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Fig. 1 Inclined cavity with a tilt angle of 45° driven flow model
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Fig.5 The horizontal velocity distribution curve in the oblique geometric centerline
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Fig. 7 The velocity vectors and streamlines obtained through GILBM for Re=10
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Fig. 8 The velocity vectors and streamlines obtained through LBM for Re=10

03 2.0 30
X =)
(a) WFRE
I 8
a  Benchmark
3.01 ——GILBM
—-—-LBM
2.5F
2.0F
3 1.5k
1.0F
0.5F
0_
-0.5 . . . . )
0 02 04 06 08 10

x/x
(a) Re=10
&9
Fig. 9

3.5
3.0r
2.5F

o Benchmark
——GILBM
—-—-LBM

2.0
8 15+
1.0F
0.5r
oF
-0.5

0 02 04 06 08 10

x/x
(b) Re=100

5 R A P H L

Comparison between the boundary vorticity and benchmark solutions



%34 FHEMN,E EAMEERLTRTHMETF Boltzmann 7 3% W R A R 361

0.1f
ok
-0.1F
[SH
-0.2F
~03F
&  Benchmark
Al — GILBM
-0. —-—LBM
002 04 06 08 10
x/x"
(a) Re=10

0.1

& Benchmark

——GILBM
--—-LBM

030203 06 08 10

x/x
(b) Re=100

F10 305 ) 5 o i 4 LR

Fig. 10 Comparison between the boundary pressure and benchmark solutions

Bl 10 45 T 3 AR J1 W5 % Roach i T i1
FH AL B, Y Re=10 B, 7 R 7 1 45 15 (9 42
P25 T 5 B A 0 W 5 R R Ll R R AR 1Y
WIRh 7 5 56 i =2 8] B4 7 2 AH 65 25 43 1l 4.
27% (GILBM) I 11. 08 % (LBM) , 5 F GILBM Jr
AT B 1 3 B R D E S S R S AR A
MM 24 Re=100 i, 40E 10(b) 7 , LBM J7 8= 45540
g B R WER S I GILBM 7,

4 & g

FH LBM Fil GILBM X 45° %47 i 4 T 25 9K
Bl Al Roach 38 38 P /Y L (4 U 2 o) LR AT T AFF 5
IR G5 R B M AT LU B A5 I LUF 4598

(D) X5 450 A0 0 3 47 5 P o B i
LBM # GILBM #BRE ik #3153 2K

(2) MEATE M, X F B AR Ay
SRR UL 3 AR A0 [) A, Y R T B /NI LBML [
GILBM M ; 4 Re 34 K 2| — & 8 &, LBM J5
BT AL H B SR AR E . GILBM
MR SR AR A B v AR A M R R e

(3) Yy ik F2 M & mt , GILBM R AU
2k 30 B RR L T LBM, T HJCIE & il B R,
GILBM 7£ 31 FHAb it 545 A L LBM T fER

(4) M8 X 0 K i, LBM J5 i 75 ZE 58
DA% B, 0 GILBM J7 1 AN 55 2235 i 9 4%, T
KA I ORI = F LBM Jrik. 47
S22 R L LBM R R R B T, B Ak B
HC SRR A s GILBM i B L LBM BB 2%, (H 2 A4
5 B Ak BE AR AT B A SR R R T AR A T
2t SR {00 EE A5 RTOR W M R GE Yk B BT,

5 2% L #K (References) :

[1] Chen S.Doolen G D. Lattice Boltzmann method for

fluid flows[]]. Annual Review of Fluid Mechanics.,
2003,30(1):329-364.

[2] Filippova O, Hanel D. Grid refinement for lattice-
BGK models[J]. Journal of Computational Physics,
1998,147(1) :219-228.

[3] fT#%,E F,%& K. #%-F Boltzmann 7 ik ) % it
Z s MM, b5 A% Ak, 2008, (HE Ya-ling,
WANG Yong, LI Qing. Lattice Boltzmann Method :
Theory and Application M]. Beijing: Science Press,
2008. (in Chinese))

[4] Filippova O, Hanel D. Acceleration of lattice BGK
schemes with grid refinement[J]. Journal of Compu-
tational Physics,2000,165(2) :407-427.

[5] He X, Luo L,Dembo M. Some progress in lattice Bo-
Itzmann method (Part 1) nonuniform mesh grids[]].
Jowrnal of Computational Physicss 1996, 129 (2):
357-363.

[6] He X.Doolen G. Lattice Boltzmann method on curvi-
linear coordinates system: flow around a circular cyl-
inder[J]. Journal of Computational Physics, 1997,
134(2) :306-315.

[7] Peng G W,Xi H W, Duncan C, et al. Finite volume
scheme for the lattice Boltzmann method on unstruc-
tured meshes[ J]. Physical Review E,1999,59(4):
4675-4682.

[8] He X.Doolen G. Lattice Boltzmann method on curvi-
linear coordinates system: vortex shedding behind a
circular cylinder [ J ]. Jouwrnal of Computational
Physics,1997,134(2) :306-315.

[9] Imamura T, Suzuki K, Nakamura T, et al. Accelera-
tion of steady-state lattice Boltzmann simulations on
non-uniform mesh using local time step method[]].
Journal of Computational Physics, 2005, 202 (2) ;
645-663.

[10] BT, Gl QiR kA3 494 F Boltzmann 4% 4



362 it & 4 % ¥ #® %31%

[D]. X% 3 £ X %,2010. (ZHOU Wen-ning. Simu- Bench-mark solutions[ J]. International Journal for
lation on Fluid Flow Through Complex Microchannel Numerical Methods in Fluids,1992,15(3) :329-354.
with Lattice Boltzmann Method[ D]. Dalian Univer- [12] Napolitano M, Orlandi P. Laminar flow in a complex
sity of Technology,2010. (in Chinese)) geometry: a comparison [ J]. International Journal

[117] Demirdzi¢ I, Lileke Z, Peri M. Fluid flow and heat for Numerical Methods in Fluids, 1985,5(8):667-
transfer test problems for non-orthogonal grids: 683.

Comparison of two lattice Boltzmann schemes in cartesian
coordinate and body-fitted coordinate system

LI Wei-zhong™, FENG Yu-jing, DONG Bo, ZHANG Ning
(Key Laboratory of Ocean Energy Utilization and Energy Conservation of Ministry of Education,

Dalian University of Technology.Dalian 116023, China)

Abstract: In this paper, Lattice Boltzmann Method (LBM) and generalized form of interpolation lattice
Boltzmann method (GILBM) are applied to study the inclined cavity with a tilt angle of 45° lid-driven
flow and fluid flow characteristics in Roach channel. The simulations are compared with the benchmark
solutions. It is found out that for the inclined cavity with a tilt angle of 45° lid-driven flow, when the
Reynolds number is small, the results obtained from the two methods are in good agreement with the
benchmark solution. As the Reynolds number increases, the accuracy of simulation based on LBM re-
duces,while the accuracy of the consequence obtained from GILBM rises with good stability. In terms of
fluid flow in the Roach channel,the accuracy of the two methods is related to complexity of the boundary
and Reynolds number. According to the different requirements of the complexity of the boundary shape,

meshing and accuracy,the two methods have some advantages and disadvantages respectively.

Key words: LBM; GILBM;inclined cavity with a tilt angle of 45°; Roach channel; Reynolds number



