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Fig. 1. Schematic of the shear-driven gas flow in the

nanochannel.
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Fig. 2. Schematic diagram of the roughness geometry.
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Fig. 3. Schematics of the shear-driven gaseous flow in a

rough channel.
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Fig. 4. Velocity profiles with different surface stiffness:
(a) Normalized velocity profiles; (b) near-wall velocity pro-
files.
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Table 2. Shear stress and TMAC values with different surface stiffness.

K/e-o7? pButk/kg - m~? A/nm H/nm  Kn TTheo,o=1.0/kPa mvp/kPa TMAC
300 1.76 65.00 10.90 5.96 19.88 12.19 0.750
500 1.76 65.00 10.90 5.96 19.86 12.07 0.746
800 1.76 64.95 10.90 5.96 19.89 11.95 0.741
1000 1.76 64.98 10.90 5.96 19.88 11.96 0.741

0o 1.76 64.72 10.90 5.96 19.95 11.75 0.736
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Fig. 8. Normalized velocity profiles with different surface

roughness.
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Fig. 10. Near-wall density distribution with different sur-

face roughness.
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Fig. 11. Near-wall normal stress distribution with different

surface roughness.
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surface roughness.

BNV gopiR A Dby

N T WEIE R Gl B X AN K 3 T N AR Bl
P B L) o) 6 7 AR RSO I AL, B 3 e
4 10.90 nm BT BT YIRS REITALALL, A 534011
AR TR B AR — 2, R RGPS, 42
TR IR N | B | TN ) R B U ) o0 AT

P 13 AN R E 25 T i3 i I f 405 2
A7, w0 R A S A U Y M AR I 4 3

3.3

U/m-s~1

— 404

O

—a— T=248 K
—o— T=273 K 4

—v— T=323 K
—— T=348 K
—<4+— T=373 K

I
I
I
I
I
I
I
| —A— T=208 K
I
I
I
I
—50 I
I

—60

T T
0.5 1.0 1.5 2.0
Z/nm

/)
@ Bulk flow region
penetration depth !
T
0

P14 AR A5 3 BE DX Jol 3 37 3 B 43 A7
Fig. 14. Near-wall velocity profiles with different temperat-

ure conditions.

Kl 15 A RIELRE 26 AR T BRI B B oA, th
T ER XS T, A SCRRAR T HiEE
T 2.0 non 6B PA A8 56 3 A, Ji 8T R T R ) 0 Af
LBy U SR T ik AR Trik. g 15 alA,
TE B TR A FH 3 582 0 P e i DX, AR 8 JEE i
JE BRI 5, P T AERIAR B BT A R, o
AT BT E T AR H A RUAY T, IR, AR
BERLARIS , SR> TR ) R 2 S EOR T O
DI 1 55 A PR AT &1 16 St 3 Hh i TE I g 43

124702-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Vol. 68, No. 12 (2019)

124702

¥ 12 % Acta Phys. Sin.
12 T T T T
|
10- @ | e T=248K |
I —o— T=273 K
! ! —A— T=298 K
w87 | v T=323K
= I —e—T=348K
@ 6 ‘ | —«—T=373K A
~ 'Walll I I
N |
= |
2 47 | i
o
@] |
2 i
Wall force | . .
07 benetration depth Bulle flow region 4
T T T T T
0 0.5 1.0 1.5 2.0
Z/nm
15 [ R T S B DX i 37 8 0 A
Fig. 15. Near-wall density distribution with different tem-

perature conditions.

A, IER 70434 3B RS AARLEE A OC, /ﬁiiZ/E’J/m
WU AR R IE R ) BRR, MDD TS5

I T XA BV I ﬁ%%ﬁnﬁﬁ’]ﬂm
T FE . B MD TR 307 X Y 15 N 25 SRR

JE

100

T
I
I
I
I
@ I
% |
5> —100 - b
% ‘Walli I . T=
@ _900- | T=248 K |
< | 273 K
g I 298 K
I
Z. —300 i \ ‘ 323 K|
! | 348 K
@ Wall f ! T K
4004 all force I e e T
penetration depth! Bulk flow region
T T T
0.5 1.0 1.5 2.0
Z/nm
Bl 16 R DR E 2 P AT O S5 06 1 3 A

Fig. 16. Near-wall normal stress distribution with different

temperature conditions.

HHAR S Ay

BTN B 45 SR 5 T 5% 3, X ke R PR,
TR TR 254 F MD 5 i 45 S A By
BIRZEANE 2%, DL ESS R E AR T MD 1

/& o]

SR g e

# 3 AFHREEFMT T3 X EUER ) 5B EX L
Table 3. Comparisons of normal stress with its theoretic values in bulk flow under different temperature conditions.
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248 1.69 87.97 84.88 87.11 86.65 87.00 0.40
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323 1.80 120.26 116.97 119.68 118.72 120.93 1.83
348 1.82 130.32 127.12 129.69 128.99 131.79 2.13
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Fig. 17. Near-wall normal stress distribution with different

temperature conditions.
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Abstract

A three-dimensional non-equilibrium molecular dynamics method is adopted to investigate the influence of
wall force field on the nanoscale gas flow in the transition regime. For the gas flow under nanoscale condition,
the dominant effect of the wall force field on the flow field is more obvious, and the flow physical quantity is
more sensitive to the change of the wall condition and system temperature. The motion of the wall atoms is
governed by the Einstein theory, with using an elastic coefficient k& to model the surface stiffness. The results
indicate that the surface stiffness has little effect on the physical quantity distribution of the bulk flow region,
but a certain influence on that of the near wall region. Increasing the value of the stiffness changes the velocity
peak of the gas in the near-wall region and the tangential momentum adaptation coefficient (TMAC) towards
lower values, thus demoting the momentum adaptability of the gas molecules to the surface. The wall roughness
is simulated by a typical pyramidal model. It is found that the influence of wall roughness on the flow is very
obvious, whether it is in the bulk flow region or in the near wall region. For the former case, the increase of
roughness leads gas velocity and shear stress to increase, with density and normal stress remaining constant.
The linear distribution of physical quantities is also affected to some extent. While for the latter case, as the
roughness increases, the velocity of the fluid increases rapidly and approaches to the wall velocity. The peak of
density increases, and the adsorption of gas molecules at the surface is obvious. The TMAC approaches to 1,
suggesting that the gas and the surface achieve a complete momentum adaptation. Besides, the influence of
system temperature on the gas flow in the nanochannel is also studied. The system temperature is controlled by
the Nose-Hoover thermostat, making the flow field maintained at the target temperature through the damping
coefficient. The results show that the effect of temperature is global in the whole flow region. The increase of
temperature causes the flow velocity of the whole flow field to decrease, while the normal stress and shear stress
to increase. A higher temperature leads to more frequent collisions between gas molecules, thus increasing the
effective viscosity of the gas. At the same time, the degree of gas molecule adsorption in the near-wall region is

reduced, contributing to a smaller TMAC value, and consequently a weaker gas-surface interaction.

Keywords: nanoscale gas flow, wall force effects, tangential momentum accommodation coefficient, shear

stress
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