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Experimental Study on Circumferential Instability of Vortex Ring

Takashi NAITOH, Shinji IMAI, and Hideo YAMADA
Nagoya Institute of Technology

A vortex with fingers structure (named as fingers vortex) was for the first time found in a
flow in which a vortex ring at Re=2600impinged on a flat plate. The fingers vortex acceler-
ates to make the main and other induced vortices more wavy azimuthally and plays a crucial
role in the subsegent development of the flow field. The azimuthal period of the flow field
remained 27 /14 [rad] all that while. To clarify the origin of the periodicity, we examined
the vortex ring, travelling in free space, in detail spatially and temporally using smoke
visualization method. Then we happened to find that the number of waves called Widnall
instability decreases as the ring travells downstream. Moreover in the case of the vortex ring
impinging on the flat plate, the azimuthal period also increases as the distance between the
nozzle and the plate becomes longer, Since the result in impinging case has shown good

agreement with that in free space, it is concluded that the azimuthal periodicity appeared on

the interaction with a plate is caused by Widnall instability,
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Fig. 2 Structure of the fingers vortex at t=660ms
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Z =185cm, t =690ms

Z =185cm, t =T710ms

Z =18.5cm, ¢ =740ms

Fig. 3 The cross section of the fingers vortex

(front view)
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(a) ¢ = 450ms, z = 15.1lcm {d) ¢ = 1100ms, z = 53.5cm

(b} t = T750ms, z = 32.7cm () ¢ = 1200ms, z = 59.1cm

(¢} ¢ = 1000ms, z = 48.3cm (f} ¢ = 1300ms, z = 65.lcm

Fig. 4 Instability of the vortex ring travelling in a free space
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Fig. 5 Numberof waves vs. distance from nozzle
z [cm] for without plate and z2—45 [cm]
for with plate
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H=100cm, ¢t=570ms {d) H=400cm, ¢=1080ms

H=200cm, ¢=740ms (e) H=60.0cm, t=1300ms

H=300cm, t=910ms (f) H=750cm, t=1480ms

Fig. 6 Instability of vortex ring impinging on flat plate
H : distance between nozzle and flat plate
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