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Abstract

Non-equilibrium first order extrapolation boundary condition proposed by Guo et al.® proposed has a
good application for complex geometries, a second order accuracy and a treatment on non-slip wall boundary
condition easily. However it has a lack of the numerical stability from high Reynolds number. Guo et al.©
substituted the density value of adjacent nodes for the density of boundary nodes. This procedure causes the
numerical instability on the boundary. In this paper, we derived a procedure of density extrapolation and
compared to previous results.
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Fig. 1 Schematic plot of particle velocity near a
wall boundary
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£9(p(B),u) = £ (p(0),u) + O(£) + O(?)

(10)
= £9(p(0),u) +O(e)

Table 1 Single relaxation times related to Reynolds
number and the number of grid

Re

The number of grid

) 21x21 41x41 81x81 161x161 321x321
f9(p(B)u) = 1 2o LS A A Hr} 4 100 05600 06200  0.7400  0.9800 1.4600
400 05150 | 05300 05600  0.6200 0.7400
®°] 2 29 AEEE 7HA L Qo= ETEta 1,000 | 05060 | 05120 05240  0.5480 0.5960
e WE By oteo] TEEE WEsl 1 A 9 3200 | 05019 05037 05075 | 05150 0.5300
Aol &g gho]7] wiitol] AA 22 HAAX o=
1 A 2ol ofs) Aujs WA An. webd 3} 2 A
p(0)=2p(B)-p(B') = p(0)+0(s*) = AF8-3}]
AciAel WE g A BE AAF 2 A 4L omol me
—_ — o
=R B = W Wy By e _
'_l-l——"—zq;}- ]74] 051——]—;,/\ ]o o (9;:‘!‘; H]Tgﬁg 15<]_ 9/])‘\:} 73741}_@34_ ﬂﬂ' HE1L:_ 737415
A = 3 [e]
2 ;(]—./] > —= ]:er] ]E T )\1\::}‘ GUO]—et al. 7_]’ (] ij/] _/_Y[: /Ké ol ?_XE} }g% H]ﬂé]—7] o "5’}-04 Lid-
Z 7] 5. @7 —‘15_ H} A A o §‘ ) = i i _ o _
A =d= L el siatel el "= p(0) driven cavityell tha} x| )48 A A&},
= Agad A o ra 5= 9 N
= A A ans vE 5 A, AR AN SE7L EAST AslE TEE
7}z 7 E o =i b2 H "ol 1 o 37‘:]_,—(:51,
f7(0,1) =2 (p(B),u(0),t) - £ (p(B"),u(O),1) 7L el A i Seee] el
. ap A0l wE oaE grksle] £943) kgl
* o) {LB.0- 17 ((B)u(E) ) g e ANtk AT AN uk
2 ~ -
+0() Uy, =017 oW, U= 37je) wiwe d& 218
o} &) }\ Al A = AF Al A %A
I e e (el A A ue o e
C o qe] ABEE AL A7 26| B < B SRV 00w HF 2AS wEshE A7
1= 2 x Z 2 JIx= Z7o] =t}
T eTre= - M= 2 @) BAdsit aYnE vl 24
Q1 ZAzbe] WEZES iR A Heshe
b Wen S wa olpsel oay =  OH AW AN e W A4 218 4
Hl = < =] 2=
_loﬂ ]OH Q’]H ]OO‘I'O% . ]—E = —9—6‘]—031:]— E‘ ?j'?‘oﬂj\i A]—B—.ﬂ 7:121_ 9’]_ Eﬂoll"—
oo A o] W= A=Al o] 2= o] o oM © A
o]t [<Jm InSY 07:]]01]}\1‘4 = TaeE EZEa2 T M PN = ol = o)
B ° o B = ._[—oﬂ R rd'e %5} /\]Z_]__'C_‘ Table loﬂ ]%E]'L}
om, dw7t AGsHA FAElok st DA - ]
S e orerel srel obdsd Atk Sdew ALE FEE FAH b4
P2 Ry ul T S O} %
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Table 2 Vortex centers: various grids and treatments of density on the top wall
Primary vortex Lower left vortex Lower right vortex
Re Grid Boundary condition X y X y X y
100  21x2l :a 1 0.6135 0.7521 E E E
21x21 :a 2 0.6185 0.7502 - -
41x41 b 1 0.6147 0.7416 - - 0.9398 0.0417
41x41 b 2 0.6184 0.7412 - - - -
81x81 :c 1 0.6153 0.7391 0.0269 0.0372 0.9398 0.0579
81x81 :c 2 06173 0.7389 0.0184 0.0420 0.9371 0.0514
400 21x21 :a 1 - - -
21x21 :a 2 - - - - - -
41x41 b 1 0.5505 0.6172 - - 0.8725 0.1264
41x41 b 2 0.5621 0.6218 - - 0.8737 0.1229
81x81 :c 1 05525 0.6094 0.0459 0.0455 0.8808 0.1232
81x81 :c 2 0.6173 0.7388 - - 0.9370 0.0515
1,000 41x41 :a 1 - - - - - -
41x41 :a 2 0.5347 0.6075 0.0472 0.1473 0.8122 0.1579
81x81 :b 1 0.5285 0.5691 0.0816 0.0770 0.8575 0.1125
81x81 :b 2 05326 05712 0.0783 0.0747 0.8595 0.1137
161x161:c 1 0.5298 0.5668 0.0826 0.0781 0.8614 0.1121
161x161 : ¢ 2 05315 05673 0.0815 0.0771 0.8625 0.1125
3,200 81x81 :a 1 - -
81x81 :a 2 - - - - - -
161x161: b 1 05157 0.5422 0.0798 0.1202 0.8179 0.0838
161x161: b 2 05183 0.5423 0.0811 0.1171 0.8226 0.0861
321x321 : ¢ 1 05169 0.5405 0.0806 0.1198 0.8223 0.0839
321x321 : ¢ 2 05187 05411 0.0810 0.1188 0.8244 0.0848

Note: 1 adaption of extrapolated density on the top boundary ,(0) = 2p(B) - p(B)

2 adaption of density of adjacent nodes p(0) = p(B)
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