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Abstract

With the promotion of LBM, many users thought this method took up too many computer re-
sources, and its reliability and feasibility on PC need to be verified. Based on LBM and FVM, this
paper has calculated the typical vehicle aerodynamics, and compared the calculation process, the
results, computer resources and computing time. The results showed that we can successfully
make LBM computation on PC. Lattice distribution had a great influence on the calculation results.
Flow field results show that the lattice Boltzmann method has the same calculation accuracy as fi-
nite volume method, and it has more advantages than finite volume method in some aspects.
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1. 5|

TEVR 23R8 12 ¥ CRD R Hh, H R 53573 1) 77 VR AR SR & SR B PR A 4 - 3074 5 1T (Navier-Stokes)
TIFRI . VNIRRT 0, e - s i RO T — A2, ElEw RN, AT
U5 FE R T S SR M AR 1], (BRI YIS, thanZiA[2), BT irEALREm
PR, BBRARILE - Wit B R, BDR A BB AL (DNS) A BE ST I . X R HR I R — b i
B Pl BRI AU L

2R 80 EARK, A& T IR 242 U7 (Lattice Boltzmann Method) [/ 1H:[3], THERK /1260 T Hi0 KR
JRFim. B LBM HIELR AT e, NHEAWIELYE 505, 5 T TIHE. 27 5 T 521[4] [515%10
A, LBM B B — R fRR A Bl 7 % K DhRe s oK BB AR 5. fEARPT G J12%H, Boltzmann
T FERA B A W2 SRS, RURIAL S iR A 712 75 21 & 5 Boltzmann 75 72 58 G s ¢ 3 31
2, [Hik, LBM 7EMLE 2R, Flinde4- ik, 240 2 FL BRI ARG i 45 7 T [6] Hu A& 48 1)
WA TIF TR R

FHECZ AT R BEE RSN E A I EE T LBM 18, BE%E PC Z&MEDRe H R, WAENH T
Y% LBM THA UL ATEZ # PC WL MRV S BN ) F AN . BE A 2, 25T
HRBLLBM T4 B2 R K

TERE, LBM OGS R 78T 20 AR M, A DG Hr SCSCmk e/, i HLSE I 5 =X AT B4 A
wnf&4: CFD iz, JRIA, 1) &5, 2) sl sk 3) mfsikEFE R, 4) BERIED. AXH
F2R F LBM SR ZE 23 SR80 1 S AT BT 90, B 0 SR Rl AT 14 B AR ) v SRk R A v ol i B Fluent
M ERRR . S50 BEUR o A S A b, IR YE L SRS R B S E . ASCEFAEA
KITTHREIR S % R AR 5.

2. LBM #ZEHI5E

Boltzmann J5 F2 /& UAh /1 22 MG iH-27 kAt & e T R ) . Boltzmann J5 R AT H LA R il J5 R [7]434 -

of, F of
—4c Vi +——L=Q (f 1
vt e Do (1) ®

TR XRNBUR 2 Zhmiz T fE. Horb FR RGBS T, R TR ARE, ZAE ro 3
¢ TR 8] t ¥ e Al Q FROVRIERE 55, DUONRERE T Q AR3 2 0%, — A5 BGK [81L AL fi 5 1LY
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A TR
Qi(f)=w(fieq—fi):l(fieq—fi) @)
T
K, o=Yr . ZE o ARIIE, HOVRHME T J5E-PH A R4 £ %R, wLUEY],

AR PR A R )5, WTBLEBORZE S 07 HET NS 5 e, Rk, sQ) e DARE
SR S NS TR R RE SRR (p) s T (u) FT N RE(Q IR R T AR

p(r.t)=[mf (r.ct)dc 3)
p(r.tyu(r,t)=[mcf (r.c,t)dc 4)
p(r,t)e(r,t)zé_[m(c—u)2 f(r,c,t)dc (5)

3. BEHEAR
3.1. JL{iEE

737 H FVM A LBM PR 5 3T AN o TS5 R 4 R B AP, AR B 1 TR AL
BERSLTEMWE S 24T THEF ML ZEE NG A IR 1ok, By 4 F LTk . LBM XA 7R ER AR,
i B AN TER . T FVM OB EOR G, Oy 7 ISR A% BT AT SOBRUR, RE 4S5 it — S5V R Ak
UL BN U (S HE N

3.2.LBM B {EfFE

3 F4% 1 boltzmaan J59%:(LBM) L 4 Xflow [ RE S X 6 i kA7 #1155, PC 4b
B XUAZ VY26 FE 1) i5-4590. [¥] 1 A THEIX . 7 F TN 60 km/h, 90 km/h, 120 km/h.

P LN LU LR R FAS TR IR AT 2 N vi= 25 m/s, J5iim k77 H H, M
RS EBET . IR AL A Wall-Adapting Local Eddy [9] (WALEYRGPERERY, i HLR FH 1 5 B2 ks 7l 20 1
AR, VG SRR R R, Xflow RELERTUEKE T 70 A (R JE Al L E Eh R0 A% 1.

33.FVM ¥ & E

HIH Fluent B4, 1 LLEA4A 0 LBM, 456 BE 1 bR 8%, SR S5 F A AT E G5 R R 45 5 TR 5 WA
X AR HEAT TR, TR KRN 1. SNSRI SR 2. FIAT Fluent B4R, #1xFBL ARG

Figure 1. Computational domain of CFD
[ 1. CFD i+t B X1

DOI: 10.12677/met.2017.65043 363 IR N EASE N


https://doi.org/10.12677/met.2017.65043

Table 1. The number of simulation times and lattice scale of each operating condition
=1 GALRAERERERTFRE

&R (M) BB BE T A AR AT FUBE (m) FEFRAME AT FUEE (m) s T AR
1 0.8 0.05 0.05 301,782
2 0.8 0.025 0.05 700,138
3 0.5 0.03125 0.03125 992,429
4 0.6 0.01875 0.0375 1,311,641
5 0.8 0.0125 0.0125 2,184,183

Table 2. Boundary conditions of computational domain
2 WHEREIA R &M

X3 N HH A2 A TGS Hh i
. HEANO, v=60kmh, SO, gauge pressure T - o
pUb LS 3t 90 km/h. 120 km/h % 0 pa RIS %A T EER, oA

LBM, Z5&EEHREGE, RS FRAES MRS A RRA MM, X [F— AT 5 B, S IX i an &
1o HMUREKMSH IR 2.

4, STHER DR
41, "RERFDHT

MIEL 2 R BATAT AR BIAE G RO A S, 37 ORI T 32 B RS, RIRIZHT AR, R s s
WO E I, BRI EAET AR B T R R X o B 4 Sk BT B0 P B 2y — EB ML IR 4 I TS, —
B R R R AR . ARV R I U AEOE ISR, I, 7R 4R SR I — SeRp ikt 75 7 A2 1
Je B UK X, XX B 1 TH AN R 0 B 3 R . NP ARTT i R U5 2 B T B EIL
LBM 5510 2 J5 R B s i b vl L, SER S S ) B M A PR A FRg 1L A

i B0 SR 3 B i il 24 20 S R AR A, A A B PR REAIT R S I
SERIBERLL, fEXAMTT, BT FREREDN, SRR KT, MBURE R &, ERIRiRX,
MIEE EF, EPA OERIEEX, X TSR B4 SRR . 722 TiAL B
RAB AN AR ARAR (73 501 W 3(a) B sl A AT 3(b) I AT) o LI 4 B AR I, |l TUEIE S,
HEERORELER, P LAER IS B2 SRR SR X, P 3(b) Y ZRAIE I 4 B AR 46 KR R UK X, T
HARAL LT, TR AR R IR AN, IR R, LA (LI 3(b) M4t

ML 4 AT BUE R R A IR — Bt R, 1 HA2 1A B i, 0 i T3 oo Tl = 3
KT JEE A 4@ FrR), B SaR/0, iRk, Bm Esits. £ XE, KENEE
HG TRRRIEX, SRR ZE T

4.2. FAFE A RITEE R4

5 J7E 90 kmvh T R FTROS AR S EI A IO b T LB A0 i R T8
SRR LA AT 9 025 57 b b TR (0 SR Fluent LR IR HB8E T L
B WIaA S TR RGN, B Fluent 7154 .

49’5 Fluent -5 105 £ LL Xflow I THHRE , BCRIA, FYM TSR T FriE met 777
AU, A A R 6 AT T 48, PN RS A 3 B, (A AR T LBM
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(a) LBM

Figure 2. Velocity distribution clouds of symmetrical surface
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Figure 3. Velocity and pressure distribution of upper and lower surface computed by LBM
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Figure 4. Velocity vector of symmetrical surface
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Figure 5. Contrast of drags
& 5. SEIFENEXTEE

HEFEAR IR IRV 20Kk B S AE R AL K LATTRAR, TGS SR L4/ () L AT AR AL U AR 5 1 DR e
T U AR @A R A AT EER) . LBM — 5 AN s Z AR, SRE S IR AT, BRI
FEVH SRR BN M8 A 5 A RIRAIE S

WU 0.3s W HGTHEE TP B L) R 5L Cy, 221175 3, JF5 Fluent (R L AZIR 22 (Fluent Jy
W A% K -

M 3 TR, S TR ITEUE M E RN, ARRIIRZE, RRIRZRE LS| 56.1%, [
FHITHCR N, #T boltzmann J5ik M THERE LN, 5 FVM THELRI RN R ZEDN 2.56%, UBiHIR T
boltzmann J5 {345 % 5 UL AIAH BRAFRINEM Z M THERE . i IR BCA IR tlee, 45 L —2(1
AL AR ER B, ARG A e, T H B I A s R, AR HE T R KRB R
Buhe WE 6 FTRIEH, LBM LiRR/ERHEIE R mik X, #A LAy i #Em P ARz 2 1k

4.3. LBM 8 FTXEDHT

1 FVM HIMEE TS M —FE, LBM HIAG FIE et o 2 P S 45 A IE s e Febr . BB
FAE 90 km/h Tt FREAT, THECR A WA OB 71 & Ecnk 4.

X B R B RS T BRI . X TFHII6H 150 200 TG E, TR H&H 50T LU E)
3000 fiz %, RSt mss e — e {EER.

4.4. FATE S RIOFERFIEITEE

75 ¢t T #T Boltzmann J5i55 FVYM X NAZ I 5 A RIS ], AHEE Fluent 15, Xflow 7E 15
RN EBER A, FERAN LBM iR LES k.

TEW RN Z b FH 2RO N Xflow AT Fluent, AHLEEMN S, & T4%F Boltzmann 7571 Xflow 7
THAAER EAERBIFAE T AR AT N, RN K TIRZ, SR EoR m, 45 002 & AR K =81,
X RAGE AR — AR . BT8R e, Fai-EasIramnsnEE, BrbE—
LU ARAR T HL S LT, XFlow RESCILMT AR, 1% A2 Fluent AREE .

5. &

1) HHREERTUEH, %7 boltzmann J7i% 5A IR BUERI TR EEA 2. 72 BIRE I R B0 b
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Figure 6. Computation resistance coefficient
E 6. HHEMENEK
Table 3. Error of each operating condition
=3 HELATHEREIRE
1 2 3 4 5 F
Vg TR 301,782 700,138 992,429 1,311,641 2,184,183 2,901,331
Cy 0.326 0.298 0.316 0.263 0.236 0.221
60
R 47.5% 34.8% 42.9% 19.0% 6.79% -
Cy 0.323 0.295 0.297 0.277 0.228 0.234
ARV S S 90 s
R 38.0% 26.0% 26.9% 18.4% 256% -
Cy 0.334 0.305 0.285 0.263 0.226 0.214
120
R 56.1% 42.5% 33.2% 22.9% 56% e
Table 4. Lattice independence computation of LBM
4. LBM B FRXMIHE
FFHL 13,931,464 17,824,374 21,014,263 34,015,643 48,435,279
Cq 0.287 0.271 0.234 0.227 0.227
Table 5. The Contrast of resources consume between LBM and FVM
= 5. LBM 1 FVM 3% FRAINTLE
2 FEE(CPUs) WAF 6 5(GB) AL TH] (h)
1 4 12 1.0
2 4 2.7 10.7
3 4 21 41
4 4 5.9 25.5
5 4 38 35
F 4 9.5 6.4

F1, 5 Fluent FIiHEEAE, LBM R KIEZEHN 6.79%, fH/NRZEN 2.56%, i8I Boltzmann J5i%
WHRZS[IF R AAGEIL & miE X, A0 L st . RERTHEw 2, (HEHNERRKX

DOI: 10.12677/met.2017.65043 367 IR N EASE N


https://doi.org/10.12677/met.2017.65043

FHESE I, XA JE I A AL .

2) LBM XTI T WA, RSHEG itk e sm Z S R B A e, TR A R R E MRS . LBM
— T AN BRI, SCRE SN ORI, PRI AE T SRS s MV Bh 5 22 A RIRII TS

3) MLET FVM, LBM X SENLBRE I 5, AAPREAE o A 10K, TSI TR, (LA B FL
FEINREXT T R TSR U AT AL AL e

4) TSCHUEH LBM THE, BN LA i: a) 45 8 AR XM 1WA o0 T S 45 3 s
WO, RN EBUINERGT . b) iR AT RE

EHEWH

X [ S8R 3 42 (51475387)
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