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Development of Identification Method of Low-Pressure Vortices with
Swirling Motions to Support Improvement of
Aerodynamic Performance
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Abstract

To achieve both less aerodynamic drag and design, a method to identify low-pressure vortices with swirling
motions around a vehicle has been developed. Previous vortex identification methods are generally used in the
field of vehicle aerodynamics, which give complex identification results and do not always identify low-pressure
vortices with swirling motions. Therefore, we focused on the sectional-pressure-minimum-and-swirl method
that visualizes vortex core lines of low-pressure vortices with swirling motions, and extended the method to be
applicable to flow fields around a vehicle. Specifically, the existing method was extended to be applied to
unstructured grids used in vehicle aerodynamics simulation. In addition, we have developed a vortex core line
construction algorithm that uses the physical information of the vortex center point to suppress the fragmentation
of the vortex core lines. By applying the new method to the flow filed around a vehicle, the known vortices that
occur around a vehicle was identified. Moreover, the new method is able to suppress the fragmentation of vortex
core lines, which the previous methods cannot. From these results, the new method is proved to be effective to
identify low-pressure vortices with swirling motions around a vehicle. In the future works, this method will be
extended to be evaluated vortices quantitatively and a model relating vortices and aerodynamic drag will be

constructed. This model will be used to contribute to both less aerodynamic drag and design.
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Fig. 1 Vortex Region Method

Fig. 2 Vortex Core Line Method
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Fig. 3 Procedure for Finding the Vortex Center Point
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Fig. 7 The Iso-surfaces of Q and the Vortex Core Lines
Obtained Using the New Method
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Fig. 8 Vortex Core Lines outside the Front Wheelhouse
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Fig. 10 Results of Vortex Identification around the
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