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Numerical study on physical mechanism of vortex breakdown occurrence

In spin-up process

/N R D)
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Abstract : A Numerical study presented on a vortex breakdown in spin-up process in an enclosed cylindrical

container. In a transitional state, momentary vortex breakdowns can occur for particular parameter values of

the Reynolds number and aspect ratio where no vortex breakdown appears in a steady state. This transient

vortex breakdown flow is convenient to consider a mechanism for the occurrence of a vortex breakdown. It is

discussed that periodical increase and decrease of angular momentum in upstream of the flow leads to the

occurrence of momentary vortex breakdown. Regions for momentary vortex breakdown in spin-up

occurrence are shown in the Re-H/R plane for comparison with regions for steady vortex breakdown

occurrence. The character of the regions for momentary vortex breakdown where no upper limit of Reynolds

number exists is found to be very different from that of the regions for steady vortex breakdown.
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Fig. 1 Transient vortex breakdown flow in spin-up process and

no vortex breakdown flow in steady state for H/R =1.70
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Fig.2 Regions for momentary vortex breakdown occurrence in
the Re-H/R plane comparing with regions for steady vortex

breakdown occurrence by Escudier ¥
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Fig.3 Height of a stagnation point h in spin-up process for

Re=1190 - 2500 with H/R=1.70
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Fig. 4 Azimuthal vorticity 7 along a stream line ¥=0.00001
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Fig. 5 Height of stagnation point h (above) and angular
momentum rv on the stream line ¥'=0.0001 at the throat of core

flow (below)
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