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Abstract : The current trend in the ground transportation industry indicates an increased interest in replacing mirrors with camera
monitor systems(CMS) to increase fuel efficiency and to improve visibility of the surrounding environment. The main purpose of
CMS is to improve driver visibility in future vehicles with a more aerodynamic profile, especially during the night or under
adverse weather conditions. Having a clear, unobstructed view of the vehicles and the road around you under these conditions is

crucial. Heavy rain conditions can, however, result in rivulets of water flowing onto the camera lens. Once these rivulets and the
pooling of water feed on the camera lens, they can significantly impair visual acuity. Having the ability to detect water
management issues earlier in the design cycle is desirable to minimize the negative impact of water management features. A
numerical simulation of CMS water management is highly desirable for this reason. This paper presents the application of a
multiphase lattice Boltzmann CFD solver in addressing rain water management issues on a CMS of a large bus. The result of this
study confirmed that the application of CMS showed a noticeable improvement in drag, and it had 8.4 % less drag at the angle of

zero yaw. The key mechanism was the convergence of two rainwater streams from the bottom and outer surfaces, which generated
rain water deposition at the camera lens. The parameter study showed that modified geometry resulted in different rivulet
trajectories and significantly depleted rainwater deposition over the camera lens.

Key words : Mirror("] 2]), Camera monitor system(7F] 2} U E] A28, Visibility(A] 4143), Rivulet(4]5), Drag(33), Rain

water management( 3 Z- ¥-2])
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Table 1 Voxel size of each variable region

VR Region Size (mm)
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(a) 100 km/h (b) 60 km/h
Fig. 11 Film thickness simulation results of RH CMS after 11sec
corresponding to the flow velocity variation

(a) Film thickness

Film Valocny[m!sac}

(b) Film velocity with streamline

Fig. 12 Film thickness and velocity simulation results after 11 sec at
60 km/h corresponding to the variation of yaw angle (left:
yaw=5°, right: yaw=0°, RH: windward, LH: leeward)
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Table 2 Model description

Item Description
Base Initial design
A A+outer side guide
B Modification of bottom shape
C Edge application to the rounded area
D C+modification in head region
E D+lip
F E+lip extension
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Fig. 14 Streamline and film thickness results for the modified model
simulation after 11 sec at 100 km/h

Fig. 15 Streamline and film thickness results for D model simulation
after 11 sec at 100 km/h
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Fig. 18 Time transient film thickness for RH side of F model at 100
km/h
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