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Definition of swirl function and its appliation

to identification method of swirling motion
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Katsuyuki NAKAYAMA, Kenji Umeda, Toshio ICHIKAWA, Yukio NISHIHARA, Shu TAKAGI

A method of identification of swirling motion, with swirl function defined in this paper, and its application
are presented. Flow characteristic can be classified with eigenvalue of velocity gradient tensor, and complex
eigenvalue indicates that flow is swirling motion. Here the imaginary part of the complex eigenvalue is
defined as swirl function, and the local maximum point of swirling function is assumed to be the axis of
swirling motion. The swirl function can be considered as a physical property which corresponds to angular
velocity of swirling, which is invariant in transformation of coordinate. This method enables to identify the
swirling motion hidden in complicated flow, which is difficult to identify with velocity field or streamline,

and also estimate the intensity of swirling.
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Fig.1 Trajectory of swirling motion
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Fig.2 Swirl function ¢(r) in Burgers vortex
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Fig.3 Velocity distribution of separa-

tion vortex with uniform flow

Fig.4 Swirl function distribution of separation vortex

Fig.5 Modified velocity distribution of

separation vortex (zoomed)

Fig.6 Vorticity distribution of separation vortex
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Fig.8 Swirl function distribution of
swirling motion (big swiling motion in
the middle and small one on the right
side which is hidden in the velocity field)

Fig.9 PIV insturmentation (raw data sample)
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Fig.10 Velocity distribution obtained by PIV

Fig.11 Swirl function distribution

Fig.12 Modified velocity distribution
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Fig.13 Velocity structure of swirling
motion indicated by velocity distribution
(corresponding to Fig.10)
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Fig.14 Velocity structure of swirling
motion identified by swirl function (cor-
responding to Fig.12)
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