5 27 EBEFRAEHZE L DRI L
A09-5

OpenFOAM #F L - BENEZE hEMT- ML FEDRET-

Numerical Study of Car Aerodynamics with OpenFOAM - Research for Parallel Performance -

O NIEER, HEEKEE, HRAERESAXEE 6-3-1, E-mail:;j4512620@ed.tus.ac.jp
AT, BERAR, BAUERE AR IX Hi1E 6-3-1, E-mail:yamamoto@rs.kagu.tus.ac.jp
WEBF], Bk A0E), #R)IESEE By 2-1, E-mail: kodama-yuji@hpt.yre.co.jp
ANAIERE, B A RR), AR RSEETIE 5y 2-1, E-mail:koishi@hpt.yre.co.jp
Naohiro Kawashima, Grad. School of Tokyo Univ. of Science, 6-3-1 Niijuku, Katsushika-ku, Tokyo
Makoto Yamamoto, Tokyo Univ. of Science, 6-3-1 Niijuku, Katsushika-ku, Tokyo
Yuji Kodama, The Yokohama Rubber CO.,LTD., 2-1 Oiwake, Hiratsuka-shi, Kanagawa
Masataka Koishi, The Yokohama Rubber CO.,LTD., 2-1 Oiwake, Hiratsuka-shi, Kanagawa

In recent years, low fuel consumption attracts much attention in the automotive industry from the viewpoint of
environmental problems. The aerodynamic drag reduction of a car is one of the most important issues for low fuel
consumption. However, the flow mechanism in a wheel house has not been clarified in detail. On the other hand,
recently it is shown open-source CFD toolbox OpenFOAM is useful for engineering problems. However, it is not clear
of computational performance. Therefore, the flows around a car are simulated by RANS using OpenFOAM, in order
to investigate the computational performance. Two cases are computed; tire with wheel and tire without wheel. The
simulation results confirm the parallelization performance. Additionally, the effect of wheel houses in clarified.

1. #8

BB R A TR CTH D03, DA HREIOREE
SCHERIRIR LA~DRED O HBI ORI LR D HIL TN D.
BB LI TR ORI S EENE CH .
HEVEOZESHG U IV CRT 1 JRROEI IR E VD, KT+
FARTT A AT S 4N E AR R A KD D Z &
ARG TIIRN. 22T, YA VITERTD. XA VIIBROZE
{EDSHHEIES TV, B Bz DS FIREAR T kR 4 7B~
JIERRENE WS R D 5D, FERCIIL A PRREOAR A —i
7 ANDFIND A T = A LT 5 2 Lida A MROFERRaGR D
M HEE LAY, CFD 72 HEFRIZ Lo TR DAVRER & vtk
THZLETENNTRETHS. £, 414 YV A RESORIRE
IS & o CHBOEGURB S ST 500,

BIEFEIIZA—T 2 Y —ATH D OpenFOAM % V5.
OpenFOAM X, ZHDATA T 1 T A v a2 VTGRSR
HEREFIFES R CH 5. £72, BEIHICRIT 235 HILH Y,
FOHERENRZRD 5N TNEY, LasL, HEEOZEHMINCE
WCI T AE= U T ENET ORT p—~ v R D
NRHTH 5.

AMHFETlE, OpenFOAM CHENEZE T 21T 9 IZH T2~ T,
WHHLOVERERTEAT . FTo, AR DOETIESBEIh T
RRA — VORI L 58T 5. £ LT, S%OFT:
ol A YHREOEHESL Z LA AL T 5.

2. WEEETFE

AHFFECHE, =R EEELE 2B ]S . FruEsHE o
VN IA—T v ) —ATHD [OpenFOAM| V5. X
By LT, o, Fbx - 2 h—2 2 5EAE A
HLIAEE T MZIE Launder-Spalding (1974)Di LA/ VA0 k-6
TNERAWD, R - [EOfRkEE LT, PISO k& SIMPLE #%
R v 7 AXETZ PIMPLE {E4 A, FHEEICIZA A T —fafi@iks
AT 5. 2B IR P O AR R A VTR Y,
BAOLETOBMEIII ZYIEER F25E, ZotmoBiciE—
YRS RETRLZEN R 2. 72, BFA4ki2iE TPointwise]
Z TSR 7 C2e 2B L 5.

3. FENRRUSTEEN

3. 1. FExR

Bl LIZE A VET VAT, AL TIIARA VO IEN A
=N ZNDBIUT G- DA TR D120, ™A —L%
BE & U TN L7 A — A& & A (Wl Wheel) &, 74 —/L %
B 4 Uiz A —L7a LA A r(wlo Wheel)D 2 77— ADFHEEFT
5. Fiz, AFGEOFHBEI AN D HEARERK 2 \TRT. 22T
HARSRE L=1115mm, B H=368mm TH 5.

3. 2. FtEsEs

FHRAEIR A X 3 IR, BUAZ HLLWTE CRFRE LTI
FAPSYCREBEET . BHERERI IR A R X BT X & & J1A)
IZOLXAHXAH & L, HRRTHGIC oA iER A T 5. —i%
2, 7Ry —UE 4% T ThHIUTER OB I T& 5
fEIMEHIND & SITNDEDT, AFHETIE31%ET 5. KA —
JUFE BT, A=A LET NV TRIIEN T 415 )7
L, K485 HLTHD.

3. 3. ER&EH

AFHEITRNT, WMABERAMNT, Htits 30 mis O—kRit%
525, 88, MAKIRIIEWETHD L, FHiKD 1%D8N%
5275, F5FiLA NV AER=500 & L TIRAED k, s ET 5.
TR A BT, POBTRISGFRER E L, FOMITEY R
REL QD BHERIIE 22 LERE L, BERSEA VA, BRIl
L= T LR CHY, TR UEHELE 2 T
Wb, ZAYNMIEIZIZA T AT 4 7 A v aiBamAL,
ZOMD K A N TR RS AT 5.

3. 4. iFLEtE

A — /AT & A (W Wheel) D 47— A 12330 T OpenFOAM %
FWTEHEICRT AWk OREE1T S . FHEESIHE koY
T, 10 A7 v T OFEEITOHET 5. FHEHT Intel® Xeon®
Processor X5460 % V> 2CPU, 8 =27 Tk S, 4 / — FEHS
5. Fiz, J— KNI,/ — RREREFNC L B EE4T 5. /—
RNENFFFREOSGAEOER 2 7H13% ) — R THEITR L L 91T

Copyright © 2013 by JSFM



LTCW5b. ©F0, /— FERPFFIEIZRWT 8 a7 HDLE
1, 450/ —RKTHE2a7FO%EHL TS,

Y

(a) Tire w/ Wheel (b) Tire w/o Wheel
Fig.1 Tire Model
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Fig.3 Computational Domain and Boundaries
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Fig.5 Parallel Efficiency
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Tablel Drag Coefficient

Tire w/ Wheel Tire w/o Wheel
Tire 0.050 0.054
Front Wheel House 0.013 0.016
Rear Wheel House 0.004 0.006
Base 0.150 0.151
Other 0.075 0.074
Total 0.292 0.301
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Fig.6 Pressure Difference between Tire w/ Wheel and Tire w/o Wheel
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(b) Tire w/o Wheel
Fig.7 Streamlines around Front Tire
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Fig.8 \elocity Vector around Front Tire w/o Wheel
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(b) Tire w/o Wheel
Fig.9 Streamlines around Rear Tire
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