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Unsteady flow simulation around an airfoil with low-speed and high angle-of-attack conditions
by Lattice Boltzmann Method
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In this paper, lattice Boltzmann code is applied to the unsteady flow simulation around NASA-CRM (common research
model) with low-speed, high angle of attack condition aimed for extending current CFD applicability to the full flight
envelop. Cascaded LBM is used for the collision model of lattice Boltzmann method to stabilize at high-Reynolds
number condition. The flow field is compared with the result obtained by Navier-Stokes code which is FaSTAR to
validate solution accuracy and evaluate efficiency of lattice Boltzmann method.
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v I Wk DRNTARO(EIENMEDYS B O CFD OK & 7eifEEO—>
Thd. NTxw NOFENT, FEBRAE T I TR TR R
THDHZEND, TOFIZRARII R, FRCEAA AT
F )b OHREE LU ko CHERICEMER RSN AT, 5
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AT 5L, AT Navier-Stokes FFERE VB HE
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5. ZORPEEfEAT D72, AR TIE Cascaded LBM (CLBM)IZ
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Fig. 1 Flight envelope®®.
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2. 1. LBM
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LBM Z35\) D ARARR 7 XBes 7 Um0 ) diE~ 2 hva
o, B KOS DT » OyESEpu | T 0570 )
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2. 1. 1. CLBM (cascaded lattice Boltzmann method)
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DE—AL FZEITHEMSND 2 LD 5.

2. 2.  BCM (Building-Cube Method)

LBM (2 L ZFHFICRNT, #7ARG L OGHROBEHiE 2~
72OIZBCM 7 L—2T—27 250, BCM T~V F7a v
HOERREISNE % AV HETEATH Y, K12 RPNcE
W5 Z L TEMMEE DN AREIC 2 5.

BCM T, R A TEOKRE SO A(Cube) THEIT 5.
IHIZ, £ Cube NIT, WIRTPRIZ L - TEARE MRS T-(Cel) %
AU CHEZITS. 45 Cube WO Cell 1, FHEARMEZSELLT
B I DI E I EIUR UK -8 A FF D L O ITAERT 5.

ETI/LE N IZ Cube ZHLE L4 Cube % 8X8X 8 {lHMD Cell T4y
EL7=ET V% Fig 2 |\~
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N=AXAX; &T 5L, 7ry BT TEMARED —E
5 LD 4fEE VT, Cube FIOREFMREIE,
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=5+ —3) ©)

DX HIBBEEOND. 22T, =2 LIETHE, Cube B0
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fie = fif +nlfos — £ -1 (10)
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Fig. 2 BCM grid around a circle model.
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Fig. 3 Multiscale model.
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LBM (Z31T 2WiEFRE DEERSHE Bounce-Back Scheme(BB)
BHNDITE®. BBIE, T30 M LSRRI TIE AR
A LT DR ZREm CAS AR FHETH S, L
L, LBM |35 RIMEE AR T2 D4 E, AERmE ORARD

ZARITRRIE SV DT, ALEOREIAR &R OWIROREmEE RS
ORIy TR, ZoORMBEE MRS TFRE LT,
Interpolated Bounce-Back Scheme (IBB)73d (). IBB |3#i4srm &
KT ROBEBEZIS CTHIEAATH 2 & T, [LRORAEIROFEE
ZHHTE D, Fig 4 |ITHERERSAFOMELZ R X0l 3ERNIC

Bl Téi‘%ﬁ WA ROMTR, x1 VAN ORI Fa T EOR -
B, Rl TROBAF-REFRT. IROAT v 7 CHREMTHRBK Y x 12
?U@ﬂ‘éﬁ%%?x_é &, BEHIBRE R CRIOAEIC S . )
KD x1 FTORFEE g 12085 U T xo OB AT 5 &,

fileo ) = 24fiGe, ) + (1 = 20fi(rp, 1), @ <5 (12)

filro,0) = 5 fila, ) + 52 fi0,0), 425 (19
LESD. 7, WFIHIRE T LSS DR T 2%

B @ @ q<;3

X2

Fig. 4 Interpolated Bounce-Back Scheme.

3. 1. FHRLAME

ARETIL, MZEBEOIED ORI Gk T Cofithn 5% ol
%728, NASA-CRM %t & U TR 21T 5.

fEFHIER~ v/ M o= 0.176, LA )V AEL Re=1241 X 105,
o a=12 °OFC, LBM & NS HEERA /- CFD 12 L A
B & T 2. N ENOMITSIEA Table 1 1T 7ed5,
KPORFRS LY, PHZEFEEMAC R)EET.

F7-, SEEHRICHT L= NASA-CRM £5 /L% Fig. 5 ([Z%Fh
FYURTDS, FeAT LU CiTod7z FaSTARMININO = 1 AfEHTCIL
TREEEA D OREPEA S Q0D RITER S, F,
TNENOF AR Fig. 6 10T

IBIL, N—TARUEDEL, Fig7DLIIZ, z ST
DR L B OREER =& Lz L & =0, n=0.119b, =0238
b, n=357b O xy WiE\ZI\T DM THE%, Fig 8~11 1T~ d. Zh
£V, ENENOREFAERIEDE ) D, Hexagrid 9% FV TR
% &7 FaSTAR OO0 J573, BERITEH IS VT L W Rits
FERE L 72 o TND T EDVTIND.

Table 1 Grid information
Solver FaSTAR JAXA LBM Solver
Computer JSS2 JSS2
Crid Hexagrid BOXFUN
generator
Domainsize | 236.51x236.51x236.5L | 63.1 Lx63.1 Lx63.1L
Cube N/A 65,794
Cell N/A 8X8X8
Total points about 20,000,000 33,686,528
AXmin 7.21x10°L 7.71x103L
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(a) with sting model for FaSSTAR  (b) without sting model for LBM
Fig. 5 NASA-CRM model.

1 X
(a) domain for FaSTAR
L,
Al X
(b) domain for LBM

Fig. 6 Computational domain.
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Fig. 7 Spanwise location of visualization.
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Fig. 10 Grid visualization at 5
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Fig. 11 Grid visualization at 7
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3. 2. fRpTHER

n=01Z35\F DIFEPEE )~ » M & WYL L2 b D% Fig. 12
R fERA ST 5 &, LBM Tl FaSTAR (T L BRI~
THEA LI CORBEPSERIC TR S TS, SRS -0
BEMTEEORFIUGIE ISRy T D Z E MK ERERNTHD &
HemEns, &BIZ, 7=01195b, 02385, 0357 b IZ31T DIENTHE
RAEFNLHFig 13~15 1R, WTHOHAIZBWTE LBM
2 X BT CRHIBED R E < TSIV TN D Z 23005,

ZIT, QLIS IREER A VT, IS A TR LT 5.
O & VTR T > Y VOE 2 FERTHY, UTOXTES
na.

1
Q = 5 (WiWi; - Si;S7) (14)
1 aui au]
Wiy = z(a—x,.‘ o 5
S = 1(ow + 9y (16)
Y 2 ax] 6xi

ZZCWRT > Y MWy, BT 2 VS TR AR T
VORI, SFRSITH Y, QIEIXRAT e itARD L ES)
L EBROBREZR LTS, QEOSHHERIC X v IRiiEE aTil
{LL7=H D% Fig. 16 \Z~$. Fig. 16 2 /.5 &, FaSTAR %\ T
fEHT L= b O TIE, BORRAE HELTTHBEIA AL, Fii
SIS HEIIRETNCR <A LT B DIkt LT, LBM OffT
FERCIIBRRIEED X 5 7ex @i R L TR Y, G0 R im B
HRE HHELTND Z L0515, & 512, FaSTAR DR
T, S AR TS, ZubiE, TR
SO ZETEIRT 5 H O LB % b, FaSTAR T, #1-0)
0D D ORLENRZEMEOER & 720, LBM ClIBERTEOM
THHEENRE L CND EEZ LS.

(2) FaSTAR
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(a) FaSTAR

(b) LBM(coarse)
Fig. 13 Comparison of time-averaged Mach number at z=0.5.

(a) FaSTAR

(b) LBM(coarse)
Fig. 12 Comparison of time-averaged Mach number at z=0.
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(b) LBM(coarse)
Fig. 14 Comparison of time-averaged Mach number at z=1.0.



(a) FaSTAR

(b) LBM(coarse)
Fig. 15 comparison of time-averaged Mach number at z=1.5.

(b)
Fig. 16 Result q=0.001 (a) FaSTAR (b) LBM (coarse)
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