R A WA A R S B
EA R FAR BRI A, XA, IR PE A
BT AP BEER , He Kk PG 8 A T AR A & LS
AOIFRENSE, AR, 2000 4ELK, B B -4A YUk
20 A R A BT RS SR A AT R AE A PR B T R R T I
BT BATTRR R HAT B R A I T
HEBR RO WA T I L FLR AL KL B i A4
FIE R 5E 45, FRAYIIMAS B sh 2 R B s
o ok, BheR R, AR AR, oK
TMACR I s K R B B R E AR, BRIk
VR L AR S IR VR A BRI R e 1820 R A WA
PR, T AR A 5 — T I By R, A
FITFFEATMA T s, SRR s 2728, ko as
TR 3L [F] S A2 R A W B B S R E T 9K AR
ARG, HRT, MCERISHTIE pR AR B i3 5
BRI EAEE A IR B T

1E.CO, IR AR A, CO, 5 MR A FEt A 24
B, —UIRM T AEBURZ OERILE Z —, Bk
F CO, St & A P FL AL 2E VR, JEh
R IR A A (SRR ) B CO, h, R CO, 7 fif
SR, DTS2 i AR AP, kAR A K
(A 20 4 B Xt 12 v D il %) 7T s M R MCR A 3
SEMR T KR AR AR AR N 5 % RE LA T . [
B, CO, 5 I AR 50 T BRI B . B AF,
W R AN CO, ST & A Ak RV, 3%
S FRAR S R AR T L BRI RARAT N S 2042
FAMPARR R, 8BRS AR T
T B CO, 55 TR A W 43 A R B 21 il R Fa e
1M B A AR AR RO AR AR A, SRR
TRARAS AR I 2 1 2533, JEvhMERf i R TR A o i e
CO, 5 IR A e I 1) A 3453 43 A7 1 2 B0 3k I
RORFEAIG,

AR, BBV IR A R ™=,
HA KRB RS TR B ERMEA A 7E. HIE,
HRBERAEWIK, hFEEY. CO, IRAHBRAT R A
KB HRESEM: KK H—K—#2
N2 AN = i 1 b TS W N T ehl A
PL, FECO, 55l & B &Y 5 Fm e 2 44 i sh 4 5%
T, BMTFRAEMAEAMEEN, RSB T A AL
SR KRR TR 2 A AR Ak, DN il A A 838 2R i 4R
R e, RS AR . 7 CO, SR R
H, CO, 5 AAHARTT o S 5K g D R e A
MR A AR, XA S X A XS 3 R i 2k

AT, EREY S AT EL T, W
TREWWRATT N, BREWnTE. . FES
HZEBARE, MIXTEE R Lol R JEL M E AR
SERRE. PG, R SR S50 Hh A I 5k 26 2404k
KGR AR AL, H RTAHXT S 7 e il 2625 TR 2 BT
A A R EE K% RS R R B e
IREE G R AR X B i R R R R &
Mo BRULINTAN, 25 R b 3 DR ZE 50 M A X2 i 36 T 2
SRR S AR AL T3 1, O T HER 3RS
X IEFRML, TR RS kAR, Wt
R te K B (R4S S e DADR IR ST 90 B3 1) il e R
B

EF KSRGS G, REEHOKECR G
BT 5% B AE TR T A BR AR TR R I 2 2, RS
JEC BT S5 T AK M IR A A R R A K
H A T I im 5K S50 5 RA W R A AR . 5k
AR A SIOUL IR 5 e R (B A il ) 3R IRl A A R ek
AT CFIAS SAILE] ) . TG E 35 BT X B v i 43
A3 15 0 B A AL SRS ER A 500 W],
BRA AL A 1) AT A TRUAS RS B 1 A8 5 A T 78 52 4 AL
BREE A i o3 AR A N Sh AR A R,k DA 4 TR 4
FRATIAE PRI IR A R AT, BRIS b N REE
FEIR A S AR TR AT A IR A LA IR R e A

2 Bh)IEAN S IS K I e A AR [
21 FEHERMNFES&G

KV SE A S 1856 4F H ik [ BE e K F R k0
(Henry Darcy) i 2 it A Uit i JE BE S5 00 )2 M 11 2 44
BRS04 A BT, xS A T A o 2 AL
FTRIB GO, R T RARTEZ LA BT i s,
A

v:—kgradp )
Y7

K, voATAHE ST 2N TR, m/s; ko 2L
ARRBER, m’; woh il 2 L0 AR
Pa-s. gradp NEFERERE, WAKTEZFLA o rp B K
ERYERE, Pa/m.

IRV AR, TS R E L, 3R
BIEREA, FHEGA, FFE, WEd 555 R
B, XEWEBEFEESAT, s, A
TOERC ) N H T KA. A TREMAE L
TRRSFEZA SRR S, TR AT Z LN
Frr AR Bh A, TR VY AE 2 LA BB TR



452

fihBlEER 2024 4E 6 H 9 BE 3

A RAR AT

(WA BEAEAT: 240 B RA & i FLBR LA,
FevFR AR

QB A BN Y, LB
BRI R, RFEE

G WARNE T : A S AN 0] s 4 249 S5 B A A
7K, HEEEMEREEE.

()l AF: WA R, AR Bl N2,
AR A7 EAME AL,

(5) AN RARTEZ FL A B I Sl e 1 W
s EE R T

(6) BN R BT : 3L 1A T 22 FL A B 22 0] 2 A T A
WL B AT A B B~ BUSEO

(7) 220 T ) B A0 T B 50

sEaldE L, RV E NG TR O

(1) AL B AR S a5 1) Sk A o

Q) AR A A

(3) WAL B A AL o

(4) WARFNZ AL B Al i, AL, W AL
B E RIS AR B TR A AE A o

(5) WA ZA LA B A A~ S s B P

22 FEEEMNELES

IRVEE R LIRS LA [ 45, ik R AR 12
IFEAS T FEN4E T v 1 (Nava—Stokes) J7 2 BV

p%zgp—Vp+,uV2;+§V(V-\j) )

}=§

%%Eﬁ&ﬁﬁ%ﬁ@@%%%ﬁ%ﬁ%lﬁﬁﬂﬁ
AEARV -v=0, XFE, N-SHFRAIERH

Vp=uV>v 3)
L, g——FIIMEEE, m/s; p—— IR, ke

>

\ N
NEEEEEE SETEEEEY S

o

=<
~

By

y-— 2
-\

-
-

y¥

1 REEERERHRIRE
Fig.1 The flow model of fluid in capillary tube
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