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Abstract : One of the main components that contribute to drag is the pair of large mirrors used in commercial buses. Typical buses
exhibit numerous saddle and re-attachment points that are distributed at various locations on the side and at the rear end, as well as
many recirculation zones due to the attachment of large mirrors. Therefore, improving the drag of the mirror can significantly
contribute to reducing the drag of the vehicle. In this study, the transient computational fluid dynamics(CFD) approach based on the
Lattice Boltzmann Method is presented to further improve the mirror stay design and enhance performance. The influence of the
mirror stay shape, the configuration on three-dimensional separated flow patterns, and induced pressure distribution were addressed
under different yaw conditions. Visualizations of time-averaged and instantaneous flow structures showed that the flow separations
on the leeward side were unsteady in yielding large vortices, while the size and the strength of the vortices around the mirror stay
increased with the yaw angle. The results clearly showed that the drag coefficient of the best type with an aerodynamic mirror shape
is 8.9 % lower than the baseline mirror at 0° yaw, and the wind-averaged drag coefficient of the best model is 3 % lower than the
drag coefficient at 0° yaw. The mirror drag and the interference drag are noticeably reduced, depending on the variation of the
mirror.

Key words : Commercial bus(’d-8H22), Large-sized mirror(th3 ©]#]), Reattachment point(#]+-2H7), Yaw angle(27}),
Wind-averaged drag coefficient(®8 v &2 7| <7), Interference drag(ZH4d &)
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Fig. 1 Computational grid resolution around A-pillar and mirror
under cross wind condition (top: RH, bottom: LH)
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Fig. 2 Mirror shape and configuration
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Fig. 3 Streamlines around mirrors

Fig. 4 Isosurface of baseline model at a yaw angle of 0°
(Cp: =0 time averaged)

Fig. 5 Streamlines around body at a yaw angle of 0° (black square:
node)
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(a) yaw=0° condition

Fig. 6 Streamlines around body at a yaw angle of 5° (black square:

node, white circle: focus point)

(b) yaw=5° condition

"~ Leeward

Fig. 7 Streamlines around body at a yaw angle of -5° (black

=-5° condition
Fig. 9 Velocity and time-averaged streamlines field around

(c) yaw

square: node, white circle: focus point)

baseline mirror (arrow: vortex core)
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Fig. 8 Streamlines and pressure distribution on the rear body

surface corresponding to the yaw angle variation
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A Numerical Study on the Aerodynamic Characteristics and Wind-averaged Drag Coefficient Evaluation for a Mirror Modification of Express Bus

(c) around LH stay at a yaw angle of 0°

—

(d) around RH stay at a yaw angle of 5°
Fig. 10 Instantaneous wake structure around baseline mirror:
velocity magnitude and streamlines (AT=0.14sec)
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Fig. 11 Isosurface of baseline model (Cpt=0 time averaged)
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Fig. 13 1/4 scale model in the test section of wind tunnel

Table 1 Specification of wind tunnel and test condition

Dimensions of nozzle(WxH) 58mx3.87m
Exit area of nozzle 22.45 m’®
Length of test section 9.95m
Wind velocity 44 .4 m/sec
Moving belt velocity 44.4 m/sec
Moving belt length 7.8 m
Moving belt width 09m
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where Vr : vehicle velocity relative to the road way
Vw : mean wind velocity
¢ : angle of the mean wind relative to the vertical
center plane of the vehicle
1 : angle of yaw of the vehicle relative to the equivalent

free airstream

E'D: wind-averaged drag coefficient

Vehicle

Fig. 17 Relative airspeed vector diagram

Table 2 Wind-averaged drag coefficient computation chart of

baseline
ED computation for VT=90 kph, Vw=3 m/sec
i [0} M Y CD MxCD
1 -165 0.774 -2.107 1.029 0.796
2 -135 0.839 -5.538 1.197 1.004
3 -105 0.951 -7.112 1.349 1.283
4 -75 1.080 -6.671 1.299 1.403
5 -45 1.192 -4.643 1.144 1.363
6 -15 1.257 -1.653 1.020 1.282
7 15 1.257 1.653 1.027 1.291
8 45 1.192 4.643 1.179 1.405
9 75 1.080 6.671 1.396 1.508
10 105 0.951 7.112 1.519 1.444
11 135 0.839 5.538 1.274 1.069
12 165 0.774 2.107 1.044 0.808
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Fig. 18 Comparison of drag coefficient and drag reduction rate
between Cd at a yaw angle of 0° and wind-averaged Cd for
different mirrors
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