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In this research project, Large Eddy Simulations for the road vehicle aerodynamics were conducted to develop the optimization

method that achieve both the drag reduction and the running stability. This fiscal year, two research topics were tackled. One was

the long duration simulations to investigate one to two Hertz fluctuations of aerodynamics that may affect the drivability because

its frequency range is close to the natural frequency of vehicle mechanical system. The other was the simulations of the simplified

vehicle using the active flow control device to optimize the flow structures around the vehicle. The results of the simulations for

reducing the aerodynamic drag acting on the simplified vehicle by controlling the longitudinal vortex using the dielectric barrier

discharge plasma actuator is shown in this report.
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1. Introduction

In the development process of road vehicle, drag reduction
for the improving fuel efficiency is the most important task
for the vehicle manufacturers from both aspects of the product
appeal and the social demand. On the other hand, the design
property is also important on the vehicle external geometry.
Generally, external geometry aimed at drag reduction and the
degree of freedom of design property conflicts each other. If
flow structures could be controlled without changing vehicle
geometry, design property and aerodynamic performance can
stand side by side. Recently, for the purpose of flow control,
DBDPA (Dielectric Barrier Discharge Plasma Actuator) is
gathering attention. In this study, we investigated the position
and the parameters of DBDPA to control the longitudinal vortex

generated around the simplified road vehicle model.

2. Numerical Methods
2.1. Computational code and DBDPA model
“FFR-HPC”, which is based on the unstructured finite
volume method, was used as the computational code. This
code is based on the open source CFD code “FrontFlow/red”
and optimized to the vehicle aerodynamics simulation on HPC
environment. In order to reproduce the unsteady flow structures
around the vehicle, the Large-Eddy Simulation was used as the
turbulence model. The governing equation was incompressible

Navier-Stokes equation with the spatial filter. Dynamic SGS
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model proposed by Lily[1] was uses as the the turbulent
viscosity model. Suzen model[2] was used as the model of the
DBDPA. In this model, the effect of the DBDPA was modeled
as distribution of body force and the external force term was

added to the governing equation.

2.2.Geometry, Numerical Domain, and Computational
Meshes

The target model was the 1/5 scale model of the simplified
sedan type vehicle. The rectangular parallelepiped was used
for the computational domain. Uniform velocity of 19.8 m/
s was imposed on the inlet boundary. For the outlet boundary,
the pressure was fixed and velocity gradient was set to zero.
Free slip boundary condition was applied to the side, top and
ground. The logarithmic velocity profile was assumed on
the vehicle surface, and surface friction was imposed as the
boundary condition. The surface of the vehicle was reproduced
by triangular meshes. The numerical domain was filled with
tetrahedral elements. For the vehicle surface, the 17 layers
of prism cells were inserted to capture the velocity profile of

boundary layer.

2.3.Numerical Conditions and Computational costs
The second order central differencing scheme was adopted
to spatial discretization. However, for the convective term,

5% first order upwind differencing scheme was blended to the
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95% second order differencing scheme to eliminate numerical
oscillation. For the time integration method, first order Euler
implicit method was applied. The physical condition was based
on the atmosphere; therefore, the density was 1.2 kg/m’ and the
kinematic viscosity was 1.82 10” Pa-s.

128 nodes (512 cores) were used for each simulation using
flat MPI parallelization and each simulation required 150 to 200
hours. In this study, several cases with changing parameters and

position of DBDPA were carried out concurrently.

3. Results
3.1. Position of Plasma Actuators

Prior to the simulations with the active flow control,
the simulation without the active flow control was carried
out in order to investigate the flow structures that cause the
aerodynamic drag to be controlled. The result indicated that
the negative pressure region on the side of the trunk-deck due
to the longitudinal vortex contributed the aerodynamic drag.
This longitudinal vortex was originated from the influence of
the C-pillar vortex. Then, we decided to reduce the negative
pressure region by eliminating the influence the effect of the
longitudinal vortex. Thereby, DBDPA was installed on the side
of the trunk-deck, and the flow was induced upward to lift the

position of the longitudinal vortex.

3.2.Optimization of the parameter of DBDPA
Simulation with flow control using DBDPA under three
conditions were conducted and the results were compared with
that of the case without the flow control. The power of three
conditions were set to generate induced flow velocities of 4 m/s,
15 m/s, and 25 m/s in a windless condition. The drag reduction
effect of 0.004 at the maximum was obtained using DBDPA.
The parameters of DBDPA and the results are shown in Table 1.

Table 1 Parameters of DBDPA and drag coefficient C,,

w/oPA Casel Case2 Case3
Induced flow velocity
[m/s] 0.0 4.0 15.0 25.0
Cy 0.144 0.143 0.140 0.141
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Next, the vorticity magnitude distributions and the surface
pressure distributions around the vortex at the side of the trunk-
deck were visualized. In the case which the effect of the drag
reduction was observed, although the vortex tended to be
strengthened, the position of the vortex moved upward. Then,
the negative pressure around the trunk-deck was shrank as the
position of the vortex moved.

From these results, it was demonstrated that the drag
reduction effect can be obtained by controlling the flow

structures using DBDPA.

4. Conclusions

In this research, the unsteady aerodynamics simulations
using active flow control by DBDPA were performed in order
to improve the aerodynamic performance of the road vehicle.
It was shown that the drag reduction effect can be obtained
by keeping the longitudinal vortex generated at the side of the
trunk-deck away from the vehicle and suppressing the pressure

drop on the surface of the vehicle.
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