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Abstract

For the reduction of fuel consumption of high speed, the aerodynamic drag must be reduced.
In early vehicle design process, it is very important to have information about aerodynamic characteristics of
design models. In this phase CFD methods are usually used to predict the aerodynamic forces. But commercial
programs using turbulence models cannot give a good agreement with experimental result and have also
problems with convergence. PowerFLOW employs a new technology called DIGITAL PHYSICS, which
provides a different approach to simulating fluids. DIGITAL PHYSICS uses a lattice-based approach (extended
from lattice-gas and lattice-Boltzmann methods) where time, space and velocity are discrete. This discrete
system represents the Navier-Stokes continuum behavior without the numerical instability issues of traditional

CFD solvers, such as convergence.

In this paper, aerodynamic performance of vehicles are simulated using PowerFLOW by Exa and results are

compared with experimental wind tunnel data.
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Fig 1. Flow chart for analysis
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Fig 2. The Car body in the digital wind tunnel
XA AREEE Arks 28 39149k 2] Voxelol2t &
g= ALSHA 9 AR} Voxeld 2}H) EHAAF facet. ] 7
AR E A% Surfel 74H

Voxels
/F’

&
4«2\'

3
e
<2

7

Fig 3. Definitions: Facets, Voxels, Surfels



Fig 4. Computational lattices
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Table |. Size of computational lattices

Voxcel Surfel Memory
MIRA X529 700 WH7N 80 7Y 1.6Gb
AR E 1200 %74 100 T+7) 3.9Gb

71 A% AF, Cp
= A 4 Al 3 27 (%)
Notch Back 0.318 0.316 +0.6
Square back 0.39 0.37 +5.4
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Fig 5. Comparison between the measured and predicted
pressure coefficient at notch back model

Fig 6. Velocity contour and streamlines at notch back
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Fig 7. Comparison between the measured and predicted
pressure coefficient at square back model.
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Fig 8. Velocity contour and streamlines at square back
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Table 3. Aerodynamic Coefficients of Real Car model

FNAG AT, Cy
| A 9 AE 24 (%)
A Car +0.4
B Car +7.3

Fig 9. The real car model with full underbody geometry

Fig 10. Streamlines of the real car model
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Fig 11. Velocity vectors in car body surface
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Fig 12. Sound pressure level for wind noise analysis
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