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Influence of sunroof on flowfield and aerodynamic
noise inside the passenger compartment of the car

KAN G Ning, WAN G-Xiao-chun

(School of Transportation Science-and Engineering,
Beijing University of Aeronautics and A stronautics;-Beijing 100191 China)

Abgtract : Numerical s mulation and analyssof flow field ingde a smplified Colf 1 6 car
and aerodynamic'\noise at the.receiving-point around the driver’ s left ear were conducted by
usng large eddy model‘\of computational fluid dynamics(CFD) software FLUENT. The ve-
locity and pressure fieldson the symmetry plane of the driver and sound pressure level at the
receiving point were obtained. TheTresults show that sound pressure level becomes smaller
with the backward shift and-widening of the sunroof. The sunroof of case 1isthe most rea

sonable.

Key words: sunroof ; flow field; aerodynamic noise; large eddy smulation;
computational fluid dynamics (CFD)

Karbon K J®! CFD (

.2005 ,Read A
CFD
100 Hz . 2006
) [5]
2002 (2l Lighthill .
Golf 16

:2009-02-18; :2009-05-31
(1963- ) ,



2 : 355

1 HAti thi
, 200 km/ h,
Navier- el
s = E v 1 4 Ia
Stokes(N-9) , O 4 VUEAT R 18]
. o (p) . O uiu)
(0 + 0y () + g v+ =0 2
) Fig 2 Computational domain
(uj), =0
(1)
Ui P P . ' '
puiu;j, ’ 49 ! 3
2
21
, 1. L 4149 mm,
w  1735mm, ~H \1439mm, R 3
320mm, 195'mm. Fig 3 Gridsin the longitudinal section of symmetry
22
1L ,
35m/s. : 3L,
109. 3751/ s.
(a) VRZESM
# . '
- ol : 1 013 x 10° Pa( ).
(b) VN . SIMPL E
1 ke
Fig 1 Smplified car model : Realizable ke ,
. 01ls, 0. 0001 s,
: 2 1000. , ,

1L, 2W, 3H, 3L,
165 mm. . ,



356

1 225kg/ m®
1 7894%x10°° Pa- s.

3

, [6]
, 4, 5 1 ( : Pa)
[6] Fig.5 Pressure distribution of case 1 (unit : Pa)

, 1L5m/s,
13ms, 15ms.
\ 1 2m/s ,

4
Fig.4 Smplified fast back car model

0. 431,
0 421 2 38%,
B 6 T8 1 A KR (AL m/s)
4 Fig. 6 Velocity field of case 1 (unit:m/s)
4 , 1 3
, , 2 1 ,
3 ) 4 1,

1 ax b-=680mm x370mm,d=340mm;
2 axb =680mMmx370mm,d=170mm;
3 axb =680mmx370mm,d=410mm;

4 axb =680mm x470mm,d =340 mm. |7 T2 E 4 B AL . Pa)
a b o d Fig. 7 Pressure distribution of case 2 (unit;Pa)
. 1@ 7, 2 53 Pa,
41 24 Pa, 22 Pa,
5 12 1 4 ) ,
, 8.
5, 1 126 Pa, 1 . 06ms,
94Pa, 1m/s, 1m/s, ,
6. 115 3 4 1 -
Pa, 3

05ms,



2 : 357

P8 T 2 ik (A am/s) 12 4 ¢ msy
Fig.8 Velocity field of case 2 (unit:m/s) Fig.12 Velocity field of case 4 (unit:m/s)

N 4 2
)
{ 13 16 4
P9 T8 3 oA B (LA . Pa) ;
Fig. 9 Pressure distribution of case 3 (unit;Pa)
80
5
2 @60
(]
&3
540
3
°
v 20 1 PR o 1 e |
0 1000 2000 3000 4000 5000
Frequency/Hz
13 Lo ARSI
Fig. 13 Sound pressure level of case 1
B 10 T80 3 BE KA P (A m/s)
Fig. 10 Velocity fi€ld of case 3 (unit:m/s) 80
[}
Zm
§ g 60
=3
2340
[+
%
20 1 L 1 I J
0 1000 2000 3000 4000 5000
Frequency/Hz
B14 T 2 f5 R GO A
Fig. 14 Sound pressure level of case 2
i e p & ~ v *) 80
P11 T8 4 B4 A P (B . Pa) P
Fig. 11 Pressure distribution of case 4 (unit;Pa) E os]
£ 360
a o
R
0 3m/s, 07m/s, , 2 40
’ ’ 4 3% ""71000 2000 3000 4000 5000
11m/s, Frequency/Hz
0.3m/s, : B 15 T3 U

, , Fig. 15 Sound pressure level of case 3



358 25

80
ué B, 70
t3a B
g 3 al [J]. ,1999,21(5) :309-313
@ ::)) ) L L ) CHEN Jiangping ,SUN Zhaopu ,QU E Xiongcai ,et al. Nu-
0 1000 2000 3000 4000 5000 merical smulation of airflow and temperature in the car
Frequency/Hz . . . .
with passenger[J]. Automotive Engineering,1999,21(5) :
309-313 (in Chinese)
o [2] S 9.
Fig.16 Sound pressure leve of case 4 2002 2(2) :41-44
LIU Hongguang,LU Senlin. Caculation method of the
1 50dB aerodynamic noise around high speed vehicles[J]. Journal
y 2 53dB , 3 49dB of Traffic and Transportation Engineering,2002,2(2) :41-
, 4 47 dB . 44. (in Chinese)
[ 3] Karbon KJ,S9ngh R. Smulation and desgn of automobile
, ' sunroof buffeting noise control[ R]. AIAA 2002-2550.
[4] Read A,Mendonca F,Schram C,et a. Optima sunroof
5 buffeting predictions with compresshility and surface inmr
pedance efects[R]. AIAA2002-2859.
Golf 1 6 [5] . [D].
,2006.

YAN GJuan. Numerical smulation of airflow organization
in.car-with air-eondition[ D] Qingdao : Qingdao Univers-
ty ,2006. (in Chinese)
[61
, [D]. : ,2000.

XIE Jinfa. The three-dimensona numerical smulation and
test study of high-speed car flow around the body[D]. Ji-
lin:Jilin Universty of Technology ,2000. (in Chinese)



