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Extracting Design Concepts from Visualization Information for a Flow Field
Susumu SHIRAYAMA' and Hiroyuki YAMATO?

Abstract

Recent developments of numerical techniques and computer system have enabled us to obtain a highly accurate CFD
results for steady and unsteady flow fields. However, we have some difficulties to utilize such results in a design process
due to the huge amount of data. Major problem is a handling of those data in comparing with other results, extracting
useful information, archiving in a database and exchanging among the researchers. Firstly, the flow field is visualized
using some display-based techniques such as a volume rendering method for a scalar field and LIC (Line Integral Con-
volution) or PEM (Pixel Exposure Method) for a vector field. And then, a vortical structure is interactively extracted from
the flow field. In a two-dimensional case, some point-vortices are substituted for the distribution of the vorticity. Vortex
sticks will be utilized in three-dimensions. Those vortex elements represent the flow fields. Since size of data is extremely
reduced, it becomes easier to extract useful information from large-scale datasets. Also, vortex elements are utilized for the
comparisons, the archives and the exchanges. This procedure is similar to a technique of data mining. It will be expected

that this methodology becomes a basis of extracting design concepts from visualization information.
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Fig.1 Vorticity and critical points
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Fig.2 Vorticity field by shaded contour
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Fig.3 Vorticity field and velocity field by PEM
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Fig.4 Vorticity distributed in a triangle.
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Fig.5 The triangle rasterized, and vorticity obtained on a sampling space
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Fig.6a Vorticity distributed in a cell denotes
a part of the final sampling space

Fig.6b Vortex element generated by vorticity in a cell
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Fig.7 Distribution of point vortices (5x5 block)
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Fig.10b Contour lines for v-component of the original velocity vectors
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Fig.12 Static stall explained by the behavior of vortex elements
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