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This paper describes the analysis of flow and aeroacoustic field around a car-like body. The
governing equations, 3-D unsteady incompressible Navier-Stokes equations, are solved with the
iterative time marching scheme. The Chimera grid technique has been applied to efficiently
simulate the flow around the side-view mirror. After the flow field analysis has been
converged, the aerodynamic noise analysis of the side-view mirror has been performed by
solving Ffowcs Williams and Hawkings equation. From the present numerical simulation, the
A- and C-pillar vortex are evidently shown and the aerodynamic noise level induced by the
side-view mirror is predicted to about 100dB.

1. A&

AR} FH9 FF5e g9 i o FAG A5 AT ol dRY FFLES
Aztel ol g tetzt, aelm AF Fa 1ol ZH A (handling)ol]l o] 27]7-x] FH 9T
B mFolof jit}. dgo ZHN (LA A FHLEI S o
gt ulA 9 vl FAAFL AT F7IAGe 3 £4do] x| A Fo HH e FHE
o w2 d us3s FAd e AFA F99 {F AT W ETF7F ol FoA ok &
o 28y AFR F99 FUIAEL A A B3R, A wiHA 4 Fo=
A} o] &2 Aol % oA} adda HZ, AE FEY FFoE AFAY Fo7t F
7hela glow, AwiAEe]l 8 7de AFAe 4% 1L A MAHEAAD 1FFHe
ZAolt 3], 2o &2 AUl e A A £F AFe] 877 FF3 A
th. o] d aFo RgEI] sty dA, EWL UM, oo, &Y, 4F FFLE TY
2ge HAAHoZ ARHO g B A3 AFA 499 T g3 I &
, & §%2-S(Aerodynamic noise, £-& Wind noise)ol] g T4lo] Z7l8] 2311 Uch
B d7e gdstd Agy dFEL 484 Wil1-2]d JEsY gtoud, HZ £
7149 Mgz AFEY F5 S22 As] FXF Ao dgo] Ha &HdxolA stn
At WA Hdyge ol &3 AFEZE Ahmedst Hucho[3]o] &3] Wl FH9 K50 7
Abd vl 93, HZoEe 3349 A dg A7/ 43 Yo Han[4]d] 93 3z
2 Ahmed body 99 dFHFol sIHHAR HdF FEld AfAes FFo A=
324 n&£AE F dFAFF AMHADG. G Fl6]lo A 3xE eluUd FA
FA9 AAFFo] AMMHNT, 248 F[7ld 93 A Chimera AA 7IH o2 FTAZ
o] X%4d Car-like body FH9 F%Eel iU, 3dd F[8]# Horinouchi F[9],

1) FAdieta gigty Z1AIFstE ALY (609-735, FAAFGA] FAHT FAE A 30MXA)
Tel : (051) 510-3064
2) Bt 71 A1F e (609-735, ¥4 EgA BT AAF A 308A) Tel ¢ (051) 510-2457
3) @UAEA (F), oEAEFANYE A1dT4L (683-791, EAFHA] BF FAF ) Tel : (052)280-2712

-99 —



Okumura 5[10]d] 93 3239 AFH F99 YdFFFo #AAFAD. 53] Horinouchi
ol o3 AFE uFAe WHE FAHAANE AIEE v WM g AVEHRL
M, Okumural 8§ AF€ o 7HA P49 W g3l d5e Fygustsy 539 9
H5 g7 nHHAY. FTH2L oid MPAF 2 19529 Lighthilll12]e 29 AE &
Lol A At 288 A AAHacoustic analogy)E FEFFHAA "ol LS8R Y A
g Ae Hxz AT, FH2H4 S 93 Ligthill ¥ 42 Flowes Williams
and Hawkings[13]9] &8 AAHAT o) AR F8 aFd+s 1& HAse 224
29} daFE ZE S e 3ol FES 1Y IJAHsE Beolze AgHAE ¢
3 AMgHolgt

E =% 232 34 Carlike body 919 FEHHE 8319 AFA F9 FFS o
e, A5 Z REA U FH42SL 437 9T Z=odel A

2. 59 ARy 2 sAHY ¥
349 HAY Au HLEHA AARE AEEAL UHo-A5L WAHHORA, °]& F
AQshe & dvtsty FHFEAZ vehid oS3 2

a4q ] 9. s — 9 (e — -
G+ Fe(B - B+ (P - B+ (G- G =0 M

4714 g p w v, w & EFeHE 45UH0R, E F, G 34 AxANNS tFgels E,,
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1 _a..— _.Q__— ral i~ _ _pntlk
(At +aSA+anB+a§C)Aq oR )
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[Table 1] Lift and drag coefficient and Strouhal numbers for
circular cylinder flow at Reynolds number 200

Co CL St
Single 112005 +0.50 0.145
Present Chimera | 1141005 +035 0.146
3rd order | 129%0.05 3075 0.16
Rogers and Kwak 5th order | 123%0.05 +065 | 0185
Rosenteld 146005 +0.69 0211
. . 2nd order 1.46+0.04 +0.70 0.227
Lecointe and Piquet | )\ ier | 158400035 | +050 | 0.194
Martinez 1.27+0.0035 — —
Lin et al. 1.17 — —
Thoman and Szewczyk 1.17%£0.05 _— 0.19
Wille (Exp.) 1.3 — —
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T=Ty+1aT
T=T +1aT
T=TM+%AT

T=Tu+oT

Present result Rogers and Kwak’s result [17]

Fig.1 Streamlines for flow over the circular cylinder at Re=200

" ®  Exp. (Ref16)
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Fig.2 Coefficient of pressure distribution
on cylinder surface at Re=2800
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Fig.3 Grid system and Chimera grid
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Fig.4 Coefficient of pressure at several spanwise corss section

Fig.5 3-D streamlines of the car-like body
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(a) A-pillar vortex (b) C-pillar vortex
Fig.6 A-pillar vortex and C-pillar vortex

Fig. 7 Limiting streamline on the vehicle surface
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(b) Back side

(a) Front side

Fig.9 Velocity vectors and limiting streamlines
on the side-view mirror
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(a) At the A-A section

(b) At the B-B section

(c) At the C-C section

(d) At the D-D section

Fig.10 Streamlines at several cross-section of the side-view mirror
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Fig.11 Sound pressure fluctuation of the side-view mirror
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