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Abstract

Recently, the development and research of shale gas attract many researchers’ attention on the
study of nanoscale in the field of porpous flow. This is due to the fact that the flow rule of shale gas
in the gap and the size of shale pore are closely related. In the nanoscale, it is very necessary to use
the model of water confined to the geometric tablet to study the dynamic mechanism of water. In
this paper, we use the molecular dynamic simulation to research on the distribution of water mo-
lecule in the confining environment. We observe that the distribution of water molecule is chang-
ing with the varying H (the vertical distance between the two CNPs). Our study observed that the
fluid dynamics behavior and classic microtubules in poiseuille flow have a significant difference.
From system H = 1 nm - 2 nm, water density distribution has an obviously difference; from system
H = 4 - 5 nm, the velocity and hydrogen bonds distribution has a considerable increase. The
changing ordering of water molecule is the essential reason to it, and this change is non-linear. So
we can say that the length of H plays a key role to the nanofluid.
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R, BEETUASTTREMAKNE, FRAPKRETZAIHFHER BN T Rk %575k
KRR XEFAEZRHIESHRSIMERS A LR R/ NRREHRE .. EHRARE THIEZR
IR FKEIZ SN, RIRKZ R TIPSR R BB . ASCRIR 2730 71 A8
KA TFEZREFE T, MEPRPLTAT AR TIR, SCRRPRERES, WEKNRES®E
1324k, BAIHIBT B BT AR K30 /121785 L HHE F M poiseuillefil FHIRZIEHAFK . M1 nm
32 nmZ AR FEMRE T RAHZEN:; A4 nmB[5 nm2Z FIKFEE D REBSAEHRETRE
K124k, BATANERRER S, JUATFRZ E B R/ KT3I /24T AR R R, 5
B R .

XA
TAS, $KILER, ZBENE, PRRE, 273718

1. 518

AN BT RER, SIRULFTEEBIR - HUORHEZ B AHANIIEN . LR, K IUE
SOTRSHITCRIPGE, B FUAR RS 2 AL B S I e oA 1 3k 115 FORIE R . A RIT AL
B, [ X ) DU LIRS B A AE 4~6 nm Ze A [1]. FEE B TUE SRR 5 TUE
FLBR RN RS F A M . TUE PR B SLBR AR, A5 U S AR AR X 28 AL B B s LA RO e 5
AR E R, D 73 AR D TAEGUKR LR P RS S, SR AR T s ST A A TR 2R
st L ER2].

WEFEAR AL AR RIS L, 77 B GOR RUEE RoRWE K s L. FEPPKRET, WA LE
il — ML S PIE TR R L 1K [3] [4]. KRR MmARGERFMLLERBA, KELEH T 12
REZPA OS] [6]. FILFATVAR R B R PR EEKEN . KAFZHBPET, Bl K
£ 4 SRR HIRHRRE S IA BIMRAE. BE AU 32 IR (W) K B S 53l 12247 8 — EARZ B AT oG . K
FEPPK RS2 IR E R 2 R A2 SR ME SRR RIS, JF HBRAUKE (CNTs)h 5 PR 1
TBAE BT 1 S T A U PR T BROK R T T T, Aluru BOBILSIEIS ORI, A RGK
ERERGRARER, MORAEAR 7KK R FERERZISR, RAEEHE A 2 RERIR, HEREOLHE,
JKH) S bR A s T SRR B [ 7]

T AE KR AT 052 BR 22 18] R K BB 7722 B, R K B2 BR A T LA P AR AR (A R - A i 22
161 [8]. M4 RMORBZ FIBT T MIRT FE AL, FKAE JUAT AR ) 2 BR 2 1) vh 2 R ARV 2 Al O B 52
[9]-[11]. #ltn: FEGPKREET Btk Emis il 5 Rk E RN EETIR R R[12]. A2 R
ST AR (IR FURR W UK A R A PR B0 J2 OO 7K T 25 BE 1% 2 P 32 BRP B (confining parallel walls) [f] i
(RIS ME T R AR AR o 52 RS R 26 #F T 19Uk AH (ice: phase) 7K R PE— /MR /INSFACEE 25 98 Bl A & e 113]
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XA DU T A R RN — MEE N SR AR S & A . (A, 2R &L T,
YFEEFFRIKIZR 2 2 %L B, R A A st 4 K, st 2 HILVE 2 A R [14]. 247K
FERHH T T3z R R, A AT 2846 LA R 3l 77547 AR T Bulk 7K1 5 #2x R AR AR R 2 ) A8
[13]0 XU a1 2 IR AR /K LA B4R 4E (B, liquid-liquid transition) AT LA Sy Js 8 i (1) J5 P
(the film thickness) ek #1[13] [15] [16]. BhAb, IXFRAEGNKRUEE N 52 % 2 18] A 155 B 43 B R A% e 48 i R
FE T RAR AT A o FEGOKRRBET, @ I 2 P AN [0 R K (R 30 0 4T 9 IR A8 A R iff o v i
R IX AN B AR — B LR AR B 7 53 [3]. B4, X TAeKBFLBAIRTF TR, 9K R R AFR AL FLER
JBEXT TS AL PR 5% e 02 B2

FATEI TAEREFC T P B A S84 1 0 PR T ART PR 2Ll P A2 R /K 2 ) R, 5O 79 T AR R R B, %
KR E S5 R, A 1 nm B 2 nm Z 7K I3 FE A R AE TARK B4 AN 4 nm B 5 nm Z [&]7K
(38 B DA S S A R AR T AR KA A . FRATTAATESZ IR (Al o, UART~ P4 8] B B R DK /N at K 43
B J1FEAT N RIS LR, I EBEAU 2 SRR X Rl AR A 2 AR 2R ME IR . FEGR R B R A4 it 8 pL A %
TALBRAAL R AEH “HUR” 1.

2. BAES5®

A FEEHH Gromacs4.0.5 [R5 T3 SRR A . FRATIEIT T 5 DMASE B2 AL 1 BibriRiE Z
HEHEE HN 1om, 2nm, 3nm, 4nm 2 5nm 156, B0 BRAR [ 5E, AU FOKIEZ BRI T
(R334 x 7 17152 0,01 nmps? /N s B8 (1] 1(b)) A9 S st /K (¥ 332 LB B RRAR (¥ K/ 9K 5.534 nm,
% 5.534 nm, i 1) TR AE X 5, Y AR Z J7 s R T R SR, e A
N pbe = xyz. BRANKPARBE € AEEE —E A E, K T2 BRI (limiting space). Fr LA,
FAVR A 0] LB A2 A JERR CNP ST 783 1 /K701 fEX L, FRATIEAH /K82 SPC water
model, X2 — MBI . FERAIWT M RS, A2 IEN NVT #45(Canonical NVT
ensemble): REMFLFE N, KV, CLRGRE T REFFE, XFERAMERE S TEGK R R iAm)
Bl 7 2R BE P LA~ AR (B AP 25 H 284 . FRATTI%E$E Constraints = all-bonds )2 £ vk B 16153 AT 3 1) B
(bond) #B B8 7F & PR 52 25 1 . {8 0k Bk 5 % (Leap-frog  algorithm) 1 4 2 Wiz 8)) 77 R (W AR 4 77 =, 7E
GROMACS %, I E N integrator = md. FRATIA KN dt = 0.002 ps, &F—RAMERLIR
HHy 2 ns. FHMEEAEH BTSSR T Particle mesh Ewald (PME) 7732, Ell coulombtype = PME. &A1
RGIRE W E NN 300 K, Jf# ] Berendsen-thermostat i 5% . — ki, TU& 2 A6 1R
(1, A3 E EWEFEAK AL B/ INAE T s 1 5 1 s, B EL 1 300 KX — /M & I i
&, BN 18 i e AR T TR A s VSR R S

AR, FATTER AT Boltzmann J7 50718 N B EAT L., LR N 25 B s TR B0 7 1 1)
WP AR[17] [18]. EHXZ LY D2QO MY, %Xt 2 4ERE Poiseuille i, FATHUT AEF-H7 oMk db B3
kAt RN TAE Z AN TS & Z A RS L.

TERAV A, B ESHT 1 KA 2 % (Relative density) />4, 8 B 20 A L G580 A o R FEahK
JUBE R 32 BRK #2318 55 4 W RUEE IR R B o

3. BZREHh
3.1. HMEZEEST

FATIAE A X 5 (relative density) 73 Afi I AN TN (4 SR RAL SR BESSHI IO P REEE, 4% R GEHY Z
7 ) PR AR N B B AR AT AN ] 2(a)~(e)H BTs o« FRATY Z Bl H #8470 2, BB I)E N 0.01 nm, Seit

O,
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Figure 1. Research model snapshot: (a) Graphne slab; (b) The initial simulation system

1. MRBEREE. () AEHTRTEE; OMBEEURRTEE

ab —H—1nm- 2.0h ——H=2nm)| 2.0 —H=3nm | 2.0h —I-|—4nn1_ —H=5nm
) 15}
g 3t 4 15} { 15} { 15}
3 1.0
22t { 1.0} { 1.0} 4 1.0-M- T
5
&1t { o5t { ost { ost { oS50
0 " 0.0 1 0.0l s N 0.0 T - ool o oy 00
0.5 0.0 05 -1 0 1 -1 0 1 2 4_0 1 2 2 1_0 1 2
Z (nm) Z (nm) Z (nm) Z (nm) Z (nm)

(@ (b) © (d) ()
Figure 2. The relative density of water molecular

E 2. KOG FHRMNEES

S J2 SRR T BN NG (0 A PTERZ 50, R — 2 R SR 7 2 AT I 18] 1 259 (RIS FDL A 28 e it

0, I EBR bR FURFASNQ), B % p(i) = N“('O()') - 8 2% H = 1 m RS

PN 4 1 Fa K THIXTE I, H=1nm KRGERIMXTEEE—NHER W geig”
I3 FEFENT CNP BT, B —NHEM 0.2 nm 72 47 & 1 i 2% FE #8322 (low-density depletion layer) i
X5 Aluru TAEF B BLRZE M. H = 1 nm RS AR 55 R4 A7 1648 (peak) (1K /NN 3.8,
TMIX A 5 A2 R H N RGP AE = s ] 2(2)8°% H = 1 nm B R G AR 25 5 2 A 1
‘B5 H=1nmBRSAEERKOAE, KM EZEL H =1 nm R4 07N T2 50%, K51
BIFFEERIC T, JFHAER “Beie” e A& AN K 2(c)~)nl2d H=3nm, H=4nm
PAK H =5nm RGMARXS % AT, A0 A0S H = 1 nm BB AL, 4 i o5 e WA AR
B, 230 1.86, 1.85 LAJZ 1.69. HIXT& RGAHXS %5 B2 73 A B B 40 A 3RATRT DLEE R, (H P4 (R ¥ 2R
BN H = 1 nm B AR XS % B0 AT T HoAh RGO LUV REIR, KT I PR R m it

2. RENT

K 3()~e)NRG H=1nm, 2nm, 3nm, 4nm & 5nm, /K% T Z 5075 17 08 oA . 0T
GRATAE F RS RAR RS B B A I 05, R AR v =V, +v) +V) « B RGN “FEMX” 11
DX 3 (B Vi 2 Bulk [XI8) RN /K 0 TIPS U0 % 2 Hp BT o (EAE B, 24 R G005 P AR A i 2 2,
fE H = 1~3 nm X[ I, KT PP B2 R R H =4 nm B, &4t Bulk XK 577
PIEER H=3nm ARG LT T 50%/A 4, Aidi H =1, 2nm K41 Bulk /KIIFEE T 5 2R
N FRRMESSSERR, RS H =5 nm ( Bulk KPR E R H = 1 nm KT 315452, HBLT

()
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Table 1. The peak of relative density for water molecular
=1L kG FRENEEIEE

System H=1nm H=2nm H=3nm H=4nm H=5nm
Relative density (max) 3.8 1.83 1.86 1.85 1.69

Table 2. The average velocity of water molecular in bulk area
7% 2. Bulk X Ik 5> FFHRE

System H=1nm H=2nm H=3nm H=4nm H=5nm
Veave (M/S?) 10.21 9.36 2.27 321 35.76
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Figure 3. The velocity distribution of water molecular in Z axis
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“velocity jump” o 3 H, H{IATBEWF S F— RS, HINEEEEA 0.1 nm/ps® i, % 245 Bulk /K K72
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Figure 4. The simulation of two dimensional poiseuille flow velocity profile in LBM: (a) Poiseuille flow without porous
media; (b) Poiseuille flow with porous media
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Figure 5. The distribution of hydrogen bonds for each system
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Table 3. The maximum number of hydrogen bonding for water molecule in each system
3 BRGKSTFEREBEKE
System H=1nm H=2nm H=3nm H=4nm H=5nm
Nmax 2.76 2.49 2.25 2.37 3.49
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