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Abstract

Lattice Boltzmann Method (LBM) is a numerical method based on molecular dynamics theory de-
veloped in recent years. It has the characteristics of simple calculation and easy boundary treat-
ment. In this paper, the flow with low Reynolds number for NACA0012 airfoil were analyzed and
simulated based on LES method with D2Q9 model. The numerical results show that the numerical
results of the LBM method fairly agree with the reference value of CFL3D for the low Reynolds
number and the unsteady turbulent flow field of the simple airfoil. Thus, this method is effective
for calculating the wing flow field at low Reynolds number.
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1. 5l

Lattice Boltzmann Method (LBM) & 7E i 25 1) 20 £ 4 HLIZ W R R R i — Rl AR Rl T GL i Sk
J15(CRD)HITHR T[] MHEL T RAEARZ . A REREEE SR E AR KA, LBM 2T
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LBM J5 42 4% < H ML (Lattice Gas Automata, LGA) & JE T K [3]. 7E LBM J7ikdr, AR
JE IR 8 I BSOS AL~ 14 ) B A 380 DXt 43 B IO — R B RRL 1~ (T ) BT T B O — R 470 DI [
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& S H5] [6]
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f, (r+e,dtt+ot)- 1, (rt)=Q, +4tF, (4)

SRAPE (L) 26 25 [5) I 2 I 4% () R B 4 ), B R R MEAE T P v AR, el T 25 0 2 oWt
B, He [7IHEIAR:, X2 (E B, /B340 T 771 (2D):
f, (%)~ £2(x1)

f,(Xx+€,Att+At)—f, (xt)=— (5)
T
Hr
. 9, 2 3,
foi(xt)= pw{1+3ea-u +E(e£~u) -5 } (6)
(0,0) a=0
€= [cos((a_1)nj,sin[(a_l)nﬂ a=8 @
4 4
i a=0
9
1
W, =13 a=1234 (8)
L a=5,6,7,8
36

AR TE 2 4E 0 HEA 9 MBS HOEE, PRI X Fhod B2 B i v D2Q9.

Hsz, LBM AR T LGA (Lattice gas automata). i Higuera F1 Jimenez $2 Hi B —Floks flf 8 557
AR TR AL[8] LA K Higuera S5iE— 542 H (1) 385 st 24 i) 5 (A2 e PR () s Al il 4 5774 [9], LBM
EBR T Guit g FE 25 AL BEAE A S U At A Bk S T G S 1 LBM DA 47598 42 Fermi-Dirac
SPHTAS oA R, LGA [ A G sSASRAELE S T it — DAkl 51, Chen. Qian $2H T H SRT (single
relaxation time)id F 4% B R 0 (¥4 T BGK (LBGK)FAL[10] [11] [12], AHELZ B4R HAOBERY, RS
A RRLF R I E 44, EEE M T LBGK BEA il 15 51 A B 2 R AR U

JE O TR A (A AT B, E R A:

p=2,fo=21rpu=3 & f, =& 1" ©)
W2 REZERTT, % BEAR AR, 7T H (5)H1(9)45 2 Navier-Stokes 7574

%p+VpU=O (10)

p(%"'vjuiujj:—vip‘f‘vvj(vi puj+vjpui) Y

ﬁgﬁﬁﬁﬁwfz4,gﬁp=m&
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i1 B LBM 77 VA 748 R e Tl 3 T R 1 28, RO B AORE R 2 R e i
IR . 5T LBM 7t BB S0, o T30 4 1 b 035923 10 B B R A
B E R W T PR S LT A A AT B, TR SR B AR 300 A 5 3R 30 T
. HR, I L AT R B A R AR . B AR AMIERS T DL S 2 T B
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I EEDUSR . MR T HA =R 3, a8 R U AN TR BB R B R I A R, — R BRI
T 2% A A B Gt SO 5 RS S U BB e A T S B ROR A A R K B A R R
I SR B R B R A B AR 5 S BRI F T i R RN 3 A1 R B )RR

2. fx=p. X e tx=pu (12)

PASRAFID A f LR AT R A BARE R RN B ) 2 AT LKL B — SR e (R 45 1, HA2
AAAEAR K R PR, I FLAE T FE rp 75 BN 1 2% A () — e B Al e AR e, AR 30 B — Mg 57
Fo BHE, ARG R AA T (CFD) J7 VA 1 SR FE T2k A5G LBM J7 k1 S A AR A BiA% U3 Hh
THMERIE . SRS T M =M b A X, F B T i S AE i . DY ab B
K REA AR RAE TG, RS2 SR RS B DL RS St 22 AR K, BRI AE RS B ) 55 ZEAR
SEAA B o 3 A PR S AL B AR T B LBM 5 i AN IR % LA 2 e 1) R 75 B, il ) AR 2
freEgfe 7 DA 2 AR RIS 5K, i 2 J 33 4% =X (continuous bounce-back scheme) [13]+
AR 7% (volumetric method) [14] [15]BA f&i2 i1 7 (immersed boundary) [16] [17] [18].

Wk R 7T, AR SIMRE . 2 B IR . TC RS BOARSE WA AL B AR tH I ZE A T LBM J73E (1 3
VA, AHfF LBM J7kiZ M 78 58 2 R A 2 s bR (1 B [4]

2.2. JLiytRE

ARSCEAL T NACA0012 AL NBI TN B, EAE Ay AT Ul e %, Rk mT BLD5 (8 st
FPXF OIS o A SO KSR /N 60 ¢ x 40 ¢, THEXIRAME I A AE . A T SR EUE T
ARSI S FLAT SENE, ARST LBM T30 2R F A RS A2 BT 22 0 TE RS AL AR o M AL B B AR A BN Jal
R AT, A TG B 70 AT LU AR B . I X SR ATT T 2.56 m, B K LR
79°0.005m, Il 1R, ANAESS AL AE T RO TT %, AU A TR BEEDE HARIE 7R RORS E[19].
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A LBM J5 3255 & % %09 Re =500 T NACA0012 F Y47 HUBE A, K4k B 5 2% CHk[20] [21]
Frit 2 A AT XS LA, BiEH LBM 7V 7E THER S T80 N B SE iA 2k . O T IR B T 5% K 4%
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2 3 NACA0012 HEAULE—fidsy N AN IR 0T K B 1 5 el 1 7 B 485 2R o sl I AN [FU A BT 2 LBM
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Figure 1. Grid distribution of NACAQ012 airfoil
1. NACA0012 ERIE S H A
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Figure 2. The influence of resolution on drag coefficient
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Figure 3. Data plot lines
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Figure 4. Velocity components of X and Y in different positions of airfoil. (a) X-component of velocity at x/c=0; (b)
Y-component of velocity at y/c=0; (c) X-component of velocity at x/c=0.25; (d) Y-component of velocity at y/c=0.25;
(e) X-component of velocity at x/c=0.5; (f) Y-component of velocity at y/c=0.5; (g) X-component of velocity at
x/c=0.75; (h) Y-component of velocity at y/c=0.75; (i) X-component of velocity at x/c=1; (j) Y-component of velocity
at y/c=1
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Table 1. Simulation parameter

=1 RUSH

5 E R T Vi 50 m-s*

B p 1kgm

A KL u 0.1 pas
ZK c im
FiEH Re 500
B o 0 &

Table 2. NACAO0012 lift coefficient and drag coefficient
2 2. NACA0012 AL EH . FAORK

Jrik PAWAE L [EWAEL -1
LBM 4.26x10™ 0.1734
CFL3D —5x10° 0.1741
BERSERES 0 0.1741
RE - 0.402%

it LRREHE RSN 9 NACA0012 3 A S BE RN R IR EE i, FT UK EL LBM J5 £E X ] .
XK R AEAT AU R R s R HE AL, BEEIR 5 SRS B T MR & . [, X tE8IE T
LBM J5EAE T SRR VAT ] et R 38R — Mo R T SR i AR TSR AR R, X R iR 2y
DSR2y, AT DASR v DX s s B AT B, T — R L REE SR s SRS . (22, LBM U5k
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Figure 5. Pressure coefficient at different positions of airfoils. (a) x/c=0; (b) x/c=0.25; (C) x/c=0.5;(d) x/c=0.75; (¢)
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