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Mutual Interaction of a Pair of Vortex Rings
(Study on Some Fundamental Flow Problems)

Hideo YAMADA and Yasushi NAKAJIMA

(Received August 25, 1987)

Some fundamental problems on mutual slip-through of a pair of vortex rings have been studied by both
numerical simulations and flow visualizations. The main results obtained are summarized as follows. (1) Flow
patterns based on potential flow theory were found to show good agreement with those of flow visualizations.
(2) Numerical analysis were carried out on dynamical aspects of vortex system such as velocity, acceleration,
impulse, and kinetic energy. (3) Viscous effects of vortex cores during the interaction were discussed, and it was
conjectured that water has greater advantage than air in achieving good conscecutive mutual slip-through

motions experimentally.
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Fig. 2 Velocity vectors of the flowfield due to the
interaction of a pair of vortex rings, (a) flow
visualization due to white powders, (b)
numerical simulation.

ETRFHICETIHEUEHES BTV B, TR
BiE> s = v—vav, Figl), LicksiFa@o@*
45 LR, 2H0LSL BAS, PLESTOWHBRO
FRFRELULCE Y, Bror— 7Rl EFmo0nTid,
FoREI L {BEhTwa,

2.2 {fiES7 A

HE~2 P ADGHOETEARILT B DI, S8
RRRBEROR TR, AV 71 2A0AHIHE BT
SEA L cEABYEEI TR E, £~ HoRE
#0.16s MBCTREESE, —oDBRATETAE S
HT1/158 O+ v &2 —AK— FTHRASBYEE LT,
Fig. 2(a), = oRBRIE, TR0 EREE TIZA L, UHE6)
TRENB LI ALY —IRBEAHCTiTo7, AV
7 4 ZAONEIZ 4 cm(BROBEEIT, Z0BEEH 5 om),
1fEOBROLZLHENFCFETLLEELLE L 20l

Fig. 1 Pathlines of the flowfield due to the interac- BOSHEEE L, Bl5om/s ThHH, E-7T, D/H=2,
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to white powders, (b) numerical simulation. BT, —o0BBARIETA LT e 21 B
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Fig. 3 Intergrated streaklines of the flowfield due
to the interaction of a pair of vortex rings, (a)
flow wvisualization due to smoke wire
method, (b) numerical simulation (pattern
due to marker particles).
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Fig. 4 Trajectories of the flowfield due to a pair of
vortex rings, which is based on inviscid the-

ory.
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Fig. 5 Variation of velocity of the flowfield due to
the interaction of a pair of vortex rings ;
traveling direction, z, and radial direction, X.
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Fig. 6 Variation of acceleration of the flowfield due
to a pair of vortex rings, (a) traveling direc-
tion, (b) radial direction.
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Fig. 7 Impulse of a pair of vortex rings.
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Fig. 8 Kinetic energy of a pair of vortex rings.
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Fig. 9 Viscous effects on the core diameter and
trajectory of a pair of vortex rings, (a) v=0.
0lcm?/s (water), (b) v=0.15¢m?/s (air).
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Fig.10 An experimental trajectories due to a pair of
vortex rings performed in water.
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Fig.11 Cylindrical coordinates and its related nota-
tions.
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