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Extended Abstract

The flow around the Ahmed body, proposed by Ahmed et al. [l has become a paradigm in fundamental fluid dynamics
research from viewpoints of instability, drag reduction, and body shape optimization. The drag coefficient Cp of the flow
around Ahmed body changes according to the angle 8 of the slanted surface at the top-rear part of the body. In particular,
Cp changes steeply at the slant angle 8 = 30°, where the flow regime also changes at this angle. In vehicle body design, the
slant angle & = 30° is not preferable for the body design, because of the acrodynamic drag, increased fuel consumption, and
driving stability. However, the mechanism of the sudden Cj change at 8 = 30° has not been clarified. This phenomenon has
been confirmed experimentally in high Reynolds number (Re) conditions above 10%, whereas it has not been reproduced in
numerical simulations. In such high-Re flows, direct numerical simulations (DNS) require a huge amount of computational
resources. Although the use of turbulence models can reduce the computational cost, it still remains the problem of the
selection of the appropriate turbulence model. The author's research group focused on low-Re flow, which does not require
the turbulence model. We have investigated the conditions when oscillatory flow takes place from the steady flow. It has
been confirmed that oscillatory flow occurs at Re = 1751 at 8 = 29° 2. However, the dependence of the slant angle 6 on
the critical Re has not been clarified. If we understand the transition mechanism to oscillatory flow at low Re, then this will
contribute to our understanding of the & = 30° transition at high Re.

To clarify this question, a three-dimensional numerical simulation of the flow around Ahmed body at the slant angle
6 = 31° was carried out in the present study. For the case of 8 = 31°, an oscillatory flow takes place at Re, = 819,
nevertheless, the amplitude of the oscillation is very small and spatially localized. At further increased Reynolds number, a
different type of oscillatory flow appears, and its amplitude and spatial extent are sufficiently large. The Reynolds number
for the onset of this secondary oscillatory flow was predicted as a range of 1200 < Re < 1400. The mechanism of this
secondary oscillatory flow was investigated from the viewpoint of the energy supply from the time-averaged field to the
deviation field. Both of time-averaged field and energy supply field were qualitatively different from the case of 8 = 29°.
The time-averaged fields for both 8 = 29° and 31° are mainly composed of vortices shed from the side-top of the slanted
surface and a vortex shed from the middle top of the body. The middle-top vortex of in the case of 8 = 31° is stronger than
that of the & = 29° case. Concerning the energy supply from the time-averaged field to the deviation field, the strong energy
supply was found in the middle top of the body for the case of 8 = 31°. Besides the above-mentioned qualitative difference,
the frequency of the oscillatory flows was considerably different. The Strohal number for & = 31° is approximately 8 times
larger than that for 8 = 29°.
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