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Advance in application of molecular dynamics simulation in polymer flooding
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Abstract: Traditionally, laboratory testing and measurement are considered to be the most reliable characterization methods.
However, in many cases, due to the unclear understanding of the sensitivity to the range of reservoir properties and local changes of
heterogeneous reservoir properties, and based on the oversimplified assumptions, the feature prediction obtained by this
deterministic strategy is highly uncertain. In recent years, molecular dynamics (MD) simulation has received extensive attention in
the study of reservoir rock, fluid properties and their interactions, as well as at the atomic level. In MD simulation, interesting
properties are extracted from the time evolution analysis of atomic position and velocity through the numerical solution of Newton’s
equations for all atomic motions in the system. This technology can help to carry out the computer experiments which can be used
to do the experiments that may not be able to complete, with high cost or very dangerous. In this paper, we review the MD
simulation technology and its application in the study of oil displacement mechanism and properties of oil displacement agent, and
expounds the theoretical concept and program of MD, especially in the analysis of polymer flooding. It will provide useful
guidelines to characterize reservoir rocks and fluids and their behaviors in various reservoirs, help to better optimize the operation
of design and production plan, and provide a theoretical basis for the development of polymer flooding technology in oilfields.
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Fig. 1 Interatomic interaction potential™
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Fig. 2 Main simulation box and its imaginary replicas in

periodic boundary conditions"**"

JI R 5 AR GE—73  Feri o FEARAUAE , J4] [
WG A R 4

123 #AfaAoFik

7 MD B T 5z B Tl B vk 2
— & Verlet A, HIEA N AUZ I 255 =B 28 )
JRFF AR . Verlet FIEUERM o€ H ) T 41T
THEHLE MD {5 B I, sk, TR AN
S R AN B SR BRI B A BT B
I Verlet B THENLN TR IFARPER o Xt Verlet
L AT R | AT AR B Bk (leap—frog ) 5412, Hrp
L P A R 7 S A I ) TR, AR
TR DL E AR A S IR 22 1L
Verlet BN, S TE TS SR 5008 A TE
(] —Fsf 221, AH 22 Av2, A6 e Bk, 34 0 AN R[] 1 oK
THABEMZNRE , HIARE HHORTT MBE R . Verlet 1A
1) o5 —FhAE RN 7 1k — B Verlet 55.3% , AT AR AR [F]—
IF 22 A R L IR 32, RESJCA: BV A S B, T
HHEE Verlet 50 & HNAFTRAK  (HE B AE
TR MR T Verlet B MBRIEIE™ . Y MD #2
P SR A IR TR A I it 7 B A e ) P —
KOAETT R RRL 73U . ke i —4
LT AR B A8 DL T — I TR] 25 T35 Y )
PEAT IR EERCIE o LA B D5 B i RO TR R 52
DA b4 K (R B8 TR 28 s e ) Skt e+,

124 %itz2%

BTG5 R IR R GEROR
SHPFEE, o S5 21580, St R4t
o — BRI 2R 58, AR Z AT BERPIR S 240
G, SRS — LY AARAFHEAS , it o i B 5
FEM, Gt REEEER FIE A AT RERY R GRS
BRI, FENGITREAHEN RS (NVE) |
IENM RS (NVT) B IEN RS (WVT) EIRE R RS
(NPT) F1 75 45 11 2 45 (Gibbs ensemble) , AN [ 45 11 &
B R GUIRAS S AE MD B R E I LR 1,

125 #HAEL

XFLA L MDA T e B e R 2 )
WLEL R BEIE A HL 0T DASE PRI 5% 0SB 8 ) B 4 P
AR A AR FCIR A AT AR R A ST 8w
A F R T 201 3l 1 2B e 4



2021 4E
ESNESIE K|

PRI, 2 218l 2 A 2R A Wy v (4 R I 417

®1 TRZEI RS RGRTS R E MD &R E A

Table 1 System states of different statistical systems
and their roles in MD simulation
ST RSG5 REURAE TEMD AL 1 H
WUEN RS (NVE) /YA WEFE s Rk
IEMZRSE(NVT) AR AN PEAN AR T
N ) W VRIRTA
| &2 S
FEIEMARSE(WVT)  #5T O B4 2 e
FREERG(NPT) RERSSHHE Bff R AP T
HhA RS [ WS IG ST
(Gibbs ensemble) WA W oA S5 2 R PR

AMBER, NAMD, GROMACS, DL_POLY, LAMMPS,
Materials Studio %5, NAMD i& F T K4 TR &, H R
JEE T R S TOUL 2 A0 L, AT AL BRASC A, FT LSRR IL T
A~ CPU [AlFHZ 5 . GROMACS 5 [F) 4R {44 Le k4 7
TREEEALE HA TR DI RE RO A A
% ,DL_POLY [LEHR K, AMBER HAARGF (1 P H A
AU A i A SRR E . Materials Studio
& FEMT BT 2 R0 TR, 2r
Bl J1 2F A AN Forcite Fl Discover £ . Materials
Studio AT A 1 KT ST AT J5 8 AR A 7314542
FeAE . LAMMPS R0 2 — 308 I KM 58 )
FIATH RN Z I AE TR U, S
ZR NGB R T BEY R
KR AR LR 2 . LAMMPS 304 0 FF R34, L
CH+4i5 , SR P AATIB SO &, i 43z .

1.2.6 R

FIHIGET F15 , MD BEAEL P LR 25 18] A R
TAOWAZ f5 AT LARRAR O TR T Gl B2 BE R B RE AR
PURURIIE S G E NS VL 2 4 U (AL I B U
MD AU T LAR R A1 Tl o R Ge s b 4 B
JORC 18 ST (L 8 P ) S AT A1 R A B
JBCRI AT LI 5t — e 7 DA L1 AR AT 2 JRE ) PR
M MD AL AT LA B ) — S 5 A A5 AR S EE
ZHEE B R YRR R B SRR AR )
O PR o K BEPE R —F 00, ANERE , i LR kL
TR R R A o AT 25 A9 24 3 0RT LT3
MR R AN, d-F 2 B RE T LI R &5
L o TESEBRERAE R, AT RL7E MD BEAEL Y A5 A i
[ AR R 5 ) S (L, SR I g A A ek ] 2
R R AR, 5 SRR LR ) 254 A5 B BT
FEIE

1.2.7 iE4T MDA

EMD B 38 270 B Ji Pl R A7
AR ANMER, P 3 45 T MD BB — B T AR
R IZBLREE N T MD {5 H 8 E 2B B AR iR
b SEBEARAAE A

2 RAE WK ag MD W H

FIAT [ A A1 35 X A R o0 o5 A4 2 £
R Z IR TREWHRGYWEIR T RESLEHTr
T, FEIUS TR RCR (B 3 A T TR A5
(O RFAE RIS ) B X BRI A B A S2 I L, IR R
K IX L7 T WTTE 5 R A PO A G i 8 2
WO Z KR AT

2.1 BREYIKimFI MD &l

I3 BN 1 LR 5 RS I A G PN
REPE A T, o] DA B E A BRARA WM T
RN BERAT A PR A HB{E B o CHEN 5578
it MD 5T T AN [R] NaCl 5T 12t 73550 B #5853 7K fiff 28 P9 s
Pk Jiie (HAPM ) 015 PN 465 Tt e (PAMD) 787K 59 H 9 25
FAFRRE R B2 SR 2R 01, BEAE NaCl it & 70 401

AL

mmssonn | | FHSHCH
ters. Rrmm| | SN

JRT /51
A Ut

R uEs)
—> it D7 (BR[| $ IR %
1 R L )

Y
erea |
RIS )
Jiit 5 TR CEHORIT (— | SR I

PV TN )

K3 MDBU—M AR

Fig. 3 General workflow of MD simulation®
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