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The main purpose of this research was developing an optimization method for both the aerodynamic drag and stability during

high speed operation, by clarifying the flow field around vehicles. In this paper, two examples are described, which are specifically

focused on reconstructing typical flow fields around vehicles and unsteady behavior by using detailed models of real vehicle in large

scale LES. Both of them had large elements and required many calculation steps, so a high performance supercomputer was needed

to reconstruct the flow field in high accuracy. From the results which were obtained in this study, we can say that the numerical

simulations which were conducted on the Earth Simulator have a great influence in suggesting the vehicle aerodynamic optimization

method which will lead the world.
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1. Background

Aerodynamic development of road vehicles for improvement
of the fuel efficiency is one of the most important characteristics.
Recently studies about reducing the aerodynamic drag indicated
that the cross wind or change of flow structures that arise
from vehicle motion might change the aecrodynamic drag, and
influence the dynamic performance or the running stability. In
this study, the detailed vehicle geometry was reconstructed and
the real running condition was reproduced in order to develop
an aerodynamic optimization method for the flow field around
vehicles. Under these conditions, several large scale LES, were
conducted and the unsteady aerodynamic performance was

focused on.

2. Numerical method
The governing equations of LES are given by discretized

by vertex-centered finite volume method for an incompressible

Fig. 1 Vehicle model.

deformed

Newtonian fluid. SGS eddy viscosity is used which was
modeled by Smagorinsky with constant Cs set to 0.15, and the
wall damping function to express the asymptotic behavior of an
SGS eddy viscosity near the wall, which was created by van-

Driest.

3. Detailed tyre geometry simulation
In this case, LES were conducted to estimate the influence

of tyre deformation near the ground on the flow field around the
vehicle. In this simulation a detailed vehicle model (Fig. 1) was
used, and the flow field differences of the two types of tyres, a
non-deformed tyre and a deformed tyre, were investigated. There
were flow separation point differences on the front tyre surface
near the ground region, and total pressure distribution differences
were also observed (Fig. 2). These flow characteristics near the
front tyre influenced downstream flow, such as the flow volume

under the vehicle or the flow stream line distributions, and the

non-deformed

0.800

Fig. 2 Total pressure distribution near the front tyre.
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aerodynamic drag was increased by 8.6 % because of the tyre
deformation. The minute geometric reproducibility of the model

made a big difference in aerodynamic force estimation.

4. Lift force fluctuation simulation of a sedan type

vehicle

In this case, time fluctuation of the lift force was focused
on, and a post-processing method which extracts the dynamic
flow structures was developed. In order to extract relatively low
frequency lift fluctuations which can activate the resonance of
the vehicle suspension system, and to specify the flow structure
which induces the fluctuation, POD or DMD were applied to
the simulation results. A simulation lasting more than 10 times
longer (physical time) was conducted to comprehend the low
frequency fluctuation. A detailed sedan type vehicle model
(Fig. 3) was used for this simulation. There are peaks near in
0.3 Hz or 2 Hz in Fig. 4, a result which was obtained from FFT
which was applied to the time fluctuation of the lift force. Then,
DMD was applied to pressure, which is a physical quantity of
all nodes in the calculation region, and the mode distributions
which were corresponding to the peaks in FFT result in order to
examine the source of the lift fluctuation were visualized (Fig. 5).
There is a region where the mode vibration amplitude was
large, and the underfloor flow was specified to influence the low

frequency fluctuation of the lift force.

Fig. 3 Vehicle model.
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Fig. 4 Amplitude spectrum of the lift force.
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Fig. 5 Mode distributions in 0.3 Hz, 2.1 Hz.

Acknowledgement

This work was supported by the following grants: “Strategic
Programs for Innovative Research” Field No. 4: Industrial
Innovations from the Ministry of Education, Culture, Sports,
Science, and Technology’s (MEXT) “Development and
Use of Advanced, High-Performance, General-Purpose
Supercomputers Project” and was carried out in partnership
with the University of Tokyo to improve FrontFlow/red-Aero
for a high performance computing simulation carried out using
“Revolutionary Simulation Software (RSS21)” by MEXT
for developing FrontFlow/red, and it was supported by the
Industrial Technology Research Grant Program (2007-2011)
from the New Energy and Industrial Technology Development
Organization (NEDO) for developing the simulation software
“FrontFlow/red-Aero” and by the Japan Society for the
Promotion of Science (JSPS) Grant-in Aid for Scientific
Research (KAKENHI) (B) No. 26289033 for the physical

mechanism of unsteady aerodynamics.






