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Fig. 2 Schematic of dimensions and arrangements of the dimple units
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Table 1 The drag reduction ratios of the non-smooth surface with different dimple array types

array type
smooth surface model arithmetic rhombus rectangle
C, 0.275 3 0.273 4 0.2722 0.269 3
drag reduction ratio D /% 0.69 1.12 2.18

3 HEZ R B A B 1) S i

31 IrBETEARAZEHHRRT

HRAE 1 SCE5 AR /IN T ARG U AR R TS 43 36T M0 R FH 3 AN () 9% 3 R 20 A AR G TR A
BRI A L x W =130 x 100 mm®, JEEIARAY 2 A% L x W =100 x 80 mm*, E i
FEF 3 )AL x W =60 x 40 mm®,3 FIRER MR EE A 14 mm, WA 3 Fis.

(a) HEHY 1 (b) HiAL 2 (c) HiRL3
(a) Non-smooth surface model 1 (b) Non-smooth surface model 2 (¢) Non-smooth surface model 3
B3 dptmkmpisy

Fig. 3 The non-smooth surface models

(a) SRR (b) B3
(a) The smooth surface model (b) Non-smooth surface model 3
B4 RilLE
Fig. 4 Diagrams of path lines of the wake flow
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Fig. 5 Comparison of the airflow velocities
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(a) The smooth surface model
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(o) AR 2

(¢) Non-smooth surface model 2

PRI 2 (B Pa)
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(b) JAESLEAL 1
(b) Non-smooth surface model 1

(d) JAEEiER 3
(d) Non-smooth surface model 3

Fig. 6 Pressure contours of the rear of models(unit; Pa)
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(e) AEEHHEIAL 2 (d) dBaii 3
(¢) Non-smooth surface model 2 (d) Non-smooth surface model 3
7 RUBIRE R B (BT mP/s?)
Fig. 7 Contours of the turbulence energy(unit: m>/s>)
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Table 2 The drag reduction ratios of non-smooth surface models with different dimple array densities

model number

non-smooth surface non-smooth surface non-smooth surface
smooth surface model
model 1 model 2 model 3
Cy 0.2753 0.269 3 0.266 7 0.264
drag reduction ratio D /% 2.18 3.12 4.10
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Fig. 8 Velocity vectors within the dimple unit
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Fig. 9 Comparison of wall shear stresses on the top surface(unit: Pa)
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Effects of Non-Smooth Surface Dimple Configuration
on Vehicle Body Aerodynamic Characteristics

XIE Fei', DING Yu-mei', QIN Liu', YU Hua-chun’, YANG Wei-min'
(1. College of Mechanical and Electrical Engineering, Beijing University of
Chemical Technology, Beijing 100029, P.R.China;
2.Ningbo GMF New Material Technology Co. , Ltd. ,

Ningbo, Zhejiang 315000, P.R.China)

Abstract: According to the idea of bionic non-smooth revolution bodies, the SAE ( Society of

Automobile Engineers) standard model was selected as the object of study, and the computa-

tional fluid dynamics ( CFD) method was used to investigate the effects of different non-smooth

surface dimple array forms and densities on the aerodynamic performance of vehicle bodies.

Through comparison of such flow field performance indicators as wake flow, airflow velocity,

pressure field and turbulence kinetic energy between various models, the drag reduction mecha-

nism of the dimpled non-smooth surface and the reasons for the difference of flow field proper-

ties between those models were analyzed. The results show that the minimum aerodynamic drag

occurs when the dimple units are arranged in a rectangular configuration, and the aerodynamic

drag decreases along with the longitudinal dimple distribution density, attaining the highest drag

reduction ratio up to 4.1%.

Key words: drag reduction; SAE model; CFD; non-smooth surface



