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Mechanism of the Vortex Pairing in a Parabolic Plane Jet

N. Sekishita” and H. Makita’
Toyohashi University of Technology

ABSTRACT

Three dimensional deformation and pairing process of vortex tubes were investigated in a two-dimensional
parabolic jet exhausted from a nozzle of 10mm X 400mm. Hot-wire measurement and multi-smokewire visualization
were compared. Vortex pairing occurred periodically around X/2A=7 when the bimodal excitation conducted at
ufu~1, $=0 deg, where u, and u, were fundamental and subharmonic components, respectively, and ¢ was the phase
deference between u, and u,. Vortex arrangement shifted into anti-symmetric one after the pairing. At ¢=120°, the
vortex pairing became to occur occasionally. When two vortices didn’t paired, the symmetric arrangement was kept
until far downstream. Rib structures elongated from the roll vortices were important role as the interaction between

the roll vortices.
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Fig.1 Experimental Setup.
Table 1 Excitation Condition.

u/ uy u,/ Uy u; /Uy o
1 1 1 0°
2 2 1
3 3 1
1/1 1 1 120°
1/2 1 2
1/3 1 3
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Fig. 2 Vortex arrangements for (a, b, ¢) u/ uy=1at $=0° and (d, ¢) u/ u/=1 at $=120".(a, b, d) Smokewire visualization,
(c, e) contour maps of <w > = 2h/U,, the lowest level: 5 X 10™*, the other levels: 1% 107 steps, solid line: positive value, doted line:
negative value, +: vortex center.
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Fig. 3 Vortex tubes for non-excited (a) and excited jets of (b) u/ u;/=1, ¢=
0° ,(©) uf u~=2, $=0° and (d)u/ u~=1, $=120°".
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Fig. 4 Rib structure in the bimodally excited jet
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Table 2 Streamwise and vertical scales of wavy structure.
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