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Table 1 Parameters of surface mesh
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Fig. 2 Structure of volume grid

2 HWEWHERE

it LA LR ] Smagorinsky BRI AL AR
I U B HE A B D) i DR S AR TR A R
U R A R AR A DRI A UL R AR, R
TUJE T AEHOR L R 7R SR B AT i O I 0
HBE SR E. - R C=o0.14,

AR 2R Al Van doormal #1 Raithby F 1984
AR 9 4> B X SIMPLEC $k. H %5 SIM-
PLE #3320 BEAR W] H 2 A8 1E J5 72 P i R 4
T d B A A BT IXOH . 37 R Bounded
central differencing B 8% 2, JE J7 300 2% F b5 U 4%
. BT FRAE Fluent6. 3 HPEZF,

IR E] 25 I 0. 0005, [ 58 AN, A 2D 26 AR ICER
DA 58 35 21 A R W SR v o O DR A e O RS E L BT
A I U 3 2 W AR AR A M SR A

NP PR NIRRT S L I B 9L SR
A U=35m/s, V=W=0 m/s. i # 58 F 1. 35%;
HH SRR ) i H B e SR TR 0Pa, HE S 8K
R T ZEARL 5 M T AN A4S B R T T W B 3 B R 3T
B R o] R0 T SR PO RIS . TR Re=2.5X10°,

3 HESER

3.1 S AMIEREENE

BN R T SRR S AR B A AR T
iz 3y i AR AR 25 P 5T H e 7 42 1A iy 32 <3 0 J7 T
FRLARBE . 1 3 I 4 235 o AL AR BT 2 sl BEL T #L T
1 B I 1) A2 A 1 3

Hi I 3 P 4 T . Bl A N E] A HE L B D R G
T3 BB Co 3 AR 45 FB9 K 8l X R Bsh
PRBL T i ) Sl S PE R AR . FEE(E 0 53 O 0. 325 I
0.521 5 FLH AT & B

i 745 ] i AN U S e 8l A AR A R A 1
FRPFAE RT3 45 R B4 T e e . T R385 7 1k

B WR B G T7 VE UR Bh R AR AT AT L DA T A5 B I b
RO AT R A3 AR ek W 5.8 6 BT,

0.367
0.344
~ 0.321
0.301
0.6 0.8 s 1.0 1.2
B3 BRI RERER T EE
Fig.3 Figure of time-dependent G,
0.7
0.61
u-—'
0.51]
0.4 T . .
0.6 0.8 s 1.0 1.2
B4 FHRYMEEEETLEL
Fig. 4 Figure of time-dependent C,
0.0167
0.0121
L_;:
A 0.0087
w
&
0004}[4
0 40 80 120 160 %}[}J({) 240 280 320 360 400
1z
E 5 MBARBIHEL
Fig.5 PSD of G
0.107
0.081
i 0.06
2
£ 0.041
O,UZ—M
0

0 40 80 130 160 2007240 280 320'360 400
6 FNRUMER
Fig.6 PSD of G,
B & 5 1 6 AT AE A (20,40 JHz N L fig
WA RS A E A T R R ae b T
3R (N R o e N R W T N Y NI o - SR &



784 = K

/|

AR [, BH T 28 $0OR T+ 7 3 B0 A 000 2% 43 3] Ry
30. 0Hz HI 33. 5Hz, H it xb 7 i) 30 45 2 04 % (St =
fd/ 043591 0. 287 F1 0. 320, s /NT SCHR[8] & £
SLEH .
3.2 BERiRpriERissi

& 3l X i 3 1 W N o Ak A 4 B k- [1056. 5,
-97.25,138.5].[1056. 5,97. 25,138. 5],[1148. 4,
-97.25,138.5].[1148. 4,97. 25,138. 5],[1357. 2,
-97.25,138.5].[1357. 2,97. 25,138. 5, 2 ¥ P X vf
RO = 21 M 5, 4 B 32 M. pointl, point2, point3,
point4 ,point5 ., point6 ; £ 4= & F5 & B AH X AL B x/ L
=0.012.,0.1.0. 3, L A EBKE 1044mm,

H TR R AR SRR G A T R
Sy 0 78 B PR B s 22 800 3 S5 3 (0 H 2 I = 4 3 38D X
2T Wi vh s [ 7 6 AR AL U 2 2 80 TR
M ZEME BT LA T R A X 3 1) AR AR A R e i
AN TR J0 IR 23 (AR AR I A Ak o = 2 R 1 AH A AR Ak
FHIE

[# 7 24 pointl Fl point2 7§ XF FR KA Ak = 4k 5
JE R TR o T s 5 . p BT A TR I A5 Ak =
Y A Ty 323 43 B A5 R, FE SR L0, 100]
Hz W& o ae & b 345 76 10Hz Bk =4~ J7 m)
R Ty R Bk B W (E KT

16004 16004
point 1 point 2

12001 12004
:é
= 800 8001
A
1%

4004 4004

0
0 80 160 240 320 0 80 160 240 320 400
fHz
() xR BE U

14001 14004

12001 point 1 12001 point 2
~ 1000 1000/
E 8001 800
>
A 6001 600
1%
= 4004 4004

o - M

0
0 80 160 240 320 ﬁ(lj-l 80 160 240 320 400
z

(b yIrmEE V

%o R 5 30 %
1200+ 12004
10001 point 1 10001 point 2

800+

PSD-W/(m?s")
f=a)
(=]
=

£
=
=

(]
=
=

0
0 80 160 240 320 !F(I)-I 80 160 240 320 400
z

(o) z T W
B 7 pointl 5 point2 = 4 EIh R it
Fig.7 PSD of 3D velocity in pointland point2
point3 F1 point4, point5 # point6 Z[&], = 4E 3
JE R A% B4 R 5 1B 7 0L, A I AL = 4 5
JEE Ty 3 W ARG R B R A WL 2.l 3 n] A g
W AT I 14 3 2 R R R [0, 306, 0. 386 ], 55 SCHK
L7475 Bk HAE i i B &R BRI 1 2 800
Prafiit,
F2 IWERTIEERE
Table 2 Frequence to peak value of PSD

o x y <
pointl 36. 33 40. 53 37.74
point2 33. 14 37.74 39.13
point3 33.54 40. 53 33. 14
point4 32.96 34. 94 32. 14
pointb 35.73 33.54 36. 33
point6 33.54 40. 52 36. 33

U248 M4t s 1T U 5 ol Ak R R A R
P 5 R, SR B3 53 A, 8 7 T vl 58] A 6 22
R, nE 8~ 10 frs .

HH 1l 8~ [&] 10 AT 1, 25 B % AR A b = A>T 1)
R N 2 E) A AE B S A AR 6 25, HOOT AR R B, AHAL
ZEFE[-180°, 180 WU I N b R il 3, I A58 4k 075
180°, 1 BH =~ J7 1] 3 B PR P 22 1] - 58 2 XK
2001

100
-1001
100
0_
-100
2200 : . L d
100
0_
2 -1001
-200 0.2 0.4 0.6 0.8 1.0
Reduced Frequency

8 x/L=0.012 & i E 4L
Fig. 8 CSDP of velocity at x/L=0. 012

=

o
=3
=

CSPD-UK®) CSPD-VI(°) CSPD-W/(®)




%6 K MRS RSN G AR AR HEEUE BT 785
200 (1) 7 O° MR F ML B8 K 25 L ] 56 4 2
mg-WWWMMW AR SN 5 T A R P 5 BT A 52 20 T
preetil Il ) Dl (2 3 71 0 3 2 51 5 T B 5 R e

1001

=100
=200 T T T
100

-1001
-200

CSPD-UK®) CSPD-VI(°) CSPD-W/(®)
=

02 04 06 08 10
Reduced Frequency
9 x/L=0.1%FEEHEMC
Fig. 9 CSDP of velocity at x/L=0. 1

2001
1001
0
-1001
=200 T T T T )
1001
0.
-1001
=200 T T T T 1
1001
01

CSPD-UK®) CSPD-VI(°) CSPD-W/(®)

0.2 0.4 0.6 0.8 1.0
Reduced Frequency

10 x/L=0.3 & E M
Fig. 10 CSDP of velocity at x/L=0.3

P 78 D ASAL 5 )3 — AR 26/ F 0. 6 B, =4k
R R 2 [ Y A 7 25 5 BE AL A AR B R A, 2 IH —
EIAE R T 0. 6 W,y J7 [n] 38 B @ AH A7 22 #E0E T
+180°, H Il & W 4532 2P 8 B 25 A 15 10, b A A 8 A
ST 5 = 7 A1 A A A 25 BR 24 7E OCBHIE T U Bl s B
) 5% 0 B AR T T e T ) B ) A A 25 A
S BIZE 0° L I sh AR

4 %= &

MR BT 3 45 R X gL it o b 455 B KRR
KICHRE R S B LUF 2598 .

A B R B 3 10 2 25 AR D A 4 5 el RE
DA (LA 3R F L 14 34 e 20 I T i 2 M {EL e T
1 T AH 5

(3) M T A YRR 37 1 fe A i il 5t )
150 £ 26 A R AP 3 B AR AR S 5 1 NI IE BA T B R
J7 WA R A

& % X #:

[1] AHMED S R, RAMM R, FALTIN G. Some salient
features of the time-averaged ground vehicle wake[ R].
SAE Technical Paper Series 840300, 1984.

[2] FARES E. Unsteady flow simulation of the Ahmed ref-
erence body using a lattice Boltzmann approach[ ] ].
Computers and Fluids, 2006, 35: 940-950.

[3] KAPADIA S, ROY S, WURTZLER K. Detached eddy
simulation over a reference Ahmed car model [ R].
ATAA-2003-0857.

[4] LIUY L, ALFRED M. Numerical modeling of airflow
over the Ahmed body[J]. Proceedings of CFD 2003,
Canada, 2003, (2): 507-512.

[5] RODI W. DNS and LES of some engineering flows[J].
Fluid Dynamics Research, 2006, 38 145-173.

[6] JOSEPH S. General circulation experiments with the
primitive equations [ J ]. Monthly Weather Review,
1963: 91-164.

[7] VINO G, WATKINS S. Flow structures in the near-
wake of the Ahmed model[ J]. Journal of Fluids and
Structures, 2005, 20 673-695.

[8] WILLIAMS S. Self-excited aerodynamic unsteadiness
associated with passenger cars[D]. University of Dur-

ham, 2001.

Numerical study of unsteady features of airflow around the Ahmed body

ZHU Hui*?, YANG Zhi-gang"
(1. Automobile Wind Tunnel Center, Tongji University, Shanghai 201804, China;
2. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Changsa 410082, China)

Abstract: The airflow around the Ahmed body with 30° slant angle has been simulated using LES. By

statistically analyzing the computational results including drag force, lift force and 3D velocity, consulting

the data belong to published reference; the computational method has been validated. The key conclusion is

that with 0° yawing angle, the unsteady parameters of airflow around Ahmed body with symmetry geometry

are not absolutely symmetrical.
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