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Abstract

In this paper we present the numerical results of the behavior of the horizontal vortex generated by
gjecting a liquid vertically upward from an orifice into the bulk fluid above the orifice. The numerical
calculation has been performed for the axi-symmetric Navier-Stokes equation. A simple flow-visualization
experiment was also conducted to qualitatively verify the numerical solutions. Three cases of the flow
configurations studied in this paper are; firstly, the vortex was generated without any background rotation,
secondly, the vortex was made under a full background rotation, and thirdly, the vortex was made during the
spin-up process such that only the region adjacent to the side wall was set into motion viewed in the inertial
frame of reference. It was shown that the swirl flow at the inlet boundary affects considerably the formation
and development of the vortex for the second case. In the third case, it was remarkable to see that the vortex
cannot penetrate into the region near to the side wall of the tank, because of the strong swirl flow and
corresponding high pressure gradient in the region.
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Fig. 2 Numerical result at various times for the stagnant
case with Re=594, e=w, h=2, ¢ =0,
t, =15, IxJ=121x61
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Fig. 4 Numerical result with the same parameter set as in
Fig. 2 but with a free-slip condition for the radial
velocity component at the free surface
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Fig. 5 Numerical result for the spin-up-flow case with
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Fig. 9 Distribution of the three velocity components at
the orifice for the case with the same parameter
set as in Fig. 7: squares; ¢t =2, deltas; t=4,
circles; t=6

- N W ;@ N
T T T

- N W am e N
T T T

R R S R S
T

- 8w a o o~
T

x of s SRR SR

Fig. 10 Numerical result for the case with the same
parameter set as in Fig. 7 but with no swirl at
the inlet orifice

23 nYze) AR 1109

g $EN7 Y2 9
& FAANE 39, 49 B2 U B4 B
29 4% g ast goo, BF W3
A9 Aol ATgNel 28 zhol ny2el
247 AFE AAE S AT AT 244
il

@ 4% AFERANY ZAzAL ARIW
2 Ule 3P PUE RAY + U= ARAE
q% zA02 e ol 4yABst T = 2
de 7, $39 zdoz 4ysd 4gaHe
473 e A%E Fo.

() 289 HHAN A=E £EAY 2 3
A G493} wsR 9 Aols] ZARe] Ega)
ARAE ezg AFol 3AGH A5t A
o FUSAY 1 olFE BT BAE AFL 2
o, 3 1 A Yol FARE AL vobA
2512 AW AN 2 RE Holg A4S
253t

= 7
o] =&& 2003 Lﬂz gt TGy A
o o3le] ATF= 2. (KRF-2003-041-D20080)

]
o

Srp=t

(1) Julien, K., Legg, S., McWilliams, J. and Werme, J.,
1999, “Plumes in Rotating Convection,” J. Fluid
Mech., Vol. 391, pp. 151~187.

(2) Bush, JW.M. and Woods, A.W., 1999, “Vortex
Generation by Line Plumes in a Rotating Stratified
Fluid,” J. Fluid Mech., Vol. 388, pp. 289~313.

(3) Shusser, M. and Gharib, M., 2000, “A Model for
Vortex Ring Formation in a Starting Buoyant Plume,”
J. Fluid Mech., Vol. 416, pp. 173~185.

(4) Kumagai, 1., 2002, “On the Anatomy of Mantle
Plumes: Effect of the Viscosity Ratio on Entrainment



1110

and Stirring,” Earth and Planetary Sci. Lett., Vol. 198,
pp- 211~224.

(5) Kopiev, V.F. and Chernyshev, S.A., 1997, “Vortex
Ring Eigen-Oscillations as a Source of Sound,” J.
Fluid Mech., Vol. 341, pp. 19~57.

(6) Shariff, K. and Leonard, A., 1992, “Vortex Rings,”
Annu. Rev. Fluid Mech., Vol. 24, pp. 235~279.

(7) Heeg, R.S. and Riley, N., 1997, “Simulations of
the Formation of an Axisymmetric Vortex Ring,” J.
Fluid Mech., Vol. 339, pp. 199~211.

(8) Wakelin, S.L. and Riley, N., 1997, “On the
Formation and Propagation of Vortex Rings and Pairs
of Vortex Rings,” J Fluid Mech., Vol. 332, pp.
121~139.

(9) Gharib, M., Rambod, E. and Shariff, K., 1998, “A
Universal Time Scale for Vortex Ring Formation,” J.
Fluid Mech., Vol. 360, pp. 121~140.

(10) Mohseni, K., Ran, H. and Colonius, T., 2001,
“Numerical Experiments on Vortex Ring Formation,”
J. Fluid Mech., Vol. 430, pp. 267~282.

(11) Nitsche, M., 2001, “Self-Similar Shedding of
Vortex Rings,” J. Fluid Mech., Vol. 435, pp. 397~407.

(12) Shusser, M., Gharib, M., Rosenfeld, M. and
Mohseni, K., 2002, “On the Effect of Pipe Boundary
Layer Growth on the Formation of a Laminar Vortex
Ring Generated by a Piston/Cylinder Arrangement,”
Theoret. Comput. Fluid Dyn., Vol. 15, pp. 303~316.

(13) Allen, J.J. and Auvity, B., 2002, “Interaction of a
Vortex Ring with a Piston Vortex”, J. Fluid Mech.,
Vol. 465, pp. 353~378.

(14) Cater, J.,, Soria, J. and Lim, T.T., 2004, “The
Interaction of the Piston Vortex with a Piston-
Generated Vortex Ring,” J. Fluid Mech., Vol. 499, pp.
327~343.

(15) Dazin, A., Dupont, P. and Stanislas, M., 2004,

AEd - 9F3

“Experimental Observation of the Straining Field
Responsible for the Vortex Ring Instability,” C. R.
Mecanique, Vol. 332, pp. 231~236.

(16) Mansfield, J.R., Knio, O.M. and Meneveau, C.,
1999, “Dynamic LES of Colliding Vortex Rings
Using a 3D Vortex Method,” J. Comput. Phys., Vol.
152, pp. 305~345.

(17) Naitho, T., Banno, O. and Yamada, H., 2001,
“Longitudinal Vortex Structure in the Flow Field
Produced by a Vortex Ring Impinging on a Flat
Plate,” Fluid Dyn. Res., Vol. 28, pp. 61~74.

(18) Liu, C.H., 2002, “Vortex Simulation of Unsteady
Shear Flow Induced by a Vortex Ring,” Computers &
Fluids, Vol. 31, pp. 183~207.

(19) Fleischer, A.S., Kramer, K. and Goldstein, R.J.,
2001, “Dynamics of the Vortex Structure of a Jet
Impinging on a Convex Surface,” Exp. Thermal
Fluid Sci., Vol. 24, pp. 169~175.

(20) Greenspan, H.P., 1968, The Theory of Rotating
Fluids, Cambridge Univ. Press.

(21) Eisenga, A.H., Verzicco, R. and Heijst, GJ.F.,
1998, “Dynamics of a Vortex Ring Moving
Perpendicularly to the Axis of a Rotating Fluid,” J
Fluid Mech., Vol. 354, pp. 69~100.

(22) Verzicco, R., Orlandi, P., Eisenga, A.H.M., Heijst,
G.J.F. and Carmnevale, GF., 1996, “Dynamics of a
Vortex Ring in a Rotating Fluid,” J. Fluid Mech., Vol.
317, pp. 215~239.

(23) Ferziger, J.H. and Peric, M., 1996, Computational
Methods for Fluid Dynamics, Springer.

(24) Suh, YX. and Yeo, C.H., 2004, “Movement of a
Horizontal Vortex Ring in a Circular Cylinder,”
Transactions B of the KSME (in Korean), Vol. 28, No.
8, pp. 652~658. ‘



