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Fig. 1. Schematic illustration of the curved boundary.
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1o} (a)
0.8
% 0.6 |
:’? Analytical
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* ¢g=1.00
0

1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

y/H
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0.8 F
% 0.6
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2 (TR ) AR q BT B e i o & 45 43
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DBB % AL R

Fig. 2. (color online) Normalized velocity profiles of
the aligned microchannel flow with different values of
q (Kn = 0.0194): (a) The present scheme; (b) the
half-way DBB scheme.
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K1 AF q &M TFAHERE half-way DBB R 25T (Kn = 0.0194)

Table 1. Computational errors of the present scheme and the half-way DBB scheme with different values of

q (Kn =0.0194).

Heij(*ﬁxﬂ‘l%% Rmax *ﬁﬁl%'% E>
q PR TE Half-way DBB 3t KUK Half-way DBB %3
0.25 0.1250 0.267 0.01920 0.0418
0.50 0.0529 0.000907 0.01040 2.02 x 10~7
0.75 0.0179 0.164 0.00420 0.0393
1.00 0.0104 0.276 0.00280 0.0762
CEBUS TR A I B RR R 3532 J AR 35 2
A ik P A1
1.0F (a)
0.8
DE 0.6 -
S~
3 Analytical
0.4 Present
e tanf = 0.46
A tanf = 1.20
02 s tand = 3.72
OO 0I 2 0I 4 0I 6 0I 8 1.0
EI3 AR R ' Sy ' '
Fig. 3. Schematic illustration of the inclined mi-
crochannel. 1.0 (b)
Bl 4 (a) FIE 4 (b) 28 325 tH T 24 Kn = 0.0194 0.8k
iF, K A 3C# 3 fhalf-way DBB # X it & 3
N . s 0-6F
75 3 B 8 JC B A0l B e A 5 AR AT R L 5 —— Analytical
04k Half-way DBB

& oL B4R AL TEAS AR A S LT,
AR LG RMBETMBELAFAR
4, 1M half-way DBB % =X 1) #5540 &5 5 78t i
T BE T Kb K B BB . IX 2 KA half-
way DBB#% 3 58 br ¥ 3 i 5t 5 W% 28w B
&2 185 8 0.50,, 1515 00/} 1 o 38 BE T K B
BAR.

R 245 W TARBRNA &AM (Kn = 0.0194),
A HE A half-way DBB #2015 45 iR Z XS b
L. A 2 W AN, A0t UL half-way DBB #% 20

e tanf = 0.46
4 tanf =1.20
= tanf = 3.72

0.2

0 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

y/H
Bla  (MTIRE) A EMR 0B, 00RO E i 8
BNEE NG (Kn = 0.0194)  (a) A SO SBLSE 5
(b) half-way DBB %21t 45 5

Fig. 4. (color online) Normalized velocity profiles of

the inclined microchannel flow with different inclined
angles § (Kn = 0.0194): (a) The present scheme;
(b) the half-way DBB scheme.

£2 ARABRAEETAKA S half-way DBB i HIRZE L (Kn = 0.0194)

Table 2. Computational errors of the present scheme and the half-way DBB scheme with different inclined

angles 0 (Kn = 0.0194).

o B KM A2 Rimax AHXTRZE Eo
AR Half-way DBB &\ ASCHe Half-way DBB I
0.46 0.00804 0.364 0.002100 0.0354
1.20 0.00279 0.333 0.000514 0.0357
3.72 0.02650 0.345 0.000531 0.0401
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Fig. 5. (color online) Flow past a microcylinder (Re =
20, Kn = 0.015): (a) Streamlines around the micro-
cylinder; (b) normalized slip velocity profiles on the

surface of the microcylinder.
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Fig. 6. Schematic illustration of the concentric micro-

cylinder Couette flow.
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Fig. 7. (color online) Normalized velocity profiles
of the microcylinder Couette flow: (a) Kn = 0.05;
(b) Kn =0.1.

%3 AR Kn 54T ACHKNRS half-way DBB #3 & 1E DBB # it HiR 246t
Table 3. Computational errors of the present scheme, the half-way DBB scheme and the modified DBB

scheme with different K'n numbers.

HXRZE By

Ak, Half-way DBB I3 f4IF DBB K

5 BHRAAR IR Z Rmax
Kn#t
Ak Half-way DBBH% 1&1E DBB %3
0.05  0.0278 0.303 0.408
0.10  0.0651 0.310 0.462

0.00591 0.0258 0.0190

0.0230 0.0448 0.0350
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Abstract

A new curved boundary treatment in lattice Boltzmann method is developed for micro gas flow in the slip regime.
The proposed treatment is a combination of the nonequilibrium extrapolation scheme for curved boundary with no-
slip velocity condition and the counter-extrapolation method for the velocity and its normal gradient on the curved
boundary. Taking into consideration the effect of the offset between the physical boundary and the closest grid line,
the new treatment is proved to be more accurate than the traditional half-way diffusive bounce-back (DBB) scheme.
The present treatment is also more applicable than the modified DBB scheme because the specific gas-wall interaction
parameters need to be determined to ensure the validation of the modified DBB scheme.

The proposed boundary treatment is implemented to simulate the benchmark problems, which include a Poiseuille
flow in the aligned/inclined micro-channel, a flow past a microcylinder and a microcylindrical Couette flow. The results
and conclusions are summarized as follows.

1) The force-driven Poiseuille flow in an aligned microchannel is simulated separately with different values of wall-
grid offset ¢dx (¢ = 0.25, 0.5, 0.75, 1.0). With the consideration of the wall-grid offset, the numerical results with the
new boundary treatment show good agreement with the analytical solutions. However, the results obtained by using
the half-way DBB scheme only accord well with the analytical solutions under the condition of a fixed wall-grid offset
(g =0.5).

2) To demonstrate the capability of the present treatment in dealing with gas flow in a more complex geometry,
the force-driven Poiseuille flow in a micro-channel is investigated separately with different inclined angles. The present
numerical results fit well with the analytical solutions. However, the discrepancy between the results obtained with the
half-way DBB scheme and the analytical solutions can be clearly observed near the inclined boundaries.

3) The gas flow past a microcylinder is simulated to prove that the present treatment can deal with the curved
boundary. The slip velocity profile along the micro cylinder periphery obtained with the present treatment accords well
with the available data in the published literature. However, the results obtained with the half-way DBB scheme show
lower values than the results from the published work.

4) In the simulations of the microcylindrical Couette flow between two coaxial rotating cylinders for different
Knudsen numbers the results obtained by using the present treatment show excellent agreement with the analytical
solutions. However, the results obtained with the half-way DBB scheme and the modified DBB scheme deviate obviously
from the analytical solutions near the inner and outer cylindrical walls, respectively.

In summary, the new boundary treatment proposed in this work is capable of dealing with the complex gas-solid
boundary in the slip regime. The new treatment has a higher accuracy than the half-way DBB scheme and shows a
better applicability than the modified DBB scheme.

Keywords: curved boundary, lattice Boltzmann method, slip regime, micro gas flow
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