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Effect of the Nozzle-Wall Boundary Layer on Formation
of Vortex Ring Induced by a Pulsating Jet Flow

Fujio AKAGI**, Yuuki OKUZONO***, Youichi ANDO**, Masato FURUKAWA™****
and Sumio YAMAGUCHI**

The effect of pulsating flow rate conditions on the formation process of vortex ring induced by pulsating jet
flow is investigated by Large eddy simulation (LES) analysis and PIV measurement. The waveform, including not
only discharge period but also suction period, of a flow rate is performed by cosine curves under the conditions of
amplitude Reynolds’ numbers Re, of 500 ~ 3500 and Womersley numbers « of 8.6 ~ 34.5. The result indicates
that the area with negative vorticity value, which is formed by separated wall boundary layer in the nozzle during
the suction period, is transported toward the nozzle exhaust during discharge flow period. The circulation of
this negative vorticity area effects on the formation process of vortex core region at the nozzle exit plane. This
circulation is influenced by the pulsating conditions of flow rate. Further the axisymmetry behavior of this
negative vorticity area and the circulation of vortex core region in the period of vortex ring forming are influenced
by the pulsating conditions. If the flow field in the negative vorticity area has maintained axisymmetrically,
The

circulation, core size and diameter of vortex ring, in that case, are determined in the relation with the circulation

the axisymmetric vortex ring is formed and has propagated toward downstream stably for several cycles.

of negative vorticity area and the circulation of vortex core region in the period of vortex ring forming. On the
other hand, if the axisymmetry behavior of negative vorticity area has broken, vortex ring is finally unformed.
The transition condition between these two distinct stages, axisymmetry or non- axisymmetry, is observed in the

relation with the non-dementional circulation and the non-dementional acceleration.
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Fig. 1 3D-view of instantaneous vortical structures of
steady jet flow simulated by DNS®
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Table 1 Test conditions of pulsating jet flow
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Fig. 7 Influence of the calculation cycle in numerical simulation conditions on a formation process of vortex core region
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Fig. 11 Contours for vorticity under the case of a =12.2 and Rey = 1250
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