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Aerodynamic Drag Features on Automobile with
Non-smooth Surfaces

WANG Yun, CHEN Ke, ZHANG Youguo, SONG Xigowen

( Department of Mechanical Engineering, Zhejiang University,
Hangzhou 310027, China)

Abstract; which is
ubiquitous in nature, is applied to automobiles and the

The form of non-smooth surfaces,

feasibility of aerodynamic drag reduction on automobiles is
studied by using computational fluid dynamics ( CFD)
simulation method. Meanwhile, by studying the composition
of the air resistance and comparing the external flow field of
automobiles with smooth or non-smooth surfaces, the effects
of automobile with non-smooth surfaces on pressure drag,
induced drag and frictional drag are analyzed together with the
mechanism of drag reduction.
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Fig.1 Automobile wireframe model generated

by reverse engineering
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Fig.2 Construction of automobile contour

points and contours
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Fig.3 3D automobile model
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Tab.1 Non-smooth unit size

b R 2. KRR

BRGS L LSS B /mm [ #E /mm
1 BRI U1 1. 50 2.50
2 LR TR 1. 50 2.50
3 E=fBRAE 1. 50 2.50
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Fig.4 Schematic diagram of non-smooth unit size
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Fig.5 Schematic diagram of non-smooth

unit appearance
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Fig.6 Automobile with non-smooth surface
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Fig.7 2D mesh optimization of automobile with
non-smooth surface
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Fig.8 3D mesh optimization of automobile with

non-smooth surface
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Fig.9 The result of mesh generation
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Tab.2 The result of the experiment
BRGNS WIS TR R/ %
1 0. 378 0. 007 1.82
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3 0. 374 0.011 2. 86
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Tab.3 Comparison of viscous forces
ERGS 0 1 2 3
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Fig.10 Schematic diagram of pressure distribution JEE TS . T/ INE TR R0 I FE 2B , B DA 3k 3] B
for automobile body surface VR A R
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Fig.11 Comparison of pressure contours of the longitudinal symmetrical section for front quarter
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Fig.12 Comparison of pressure contours of the longitudinal symmetrical section for rear quarter
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Fig.13 Comparison of the longitudinal symmetrical sections
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Fig.14 Comparison of pressure distributions of the longitudinal symmetrical section
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Fig.15 Schematic diagram of reference plane location

c BB 3. EZATRMRE AR TR
16 BEZERE 125 em BB EE /1 LL &

Fig.16 Comparison of pressure distributions of the

section 125 em from the rear of the car

BHLA S R EN, LR R n/NEZE
B 5B T, BAR 2 S5 3 SRAEE S
HEXF W % BA B R, 1H 3 3R BN R BB
AU AR AT L 1, T B, 3R 2, YERH 2 50 3
SR R R BN T R 2 ) 5 EEE )
W/INEL ) S 7E B TSR R B H IR BROR.

3 it

WIRNB|EREE U BABHMR. SR

W R B AR SO N R B BRI B 3K B T
5. 45% , BEASE BIFE IR MFE, REIRF M & TF
PERYPER.

(DI R BB/ NMIFE RS, 2 H
NERERRERNSINRSG. R EREBUER
ERHRENRY, ERRXEEER, BRI/ T B
W X A REXHR RN, RIS T ¥R 1 IR 22 ).
SRR ERM L, KRR I OEH TR0 2 2 4 2
/DN X R AR IR B B . JERIE &
RUSH RS R AT, BSMEIRE
B FERSF A XS, IR E R E R, HiER
RELH 3 R B B BT =, JE IR 2R AR
EIRTF RSN IR BB FTRCR.

X3k

[1] ZHANG Deyuan, LI Yuanyue, HAN Xin, et al. High-precision bio-
replication of synthetic drag reduction shark skin[J]. Bionic
Engineering, 2011(56):938.

[2] LeeSJ, Jan Y G. Control of flow around a NACA 0012 airfoil
with a micro-riblet film[JJ. Journal of Fluids and Structures,
2005,20(5) :659.

(3] Ui, 208, =09, 5. B & FEh K55 L5 A 3 5T
RO 48 53%,2008,22(7) : 14.

LIU Bo, JIANG Peng, LI Xuzhao, et al. Drag reduction bionic
research on riblet surfaces of shark skin[J]. Materials Review,
2008,22(7):14.

[4] Ricardo Garcia-Mayoral, Javier Jimenez. Drag reduction by
riblets [J]. Philosophical Transactions of the Royal Society,
2011,369:1412.

[5] Brian Dean, Bharat Bhushan. Shark-skin surfaces for fluid-drag
reduction in turbulent flow: a review [ J]. Philosophical
Transactions of the Royal Society,2010,368:4775.

[6] LIU Zhihua, DONG Wencai, XIONG Ying, et al. Analysis on
factors and mechanism of drag reduction by grooved surface[J].
Journal of Ship Mechanics, 2007,11(6):820.

(7] #J 4. \ESESFHFEIM. LR EindE H iR, 1998.
DU Guangsheng. Automotive aerodynamics [M]. Beijing: China
Standard Press, 1998.

(8] M XHHE. WRKRERBREMHHRLI]. KELR,
1996,18(6) :343.

FU Limin, LIU Xiguo. A study on the wake structure of typical
automobile shapes[J]. Automotive Engineering, 1996,18(6):
343.



