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ABSTRACT

With the development of nano-manufacturing in recent years, macromolecule
polymer fluids in micro- and nano-channels have received much attention. A polymer
fluid exhibits unusual viscoelastic behavior in a micro- or nano-channel, whereas
researchers have not yet established the theories about polymer fluids in micro- and
nano-channel completely. With the rapid invention of electron microscope and related
advanced equipment, some results on movement of polymer fluids in micro- and
nano-channels have been attained. Molecular dynamics simulations avoid the
difficulties of experimental investigation and limitation of manufacturing, and have
become an effective tool in analyzing the rheological behavior of polymer fluids. One
can distinguish from literatures three models, namely the dumbbell model, the freely
jointed chain model and the Rouse model, to simplify the structures of the polymer
chains. The results obtained using these models are sometimes not in agreement with
experimental observations, and assigning values to the representative parameters of the
polymer is crucial to the accuracy of molecular dynamics simulations. Some researchers
recently reported characteristic parameters for polyethylene, which has been used as a
typical polymer in many fields. So in present paper, molecular dynamics method is
developed to simulate the process of polyethylene fluids in variable nano-channels, and
to get some guidable results.

To avoid the limitation of specular and random reflection which usually be used in
literatures in variable cross-section nano-channels, a new sem-reflection boundary
condition is proposed in Chapter 3. Polyethylene fluids in nano-size parallel planes or
nano-channels are carried out using equilibrium and nonequilibrium molecular
dynamics, respectively, from Chapter 4 to Chapter 7. For injection molding of polymers
is also utilized in many areas, molecular dynamics method is developed to simulate the
injection of polyethylene chains in a nano-channel with variable cross-section, and to
analyze the impacts of channel structure and external force in Chapter 8. The crucial
conclusions are summarized as follows:

(1) Constant wall temperature, rough surface and real reflected position could be
achieved by using sem-reflection. Furthermore, the calculation of velocity vector is
also simplified in non-straight nano-channels.

(2) The mass of center of polyethylene chains moves from wall to the center line with
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3)

(4)

()

(6)

increasing the chain length in all nano-channels.

Absorption occurs in nonequilibrium nano-size parallel planes and equilibrium
nano-channels. The mass of center of polyethylene chains moves from wall to the
center line with increasing channel’s size. The concentration of polyethylene chains
not only resists the polyethylene fluids along the flow direction but also stabilizes
the velocity of the fluids.

The methylene particle density and polyethylene chain density achieve a uniform
distribution with increasing the average density of polyethylene fluids in all
nano-channels.

The average velocity increases with increasing the external force in all
nano-channels.

Applying an external force of 20x10%® J/A in the channel with 0=45° facilitates
accomplishment of the injection process with both 30- or 300-length polyethylene

chains.

Keywords: molecular dynamics simulation, boundary condition, polyethylene fluid,

nano-channel
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TREVRAERR AT — M7 IE AR TR BT ARG S, #ER
YRR S EOSA B T3 M o 7 ST B R 1t R oM FAE v — il
R0 T B WAE AR RS AL, AL 4EK, VYashiro® 45 A\ 348 TR 2
W T IR AE R, R0 20 T30 122 77 VA B0 38 208 23 T 70 I vh 1 3h
MR BE . BIATSCI 4. 5 B4R T3 11207k 5 T 7 R R R 09 £
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FEWVRNE SRR AR . R RS A N 1A R TR,
{E—Z B 5 P ECR G B AR TE B O, s BN E SRR . Brbd
A 6 FRM T8 15 T 3R M AR R 8 S R, A X
LIS —E TR S E .
1.3.2 AR K EIF
O AN

W 9T 5 7 IR A WD ARAE U AN 18 T8 H I AR 18 5T RN 24 A Bk S ) A AT
1155, AE XA E S T REW—R W, RS T80 1577 R
LARTARAE AN IBIE P AT ML, BT AR Tk
1) 7 1& F A A R4 FAEE TR (1) 5330 J1 54540, 3@ 2 S o B T i 57 4k At A B
VR, RN UE L IE # A AT R
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2 BTENNFERTESIRE

DTN IERAE R T 70 B HAR T LR T LR SO 7 1) AR
RS, R TARKRGE REAG R IERE S, KHE®5HT)
FRZ M ETT, BEV T R A MIE s, GO S B AR SRR R T
BN . BT Tah 1A NEAR S R R 2R EEA N =AM
(1 ATLCRATH AU E ISR 45 R, BRI A, S b sk ie IHER I ;
(2) FESRZRIGFFATIE LT 8 W HALE AN, T Ls 2 130 715

TR, TSI At AR, T AR A A
(3) 73 1B 1A BT 228 T GO0 A P B o 1) 2 A o AL

2.1 BEXRYIEEIE
221 EAXYIERIBRSLISE

Sy TEh 1A B A B R 5 N B — 5 IR TR A EUSERE R 0 2 T i R
T, I ST RRE T 2 AR LA A R B BB R, ORI %32 B 1
YRR IR, TV LE ) AR AR, @R e A R T 1S3
Bk, n(2.1-2.2)FR, HTE R RS HIREN 5 REGTRE, 75 5% 550 B
B ZAE TR, e E S EAR B ST E, Gt EAN RS ENS .
M5 20 2R E T RGHIMER -
i P

om
mp; = z f;+ 1.
i (2.2)
St A p A METRT | A BRI R, 1, =-Ve(r), TRAT i F | 2
WAHEAER A3, £, O95MNIER 7d.
T 1 BARSE IR IR T -
OB A IS E, 0 KR8, B WIAATRE DA E S A 45
QWL RS, kLT HIWIAa A B AOR L ;
@THHEAEH TRk BRI ),
OIRHE Wiz iR, THER T N — B iEsh i B K E
OEHF 3. 408K, HEIRGWHETEE %M
WIS AN, HREEWE, [RNEE, BILS
S OTER TR AR T U B 2.1 3R

(2.1)
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WG E R &S

A 4

G R HOAIAE L B R A T

A 4

VR T 0 AR R

A 4

DR AR TR R 1 T — R 1R
G s sh v B R BT 1T

ST ARG VLA 22 i

A 4

PRAUZE A, R a R
Bl 2.1 7073l 1A R I

Fig. 2.1 Flow chart of molecular dynamics simulation

2.1.2 BEERH

FE4r T30 1B, TG 24 94 B R 2 1 K 2R Gl 45 SR A 5 LS &
SERIRIAETE, TR, 38 24 9 B R BBt T I AR R (69 T3h 1%
R, XU RS B ) 2, SRS BRI A B A B SRR A
JRF M TE 75 38 A B B B ST AL BE 5 v I 5 S oy, — A R, 4R
2 B ERTAR LA FE 3 A 00 SR 3 B A TE 24 52 8] B ELAE R 51
XA e A . BRE b, T DU T2 S A S R T R, (X —
SRR R LA A, FERZHE I R BEXT WU S B R BEAT T4k, $5 tH — e 2200 AN
L2 NR. HATEEA LT LB AR,
@ TSI ERAR I

{oo, r<r,

E=

0, r<r 2.3)
FERA IS AR o 4y RN ANEER, 7T RIAH AR 8 B, 2477

TR/ AL E ro I, 70 T Z BRI S 00, 28907 2 1A I BE
KT-PHIALE roltf, 707 2 IBIBATIE R 730 SR I T 55 REAR RSP f) 45 2R 55 51
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PO IR RN Z S, (ERDY iz R ad H, AESRRIR SNy T A G
UEZE T
@ J7 MR

0, r<np
E=J—0, <r<i,
0, r<r,

(2.4)
7 BRI 34 R AR 2R 2 A 1] SR R A B AR A () Bkt Bl U AR I, 40
T A BIFEB/N TP AL B o B, T2 BIPER 1 R 00, M0 F 2 MRIEE B
KTFEALE ry BN NTEEAE o, 72 BRERJI8-0, 3512
[B) PR B R T BT A2 rp B, 207 2 (Bl AH ) BB ANTE . B ORI Pl 35 RE AR Y
AR T ] B BR A Y B2t 7 HE 7 0 RS, (EAEAEADLI A% Hh & B S A AT
IFE— BRI ER
® LI Hperery
LJ(Lennard-Jones) ¥ e AR B 52 22 4 Jy 1k W FH B )32 IR A R 35 Be A 2 AE A5
POLFEH, KA L) AEEEIA S m s AP — e £ R, HERN L) %
RE M BEE 8 T AR S 1 N e T @251 71, o] DA — Pk IR, B
PALE S 18 D1 A i)z R

”“)=4&K$JH‘Q%T} (2.5)

e NHPE, o NEEEEL r R T ZRREEE . 251 IR A bR A
I, o> Z R WA LA 3 AR/N RIS Ja 5 28501 2 TRV B B AT B A
TS, T Z AR AR RN s 73, JFBERE BE B KN 3 K. AT EL
A B (2.5) 1 7 [EHT Y 12 F 6, A RERALE R Ry 12-6L) 9

RERR A,

2.2 BT NFEEMERGE
2.2.1 BN ERVIBRENIEE

R IFUAIT, T TV KL T R B4 I B R UGS E R, (RS 1 0 TR SR
HORL T IR IR A, B — ELREOL I ) S 08K, #0068 S fE 0t 2R G5 1 2 AL B
FI R T B 2200

TES T2 I BRI, R T IO AE 0 B — R 7E % b, SRE T bLigk
G B T RENIG(— B RS TR, BT 2 IARIE R 12 Ry
K, R HYRBER, Y%L G SR, Mte
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HILEE IR S, TR . HAT, WG MIALE 7540 LA s A HES A P A TG
375 (FCC) A0 37 77 (BCC), WL 2.2, X LAHIO AL Tie A H %, O —A
BIuE RS A PN R, RO ST — AN ek R S E AR T .

() MLy (b) HAL2SL Ty
Kl 2.2 [OOSR B

Fig.2.2 Schematics of face-center cubic and body-center cubic

WIUE T B B E TR AR 2B, FLrp P 2 22 5 7 T3 A T 2R AT 1) v D Y
BENLEC. A BE L AR 8 SRR 1 TR (kT m AR A
SRE-1~1 Z R AR B E, 5P S AT B AL T h) BB (EAS 3R
g, TR KHWR T, #HEAENGA R R T S shE NS, 28
RGIAEFEIRES
222 BFEH

S FENIFRN TR )5, WS 2 4 N B &, (H 2 AN R il 72
PR, SHEMYFEMLERER PERKER . MRTFERS T %77
FERR— K, BWTREWER LT NKS T, RFEEAAEGHE, FHMIRY
THENLGIE. B, &KW T AP ELBE A AR 715, IR0 77T DL 228
145348 (surface effects), KA B 73 TR 25 18] R Se i) 22 VL i o
© JA 2 5 (Periodic boundary condition)

JE S 200 5 S A AR VR AE AR AU 5 A B e 1 R L A o] — A — o P R A B (B

ARE TSR AR WA, Wl 2.3 fros, W2 4 R4, N7 E

A 8 MHFIMEARITIE G (image), 2 =4k, W—3F 26 M. Xk

SBEAMAERST EEEARBITTREF 8, Bk 5 E AR IT Bk 1)

EPREWRFE 3 K7 BRI ARG TE, BEATR UL ik A 5T

X LEAR A S R G, R TN T o 24— R BT IR AR 5 oA (1 [R]

FEXT T S AR BB Tl 2 B N BZEAR BT b, IXPERURT DLORSR R A B T

PURLF s E,  [RIISX PV RO g 1 A N R, R N
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K 2.3 JA ML A AT
Fig.2.3 Periodic boundary condition

@ dF A #AMEL H (Non-periodic boundary condition)

JE A PR SR AR T AL AT B 0 LSO, AR AR 7L [E] 4 B
[ E s . AR, W UTUE N oy T BRSSPy ELSBE AR AE,
FIRA W BAERLAU, bR R AL S, IR o R AR A 1 5 2% A

A A AL 30 5 46 4 4 R R UL B THT (Virtual  thermal  wall) A1 45 ) B [
(Structured wall)t", F $oLFABE [f 38 5 SR FH A1 55 Ay 4 SORHE R B SR
81, ] 2.4 B, 4O B AL 0 LA Py 20K 218 — T iR Ak
el SENBEARBE N bA B AR, KA E AT LBONE € 1), IART
FERETH 7 In) BB B2 JE AR, i 2.5 Ps.

. |
} [ !ﬁ
\ | \ |
\\| \\l
% "B’
(a)5= S (b)BHAL A

Kl 2.4 4 RGNEFIBEHL S S =

Fig.2.4 Schematics of specular reflection and random reflection methods
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000000000000,
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Fig.2.5 Schematics of non-periodic boundary condition for structured wall

2.2.3 W ERE

ENFE T3 1R, 2 E TR T &5 7 1R F ik e 2
AL 1 Y S T R P s e a1 R (Y2 S A B R RS B (S S A R Ao L
FA Il B SR UN \ R PR AR 2 55 00, bl o A fAc vk B ASE 8L, 6T LA
BWE AT AR SR B S5 R 5200

baE 45T ENERIVR R, THENBIE T FA R AT R BAREREL
3 VARKWEE, (B2, KHD Tk o 78 H WAEEHIR,
XHLIE D T 1A D . EEATEK IO RS R, gl T
=M R T2 BAWE R R O7, ARSI AAS 2 Sukb, X =R T
POy sE: BRI, Verlet FIFRVEFCHIZ R, WK 2.6 Fiow, FHEIZHIN
H=MT7i%.
@ #ilkr2E423% (Al pairs method)

W AR AR Al pairs method”, W1 2.6(a) flTa, FEARIU 2 H 75 22
TR LT 2 AR AR, DR EH5 N2 W N ORI 8. 4i—4
RO IMAE I RGN, BAa e ER TR | BTk, X
FE LR N (N —1)/2 IREEORHEF 77, /e 7625 18 1 A7 e i 55 RE A
Rk, WFREEN (N -1)/2 JEs 55 A T LAHIWTIR LS AR F 0%k | A 5Tk,
XFERCR MR 5% 7 UH AL BT YR . B T~ AR AR AT B 5 SR, (H R A S — M B
BRI IRTRERI L, BERRL T B E % 2, AEBCRA .

@ JTHu%R%(Cell subdivision method)

TeHIF R E 2.6(b) s, 8RS A (8] 55 3 il AN R4 T8
HRTREWr=EE R e(cell), HAHEIE—ADIol AR | 5 SRR Z E
FHEAE 785, R BBz oA 5% o MAH 210 o B e ok 2 AR 7
A I TTERED ] o XA IVE R IR T I8/, #2513 1 il b
IR, ARSCR R 5 DL T LA (5]

@ Verlet 1|37 (Neighbor lists method)
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2 BT E IR TR S R

Verlet 5360k SUMFRON AT B0, iR 2,600, 8T BT — 77k,
AR RSN, BRI >, r TR R, i
BRI T 2 AR 200, BEHIE DR T § 9, BAr kR, B
RTIFI%. 2 JEAEH M B AR ik, R B o S e AU b ik
TERT | 2 MR 7. H, IR 2 B T, {E e
UGB, R TR R AR BN T —r, WA REEHIE, R EEil
BB PR TSR T T R AR AT, R R TR B I AR B A T
for I, AT EEE Verlet 5132, BN T HH B AR

8

()#RTF-A21% (b) T 3% (c)Verletd) 3£
Kl 2.6 #lbrAR5, TTHSIRIEA Verlet 51 3& %R & K

Fig. 2.6  All pairs method, cell subdivision method and neighbor lists method

224 WEFEE
TE4r 30 1 5B FE v 7 B0 AR a3 7 RE AT SRR, 45 R 147 B AN
AR, EBRUEREF, R FRIA B BRI, XA T IR 2 AR 4
Wi 7 R VB AR, A H A LA

@© Leapfrog A%

A Wifh Leapfrog 4% = 1 Sk ——Verlet 5L F1 Leapfrog HiATE T3 71
SRR T2 N . Verlet 76 1967 4E42 H Verlet 3B AR, 2 BEMR AR AR
RPN 2 I ARAR R = AR B R — I ZI o AL B, AR R VARG,
(2.6-2.8) 7N :

r(t+ a0 —r(t)+ at. S0 AT 9T |y

dt 2 dt? (2.6)
A = ey ap OF(D) | an? dr(t) '
r(t-an =) -at-= 2+ SL =2 o(an on

AP, A

15



E N2 e A9

r(t+At) = 2r(t) - r(t — At) + (At)? d;rtgt) 08
2.8

PRGN N ZIEEAE S, L R(2.9) 15 2 R R 5 I B
rit+At }r t(—At
v = 2At

(2.8)(2.9)7t /& & 44 K Verlet B2, ZBENESCBUS AR 5, X+ AL A7 i 2
KIEH, FE T BRIz R

Leapfrog kPR IET Verlet SR I —FEIE S, SEVE RN
PSR A, HEARITR:

(2.9)

2
v(t+lAt) =v(t—lAt)+At-dr—gt)
2 2 dt (2.10)
dr(t + = At)
r(t+At)=r(t)+At~d—t2 (2.11)

MK (2.10-2.10) 7T LUk IR F-06r B AN AR LB BN D, SRR
v(t+At) AT LU =0 (2.12) 15 21

dt?

Leapfrog ByE W HE AR BBk, 2B IEAXTT Verlet B35 10 B0 BTN,

WA 2 R B 18 A
@ -5 1E B X (Predictor-corrector methods)
P -8 1E iU T S R e, L AR A07 BRI JE ARG P 2 T LA R 11,
ZEERPP IR LLB ST
D FIARFRALE L B E A0 R 2 FE O ZORL - AE R — B 1 (R
t+ At B Z1) 48 s

2) TS EEHT S I A R A
3) KRG RIS D) I a6 B . B A R A A
4)  EEHELSR D2, FEETRAE:

2
v(t+At)=v(tTr%Atji%At-d (1) (2.12)

rP(t+At) = ri(t)+vi(t)-At+ai(t)A7t2+bi(t)%t3+--- (2.15)
VP (t+At) =V, (1) +a(t)-At+b, (t)%tz+~-- (2.16)
a’(t+At)=a(t)+b (t)-At+--- (2.17)

b (t+At) =b (t)+-- (2.18)

R AR P L 52 BE 045 B8 2R 7 R R IR E af (t+At), 5 B
AT E S B Nk I E al(t+AY) b B, 8RR IR E
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Aa (t+At) =a’(t+At)+aP(t+At) , FRKEIEA(2.15-2.18)#3 31

e (t+At) =r’ (t+ At) + C,Aq (t + At) (2.19)

Vi (t+At) =vP (t+ At) + CAa (t + At) (2.20)
a’ (t+At) =a’ (t+At) +C,Aa (t + At) (2.21)
be (t + At) =b’ (t + At) + C,Aa, (t + At) (2.22)

HC,. C CMC, RpIERE, MRBEHEIT I IE R E -

Satoh® L 7 4 Pl s e s S 4R 31, B Verlet Mozl — Al
LIRS, (HEAR B IE AR, BRI AR S &R & s DL, (HAE
THSR ARG IR 2R 7 T AT DA A R, DRI SORER FH I U5 k% 18 3 5 RE b AT
Aviar e

2.3 EUYRRENGIt L
2.3.1 B4R EM ST

T4 TEN ST, 4T S48 O S T G 38 00 2 07 V0 48 22 A 2
PR AT G, RGP AR B Ge R (% S50 F R %)
BERGIRE . HEE. BALRE SR, HATERm T,

T <z mivi2> (229)
Ep:<%§}(m» (2.24)
E, = <i%> (2.25)
p=el +\%<—222er> (2:26)

Hoh N ORI THL kg NBURZZZHEEL moONRET i IR, v oKL | EEE, p,
KT i B
232 R

RGBT —EWFMT, RELWHMERE2ME. & T & MARIZEIR
SHEAMSIMRGEMES . RELXHGE T ERMR RS AR 5P —
ANEEREAM S . W58 715 2 R R G AR RURIRL 13— € I & MLk &
HH B N TA) B 2R A, T S T — R 4ERRIR FE AT R R — 8, A T SEBL L SRR Y
A, =R R R SRR tH o HERl > 18 70 S B 2R SRR 9 S I T FR 2R (R
NVE £R%5), S5l SLIRxnt N5+ 2) 77 B b i TR U R Z5(BP NVT R45), WAt
AT 5 IR ST I PR RA R R, X RS 2130 1 A0 b i S R S5 TR R 2R (R
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NVP R%5), 1M NVT RERMIN RN 2. T IEREE A S 48 ) LA i T A il
JE AT
@© HEbRE
3 P s s VPOV J — B fi B BRI 7 9, IR 7 ¥ ) B AR S B KL (K
W E b E, IR ARG RIPIIRIR L (SO IR E) N To, I 2 R S8 A0 BE I
BN T, WERER T A KRIEA N
A=T/T, (2.27)
FEFRE DI 8], S TH ORI, 08 3 LAAR E PR A R SRR P
Rz, XI5 AR A SCR AT iR R SR
@ Bk M H 2R
P B H 20 A0R B A B e DA AR IR, PRI R TR

%_Nzlvf =NE, (2.28)
> f =08 v,-a=0 (2.29)
E XA RIBEN T FEN:
a =f/m+ay, (2.30)
Hr o AR HET, #H3X(2.28-2.30)7]15:
dov-f,
a=- 2
m > a’ (2.31)
R B H PR i FH 208 7 50k v BT DA i) 3R 48 B R

® ik
HIREPE 1980 4F 47 Andersent 32, %51k IS AV B R B2 A R S
—ER I PIA RS, BT S RIS RS A E R T RE VLR L BENLAK
RN, T SR FIBEALALE S Conte Carlo i23)), Fi¥ HREIE T R4t
M—ANEE R A 4 2] 5 — NSRBI, BENLAERE A RE b, AR A4 10iis 3 e A
B, RGEEERREMEN T KA, R i B LAE R ORIE 5 50 [ B
Al RE LRSS RE T
FEFF AR /T, W AUE S ARG R, 1X—9m FEARAE R BE A LA
FEMIR o YeiE, —BUETEEN 0.001-0.01, A DAEFH HGa i iR fl R 2
iR
D WK IRIGG AL B AW GG sh B UG FR 41 18 30 5 7%
2) A HAT B — AR ER B K 0t R AE—IRRERE 1 LR 0Ot 5
3 EHKT ARk, 1ok ST S R AR B R TR R = e
WFHHEE ARG R], MERRT | Z AN SR AN 52X Al I R 1
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2 AR T RS R

AR
W, EEREE, IR TR, EA RN EATER
FH RIS, AR 23 ) AR TE U 3 A AN e A2 AR A o T v — P LY () B ML 7 75
WL A I BE LR AR I R — P AN FLSC O BGs, XM P e R ELBN 15,
TR FE A SIS, R, SR RO E Rt ) e T,
B, AR
@ fHE FR G0k
18 R G002 A] DA ARIE A SEAS 2, i P HGn 7R 2O R R, ¥
RGESEBHMAE, REERN—MEU SRS R, BREN e
FAIARFEDR 79 2, WA A4S 305 - ARAR AR FE DR 7 22, 80146 70 (BOH 4
KNP, t I ZI RGBS AP, WEREER TR 0N
1-1+kZLp-p)
Fp (2.32)
e NG 28, « MEFREASH, WMEIERERAE T E TR T
r=i".r (2.33)
i I X — I R AT A E R

2.4 INGS

AR E G35l 7 AR ) e AR 3 TR RN S IR 431 Bl 1 AR ) T AN T
I, X7 AR SEIEORH A T PR, AT R SCRM 13 T4 1%
R FEREFE T, AR E A B BRI SRR 32 H o R R B

19



E N2 e A9

20



3 O BE 0 S SR A AR B 5

3 FREBFmIAFFHAIESE

3.1 BiAF RIS ERA

T3 7 WAL AR, Gh B [T R 2% A I AL 3 2 — N SRl M i /L, AR
Z W AEBAL R FR TR AN ) () R AOLAABE T (Virtual thermal wall)idl 57 2 4
ATV, TS FH B2 PR B2 Allent7E 1987 4F 4 14 s 56T B [T 141 5 4%
P b TR 590 (S0 T TR A S, SORR AR I SS9 A1 Raraport™ e 2004 4E 42
oK B Bt AL e S B 1 32 57 2% A B 532 (0 R TR BE AL RCSRE) . Wi 3.1 P,
A(X0,Y0,20,U0,Vo,Wo) RN RL T I 4 BNHE BPIRES, B (x"y z u’, v ,w’) KRR 38 2 | w1
3z R S5 BV 8048 Bk SR e BE S L MR N — P AL E,
B(X,Y,Z,U,V,W) RN BETHIAZERE L T, B &l BE SO R AL B . 4 Sk anE 3.1(a)
B, SR A RIgsh3E B W, HTEEMRIfEE, R ASE B A E I,
KL FERET R AE A R G230 2] B &, B 5 B RCTREMIXRR, T 7E 5 BEH T
AT AAARTT 0] BT BE R AR ANAR, 5 BE T 2 B AR R T a) (R R/ IMAR AN, T
[l e ) s BEALRSHE B 3.1(b) o, R 7EBE [ R A2 42 SOf S ia 2 B BE T 1) B
R TERE RN BE R FE A e, TR T R RT DA R e E Y AT BE AL T . R
XPFP VAR R P — SR . SR & RO 7, AR
JERLFEME B BRI s RS TS, HER T & R EHEA R
HH e B IR AN EE [ A6 B At 2 Ah, I RAE AR EGKIEE R 4 SR
SRABEFOURL T R BE T 2 A T BB, UIE T JR0T8 R R 8 7 THT A7 AE — € MRS
BE AL 2 (A FH T DAL H B AN S % e B A 3 2% 4, H 2SR F o
BENLITVERS, R IRLFAE T — e ah B B 5L, WKL & A4 SO e #R R
REAE [ 8 I A I, X5 SEPRAEBUANRF, AN g F0 S 1 St HoRE - S it 5 AL B
5 bR P @ gpIRAS A O TRk, e 58 5 S AR SUL7E R H0L A B THI A7/
TEOL NPT RIS EIRAS, BT IR E A S we AR A 1]

3.2 FRWEmMIAFFHERRERAIES A

BIH AL, 1RZ 558 R 70130 /122 J5 R0 1 PR AR AT 9K E A
TARTREN (13 F7 24P 0, B 0 A (IR ARSI U9 K, W RS A1 4
XA ELGAOIE A AR R B R 478 07 A, e Fan SO0 AR
17531 2N J3 2 TTERANL T fa] B AE PR SR R R s I SURDRE EE X Bk
SEIE P B R I TR R RO, AR S OO T T R SR AR SR A 1 P 1
Wah: J. Castillo-Tejas %13 il ot 43 54 e A A= W0 A 70 US4 - Jo B8 T8 v 1 37
ENEREHEAT 1A
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BTV R RS R, ASCRH T —FERE T2 RINEFBENL R X P
T3 AR SR RE T A6 AR AR BV, X FRAE 73T 31 77 25 A0 A i B T 0 5% A Ak 3
D5 V5] DA A AE A S SR Rl 2 e T B T i PR R B T RELRS B X R I8 SR AS 1)
SO () —Fp ik, AT DAUE R E BE AL ARl 2% 18 TR B — g g RaE T
RLFA0 B (1) —Fh 738, DRI, FRATTRR IR Fofr i 28 1) B i iy L S AR A 3 5 v
2 S S BETHI A2 S 26 b B T 38 (U TR O e S 32

e JFHE R A R AN AL R S — P ER G R 7%, H BRSSP IR
T, Wi 1)

(DA FRFHIAEIALE, MRIERT B S 5TE SRS 2 B ek e 7
FE, R TP RE RS

()N KL T H IS BN B BETH A S LAAML B, TR W5 1 € (s 3 ks
3, BEF—HZIFAE B

Q)FE LT IZZN BIBET A S LASL, BT BET IAEAE, K WARETE B I, K
TR ERE FRAERN G, R EMRT/E B &, B R E S B AALE T A
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Fig.4.1 Schematics of polyethylene chain
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FEBEICAE. A BRI £ k) AR & i (non-bonding potential) Kk, ¥ £, %
T LI TR RN, WA 27 R (4.):

E. =E (l’)+ E,. (49)+ E, (¢)+ E,W(T) (4.1
HoE, () For ke, B, (0) BRI, B ()RR WM, E,(r)RRiE
FL/RHAE, T DR LR R4 A 42

B, (1) =2 {k (r-1)’} (4.2)

node

L AR OIFRKET R, kK ONTFERRERAEFEE, HEBEDR 4.1

N

®41 BRESHER

Table 4.1 Potential parameter for bond stretch

o I(r
[nm] [kJ/(mol>nm?)]
CH,- CH, 0.1533 1.373x10°

HRKERKAENICRN KWL, 20 TR B & o 1,
Kagmh, HEh 0.
@ #EfIHE:
Ebe(0)=2{k0(0_00)2} (4.3)

node

O, NI OGBS,k ONTHE R RS0 H 8, BB IR 4.2 fir

7N o

R 42 WMESHER

Table 4.2 Potential parameter for bending potential

iR Ky
[deg.] [kJ/(mol>rad?)]
C-CH,-C 113.3 374.7

K43 fmSmERRE
Fig.4.3 Relationship between bending potential and bending angle

A S AR RN KL, Z=10 TARAE o, i,
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fimete, BEN 0.
® —HfE:

node

Eo (#) =D {V, 0S¢ +V, cos 26 +V, cos 34 +V, cOs 64}

(4.4)
Vis Voo Vo RIVONTHEE MR H 4L HBE g 4.3 R,

® 43 MRS R

Table 4.3 Potential parameter for torsion potential
A V, Vs Ve
[kJ/mol] [kJ/mol] [kJ/mol] [kJ/mol]
C-CH,-CH,-C 3.935 2.177 7.786 0.0

TS AR RN KIESLINL, M MRS A (trans)

AN A2 #4 B (gauch), % 28 0 70 FHE R UL, 24 I ¢ =180° 22 AR
M, M g-+675 LN ARSI,

@ TR AR

E.(F)= > {AF)"-c(r)} (45)
nonbonded

W SRS HER A L) SRS, AW A, C IV 4.4 FiR, T &

A%

I T HEAR LIS A DUAS PA_ERE 5~ BAN[R] 7075 WL 22 T8 PR

R AAVUIELRBERSHER
Table 4.4 Potential parameter for van der Waals potential

A

C
[kJ/(mol>nm®?)]

[kJ/(mol>nm®)]
CH, - CH, 2.972x10"°

6.907x10°

ST RRBRIL IR, SR TL/RS BN T S, B TRE IR, 4T
pd i lipates e U P G Pt I AN E D] g i
RT3 T IRIBE B KB — 2 BEBS LUR 2012 1 (1 A AT A2 s
ARV, IR S AT A P R

4.2 FHEASTTENEFRN

421 BUFERFS

F R C IR AR I 9ok (] BE AT AR EIE a1 4.2 Frow, B h iliE 5
JE, R EETH 2 AP RS . AU AS BTN 100100560 A%, 5 JF p N 0.27948
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Fig.4.2 Schematics of polyethylene fluid in parallel nano-plane
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Fig.4.5 Distribution of methylene particle in parallel nano-plane
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Fig.4.6 Schematics distribution of polyethylene chain in parallel nano-plane
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Fig.4.8 Schematics distribution of polyethylene chain in parallel nano-plane
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Fig.4.9 Density profiles of the methylene particles along z-direction
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Fig.4.11 Distribution of methylene particle in parallel nano-plane
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Fig.4.12 Schematics distribution of polyethylene chain in parallel nano-plane
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Fig.4.13 Distribution of methylene particle in parallel nano-plane
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Fig.4.14 Schematics distribution of polyethylene chain in parallel nano-plane
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Fig.4.15 Density profiles of the methylene particles along z-direction
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Fig.4.17 Distribution of methylene particle in parallel nano-plane
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Fig.4.18 Schematics distribution of polyethylene chain in parallel nano-plane
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Fig.4.19 Distribution of methylene particle in parallel nano-plane
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Fig.4.20 Schematics distribution of polyethylene chain in parallel nano-plane
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Fig.4.21 Density profiles of the methylene particles along z-direction

44



4 ZORIB] B PAT P OB TE 5 LR 1 21 30 71 AR

o
-
T

[ - 2
" . P,
- & 3

o©

o

®
|

. ©
o o
5 O
o

o

o

N
—

Density of polyethylene chains

o

I TR TSI R R SRR
10 15 20 25 3
Slice number in z-direction
Kl 4.22 3R Z0 5y T REAEARAR 2 77 1) b1 03 1 BB B A
Fig.4.22 Density profiles of the polyethylene chain along z-direction

0

4.3 EFBEED T HEER

THN LBl (Poiseuille) £ FE1E R UM EEHESN T, A-tiynidd, Wnalifk, fEETE.
AT AR R AT R 4830, Hmah 77 I FLE 29026504 T 5R O ARAE
=PRI = TR AW, AN TR sh 5 W R iR sh R I T 2% 50,
AT GNP AT AR 3R A dm AR I s AT AR TS T3l L, BE
25 B A R e .

431 BUFER RS

TR L@ i sl g oK B BE AT AR @ TE a1 4.23 P, BDLT) A
AT )y 100100560 A3, 5 p 04 0.27948 glem®, 3 TEEHI4EK N 30, AMINfE
F /9 f =20x10%2 3/ A BEBIERE x 7 A y 77 1 SRR R A o, 2 7T
K AR SCHE HA )24 S S B T 1 2 AR A B 7 7 . BRI R G0 NVT &2, R A
IEVEE R RGURE, [ HARFRE T=450 K, J& -7 1A A0 BAE F R A 12-6L0 A femssd,
BT FER A Verlet BU{EAR 5.

ERH TGS FERIBLET, & Jext REtdAT 20000 fs FURTAENA fhfi RG0IA 2
PR 2, BRFF ARSI, R OERERS . X ER
Rt 13 W0 ERE R IR, R ECATESN 3B ER T R G068 5 I M R +¢
INr it . WA N 1 fs, BELETA] Y 200000 fs.

[FIFE, FESLTHK AR AT P HOETE NI H ISR 3R 40 155 1% FE 45
A AN B R~ YA T P I, R A H B R B RO R RS 30 N AR, Gt R —
JZ 53 FHE AN H BRI 2 H DL BE, AT DAAS 208 I8 P 138 2 8% R AN

45



E N2 e A9

FERL TP TR A
Bidl i, ARk SR 206 4 55K 300, JMIE % 12.5A. 25 A, 25 0.55896

g/cm 0.83844 glcm®, SMIFEF] 115x1023 1AL 10x1023 /A, DIBFsc4EK. i@
WPE RGCFHIE R AMIIER 10 R S AR R B R 2 o

S A

/ /
3, NS
/ /

K 4.23 GUKIAERFATF 4 P 3R S iR s AR = K
Fig.4.23 Schematics of polyethylene fluid in parallel nano-plane
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Fig.4.25 Distribution of methylene particle in parallel nano-plane

N BT P R AR M 43 B B AEREE N I A I O, 43 Rt
KN 30 FIBEK 9 300 (158 204 7 R AE R K [R) FE P AT P AR GE TE HH a3 (1) 37 R 28
RiF R 206 FRERI B FE A AR AT T Geit . B 4.26 2 HEK N 30 FIBEK A 300 1
ROy THEAE SN JTURE) S 9K ] BE AT P AR Pt 3 6 0 R 35 o A7 1S
M AT LA B, 78 RETH AR T BETH AR W BR8N %, W BETHI 1) 0ol
PR FE IR TG K, FRAE RO R AL M, MBEK 30 HEEK 300 FRL 2 FE
i 2 AH EL AT, A A AL BE K O 30 RT3 P /N T EKC DY 300 HHRL 125 5 . K] 4.27
SRR 30 FIEEK 9 300 (158 2.0 70 T HEAE A 1IR3 T 4ok [A] FE P47 AR 8 3E
WA TR M. BHETTAL, BEKOR 30 MR O n FRE% R, {ERET X
BEMRIPT AL N, BREE ) Osh T R, SIS TSR mmsEK oy 300 1
RO TREH MR, ROy FREER R ORBHE R, FEAEF O
A BB AR . 5Pl ARG, AR LR, AMINAE I D6 S B R TR 3R 20
oY EEAEIBIE oA B S AN B S

48



4 YK JA]ERAT P ARGHEE o 3 AR 201 80 ) AL

0 3:_ - #K30 _
- #K300

Density of methylene particles
o
o
1
——

57010 15 20 25 30

Slice number in z-direction
K] 4.26 . H SR 1 7EARAR 2 J7 1) b Bk 5 B AT

Fig4.26 Density profiles of the methylene particles along z-direction
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Fig.4.27 Density profiles of the polyethylene chain along z-direction
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Fig.4.28 Velocity profiles of the methylene particles along z-direction
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Fig4.29 Schematics configuration of a polyethylene chain in parallel nano-plane
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Fig.4.30 Density profiles of the methylene particles along z-direction
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Fig.4.31 Density profiles of the polyethylene chain along z-direction
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Fig.4.33 Density profiles of the methylene particles along z-direction
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Fig.4.35 Velocity profiles of the methylene particles along z-direction
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Fig.4.36 Density profiles of the methylene particles along z-direction
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Fig.4.38 Velocity profiles of the methylene particles along z-direction
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Fig.6.11 Radii of gyration with variation of time for different nano-channels
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