31 1 Vol.31 No.1
2003 1 Journal of Hohai University Natural Sciences Jan.2003

Lattice Boltzmann

1. 210098 2. 430072
Lattice Boltzmann LBM FDM
LBM
LBM.
Poiseulle
Lattice Boltzmann LBM
TV13 024 A 1000-1980 2003 01-0005-06
20 80 Lattice Boltzmann LBM
LBM CFD ' LBM
N-S . Boltzmann LBM Chapman-Enskog Taylor
Bhatnagar-Gross-Krook BGK LBGK 2
fox o+ edt b+t —ﬂxt:—%f[xxt—faeqxt «=01 b 1
@ a fo x t — x ot a 1. a
e, a T b—— . LBM
P pu Joo S
0= 2ufe= 2000 pu= 2L = 2000 e, 2
9 D2Q9 D Q
dx =08y =1 St=1 Cs =4/3/3 v= 2t-1/6 p=0Cs0 eg=0 a=1357
e,= cos a-1m/4 sin a-1n/4 a=2468 e,=V2cos a-1mn/4 sin a-1 /4
9 2 3 5
eq  _ . = . - =
Sl o= pw, 1 +3 e, u 5 e U U 3
_ 4 S o . §
CU0—9 w]_w3_w5_w7_9 (()2—(1)4—606—(1)8_36
FDM FEM LBM
LBM 36
LBM LBM
7=9  LBM FDM FEM LBM
2001-12-09

50009007
1975 —



6 2003 1

LBM
.Noble ° IBM FDM 8
. LBM LBM
LBM FDM Kandhai 7 ILBM FEM SMRX
LBM N7 N .He 1° 64 x 64 x 256 Rayleigh-
Taylor 16 256 M ——ASCI Blue Mountain
8CPU 128 x 128 x 512 32 80CPU
. LBM
FDM LBM
LBM. LBM LBM
. Poiseulle
LBM LBM
1
" 1 H h
iy-1 iy i+
Ju+1 ol-o—{oo—{ j/,+2
O—D—P——D Jh+1
Ju ol-o—{e—o—fol Jn
a up Ly =fi Y p: NI N N NI- N Jn-1
uy Ju-1 Bl-o{ol—o1{a] Tn-2
b
di" = fi = Ly [, 2R 1 B M S R A,
c I ;;1 1
Fig.1 Distribution of double meshes
dift = Iid,"
d
Ly y' dy
vy
e I
v = Ty
f
;lh" =u, + v
u," a ~ f . AIAG h
' NN N
LRI H O (] (I
Ii I 2
1 o Fig.2 Computational procedure of
c dy = Ilf,] 4" the double-mesh algorithm

din jn =g d =1 ji+ 1 +2d iy jy+ 1 o+

dig+1j,+1 +2d i, -1, +4d iy, j, +2d i, +1 j, +
dih—ljh—l +2dihjh—1+dih+1jh—1



31 1

Lattice Boltzmann 7
e v, = I%v,,"’
Vi, jn =V iy jn
. . 1 .. . )
v i, +1 g, =% YV iuJn +v ig+1jy
.. 1 . ..
v i, jp+1 =5 Vigjg +V iy jg + 1
Vi]l+1jll+1 Z%VL.H].H +ViH+1jH +ViH.].H+1+ViH+1jH+1
2 Lattice Boltzmann
Mei 12 Boltzmann LB FDLBE
CFL LBM LBM LBM 1
fa
0.5. Re 1/t
Cao fo
u I
LBM
H =
2h.LBM ox
IBM FDM . LBM 1 LBM
2 u 0
Up  Po
3 fa Y uh}/ [Ohy
C uhy {0/17
uy = I'uy on = Il oy
d Uy P 3 Sa Y u, {OH}/
e u, o
w, = lju,f on = Thod
f uy [Oh b ~ f
LBM
3
Poiseulle LBM LBM
LBM Pentium [l 866 MHz
128 M
3.1 Poiseulle
2
yroo_ Ip _
2L 4L ux:u()l—L2 u,=0 ug ax——G



2003

Ip

ay =0 G= 2p0vu0/L2.

u)r = u; =
0.Nx=2Ny v=0.02 uy=0.1 Re=uyNy/v. Tol=10"° (E3 L,
ZHuijt+l—uith/Z”uijt”gTol 4
ij ij
em=max uy-u, *+ uy-u, > "*/u, u, u,
1 em 4
a6
CPU 3 em 13 o~ R
2 —— XU [ 4%
1 em )
Y
em 1.43% . 1
0 1 L ! L L L )
10 20 30 40 50 60 70
. Ny
T,/T, 13.51%
3 em
32.22% . . . .
Fig.3 Relationship between
grids and em
1 em CPU
Table 1 em and CPU computational time of uniform-mesh and double-mesh algorithms
N . CPU CPU T,/ T,
! ! em/107* T\/s em/107* Ta/s /%
20 10 3.635 8 3.588 2 25.0
32 16 2.504 37 2.511 5 13.51
40 20 2.304 88 2.275 13 14.77
64 32 1.726 527 1.732 103 19.54
80 40 1.286 1234 1.293 287 23.26
100 50 0.947 2855 0.935 775 27.15
128 64 0.487 7246 0.480 2335 32.22
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Table 2 Comparison of CPU computational time between
= Ho = uniform-mesh and double-mesh algorithms
< ) CPU CPU T,/ T,
N My T\/s Ty/s /%
[N S 36 12 20 3 15.00
48 16 58 8 13.79
4 72 24 302 53 17.55
Fig.4 Sketch of backward-facing step flow 9% &) 004 185 20.02
120 40 2099 532 25.35
2 144 48 4057 1210 29.82
180 60 9285 3082 33.19
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Lattice Boltzmann Method with double meshes

WANG Xing-yong' SUO Li-sheng! CHENG Yong-guang’ LIU De-you'
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Abstract To overcome the low computational efficiency of the Lattice Boltzmann Method LBM with uniform mesh an

LBM with double meshes was developed with its basic thought borrowed from the double-mesh algorithm in the finite

difference method and its basic principle based on the character that the variables of the LBM are continuously distributed

in the continuous flow field. Taking advantage of the merits of both the coarse and fine meshes the present method

accelerates the convergence rate and improves the efficiency of computation. Two numerical examples i.e. a two-

dimensional Poiseulle flow and a backward-facing step flow prove that the computer time by the double-mesh LBM is

much less than that by the uniform-mesh LBM and that the results obtained are correct and reliable.
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