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Summary

To achieve high aerodynamic performance and low wind noise level in production vehicles,
drawing quality should be improved by making a substantial study in the first half of the
development period because it is essential that the setback or residence which could occur in the
second half of a development period should be minimized. No prototypes exist in the first half of the
development period. For this purpose, we have developed aerodynamics and wind noise simulation
technology and established a development process with great linkage between the simulation and a

wind tunnel test. This paper shows the outline of the development process and applicable examples

of the aerodynamics and wind noise simulation to the product development.
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Fig.1 Aerodynamics Testing Laboratory of Mazda
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Fig.2 Aerodynamic Developing Process
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Table 1 Comparison of Applied FDM, FEM and FVM

Finite Difference Method
(FDM)

Finite Element Method
(FEM)

Finite Volume Method
(FVM)

Governing Equations

Unsteady Incompressible
Navier-Stokes Equations

Filtered Unsteady Incompressible
Navier-Stokes Equations

Time-averaged
Navier-Stokes Equations

Turbulent Model K-K scheme Smagorinsky SGS Model K-¢ Model
Model Structure Structured Hexahedron (Unstructured Tetrahedrons Uns .tructured Hybrid
(Mainly Hexahedron)
Model Size 10 Million Grids 6.3 Million Mesh Elements [ 2 Million Mesh Elements
Minimum Spacing 4.0 mm 0.44 mm 2.0 mm
Adaptive mesh N/A H-refinement N/A
Inflow / Outflow Fixed Value / Zero Gradient
Body Surface No Slip Wall Law
Time Step 1 msec 3.2 pusec —
Computation Time 30 CPU Hours 70 CPU Hours 50 CPU Hours
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Table 2 Characteristic of FDM, FEM, FVM

FDM FEM FVM

Computation Time Short Long
Difficult Easy
Available Available

Relatively short

Shape Reproducibility Relatively easy
Not Available

Available

Unsteady Simulation

Temparature Calculation || Not Available | Not Available

. Aerodynamics . . .
Applied area Wind Noise Wind Noise | Climate Control

Fig.3 Computational Grid of Finite Difference Method

Fig.4 Computational Grid of Finite Difference Method

O Front-pillar and Door MirrorQ
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Original Model Modified Model
(b) Experiment

- A

Original Model

(c) FDM
Fig.5 Pressure Distribution at Y-Z Section
0 Section is at 300mm behind Door Mirror(J

Modified Model
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Velocity Improvement

Fig.6 Velocity Distribution of RX-8

Fig.8 RX-8 Rear Combination Lamp
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Fig.9 Computational Grid of FEM

Fig.10 Computational Grid around Door Mirror
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(a) Experiment

Modified Maodel
(b) FEM

Cingmal Model

Fig.11 Intensity of Acoustic Source on Side Window

Fig.12

Intensity of Acoustic Source on RX-8
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t=0.035

t=0.070 t=0.105

(b) Vorticity o, distribution around Door mirror on the XY section

Fig.13 Unsteady Flow Simulation
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