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Fluid flow simulation in carbon nano tube using
molecular dynamics

Y.S. Woo, and W.I. Lee

Abstract

The dynamics of fluid flow through nanomachines is completely different from that of continuum. In
this study, molecular dynamics simulations were performed for the flow of helium, neon, argon inside
carbon(graphite) nanotubes of several sizes. The fluid was introduced into the nanotube at a given initial
velocity according to given temperature. Diffusion coefficients were evaluated by Green-Kubo equation
derived from Einstein relationship. The behaviour of the fluid was strongly dependent on the density of
fluid and tube diameter, not on the tube length. It was found that the diffusion coefficients increased with
decreasing the density of molecules and increasing the diameter and temperature.

Key Words : molecular dynamics simulation, Nano, Heliurn, Neon, Argon, Carbon, Carbon Nano Tube,
Lennard-Jones Potential, Ensemble, Green-Kubo equation, Diffusivity
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property value
He-He 0.2633
a[nm] Ne-Ne 0.2740
Ar-Ar 0.3350
He-C 03191
Ne-C 0.3245
Ar-C 0.3573
He-Ne 0.2687
He-He 1.5065e-22
efJ] Ne-Ne 5.00e~22

Ar-Ar 19.9608e-22
He-C 26747e-22
Ne-C 4.6174e-22
Ar-C 19.7167e-22
He-Ne 3.2532e-22

C 12,0110
masslg/mol) He 40026
Ne 20,1797
Ar 39.948

Table 1 Properties of He, Ne, Ar molecules
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condition CNT |molecule] N, |TIX]
o Bl
3000660:50) | He | 2 | 100
e 1‘ 40
sl . :
density | 30006050) | Ne | 55 | 100
4
10
3000660450 |~ Ar | & | 100
single 4D
gas - 3000(60+50)
40060+ 75) He 20 |10

o | Eneth | s0i60+100)
CNT TH060125)
size T 3000(@0%50)

diameter | 4000(R0450) | He 20 | 100

BO00U100+50)

100
s3 150
temperature 3000(60+50) He 20 20
200

binary o HeéLZO) 10(Ne)
! 30(60%50) MNe)| N0

gas density Ne | 30(Ne)
[ ] : variation

Table 2 Simulation conditions

EAZFER 47 Ao 2AE £
Lz Husts SEHEL FIAASFE 23
e F79 AARAE 2% ¥
AR ole) % oz el
olgt & AEAle A% A AfY FH2 9
3 L8

L
e Be v

ful

mio
i)
o o
b 4
P'L
g

T ZP4 o8& HEate] EAR 3}%5}— R‘J—% A
Aretact

BAE ke T Alag WA Alzto] Agel w
& FFL BEo] Hojok 37| wiiel, £x71 AS
A Aol Hojok 8k, £x& RAS] A o 7t
A guelFol ARFHAR & dTeME £ A,
79, 28 dASA FANTe NVTEE €39
6618 AT e 2o

s [Pty
m- V‘-2
v;lew — v:)lzl . )\ (6)



714, A= &% B AA S (velocity scaling factor)e]Th.

gz, AdY 49 a4 dux|g uEgez
FH BARz gozRE she BAES sMeEs
9% o] FaREH o) Fahy] AT FAHY AR
Wozt predict-correctd] HEHU #WH< Runge
Kutta 2 order®] W& olg3te] Faairh

AAA 7l M= time steps 0.625fs(femto sec -
10%ec) 2.2 Aestel, AFH o] Ul of2Td)
vs) Aoizog Aol e Balg #E FE A
23 JANE F4T F UA=F A, ANFTERATE
o] ZALRZAGA BatAlSe] gho] vlnA 4HE ge
2 s Ao Holv 12ns7HA] 1929 steps
RIS

KE|-

w
B
il
R

ffo
i1
o
22

g2 UM 7|ed NVTH e 93 fig. 5

s3_Temperature_Temperature of Gas

300
£3_T(1100}
- e 83_T(150)
250 4 AR RN e et — 3_T(1200)
——— 83_T(1250)
oy
Z I y
g
E
& 150 ¥ H
o}
g
g 100
~
50 4
0 4
y - y y r v ¥
0o 20810 40610  60e-10  80e-10 1069 1209

Time [secl
Fig. 5 Temperature of gas according to NVT ensemble
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Fig. 6 Pressure of gas according to NVT ensemble
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Fig. 9 diffusion coefficient according to density of gas
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simulation | calculated
result | from Eq(7)

simulation condition Dim%s] | Dim¥s]
*el0 *ed
He 10 13011 | 42392

He 20 0.9421 2.1445
He 30 0.9067 1.4276
He 40 0.6474 1.06%

Ne 10 0.1974 0.8663

sl Ne 20 01424 | 0435

density Ne 30 0.1166 0.2881

Ne 40 01003 | 02162

Ar 10 00572 | 0434

Ar 20 00215 | 02151

. Ar 30 00056 | 01432
Slﬂagsle Ar 40 0.0046 | 0.1039
g 300060+50) | 09421 | 21445
length | 4500(60<75) | 09889 | 33381

0 | e a00(60%100) | 09701 | 45301

CNT 7500(60+125) | 1.0059 | 56992

size 3000(60¢50) | 09421 | 21464
diamneter| 4000(80+50) | 11617 | 38188
5000(100%50) | 13037 | 59362

100K 08651 | 21464

3 150K 1921 | 2898

temperature 200K 25811 3.6032

250K 32432 | 42505

He20 02416 | 02635

binary 4, He20 & Nel0| 01082 | 01509

gas density

He20 & Ne20| 0.1023 01131
He20 & Ne30{ 0.0321 0.08%

Table 3 Comparison of diffusion coefficient
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