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An experimental study on the vortex-breakdown
phenomena of a swirling flow
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Abstract

This project studied the dynamic phenomenon
of vortex breakdown and its interactions with the
recirculation bubble for an annular swirling jet
flow, The flow instability phenomenon of the
swirling flow was also investigated. Qualitative
study uses smoke generator and laser light sheet
for visual observation. Quantitative study uses
thermal anemometry and LDV for further
investigation of the dynamic bechaviors of the
vortex breakdown. The flow conditions for the
spiral breakdown and bubble-type breakdown are
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studied in detail. The velocity distributions
around the breakdown are measured which was
never investigated. The dynamic behaviors of the
vortex core are studied. The mechanism
concerning the formation of vortex breakdown
and its relation with the azimuthal velocity are
studied. The position of the vortex breakdown
and its relationship with the swirl number and the
Reynolds number are also investigated.

Keywords: Swirling flow, vortex breakdown,
flow pattern, flow instability
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Fig. 1. Video images of the annular swirling flow for Re=660,
(a) 5=0.097, pre-penetration; {b) S=0.15, penetration; (c) 5=0.184, vortex-breakdown;
(d) $=0.225, vortex breakdown; (e) $=0.276 vortex breakdown; (f) S=0.448 attachment.
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Fig. 2. Velocity prof' les at various sections for free annular swirling flow in the penetration regton
{Re=1160, $=0.12). (a). axial velocity profiles; (b) azimuthal velocity profiles.
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Fig. 3. Velocity prof"les at various sections for free annular swirling flow in the penetration
region (Re=1160. $=0.23). (a). axial velocity profiles; (b} azimuthal velocity profiles.
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