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AN INVESTIGATION INTO EFFECT OF RANDOMLY DISTRIBUTED SMALL
SCALE VORTICES ON VORTEX SELF-ORGANIZATION

Luo Zhexian Li Chunhu

Remote Sensing College , Nanjing University of Information Science and Technology, Nanjing 210044

Abstract

Previous studies concerning the interaction of dual vortices have been made generally in the determin-
istic framework. In this paper, by using an advection equation model, eight numerical experiments whose
integration times are 30 h are performed in order to analyze the interaction of dual vortices and the vortex
self-organization in a coexisting system of deterministic and stochastic components. The stochastic compo-
nents are introduced into the model by the way that the Iwayama scheme is used to produce the randomly
distributed small-scale vortices which are then added into the initial field. The different intensity of the
small-scale vortices is described by parameter K being 0.0, 0.4, 0.6, 0.8, and 1.0, respectively. When
there is no small-scale vortex (K=0.0), two initially separated meso-beta vortices rotate counterclockwise
mutually, and their quasi-final flow pattern is still two separated vortices; after initially incorporating
small-scale vortices (K=0.8, 1.0), the two separated meso-beta vortices of initially same intensity gradu-
ally evolve into a major and a secondary vortex in time integration. The major vortex pulls the secondary
one, which gradually evolves into the spiral band of the major vortex. The quasi-final flow pattern is a self-
organized vortex with typhoon-like circulation, and the relative vorticity at its center increases with in-
crease in K value, suggesting that small-scale vortices feed the self-organized vortex with vorticity. This
may be a possible mechanism responsible for changes in the strength of the self-organized vortex. Results
also show that the quasi-final pattern not only relates with the initial intensity of the small-scale vortices,
but also with their initial distribution. In addition, three experiments are also performed in the case of va-
rious boundary conditions. First, the periodic condition is used on the E-W boundary, but the fixed condi-
tion on the S-N boundary; second, the fixed condition is set on the all boundaries; and third, the periodic
condition is chosen on the all boundaries. Their quasi-final flow patterns in the three experiments are the
same each other, exhibiting a larger scale typhoon-like circulation. Based on these results mentioned, Au-
thors think that the transition of vortex self-organization study from the deterministic system to the coexis-
ting system of deterministic and stochastic components is worth exploring.

Key words: Self-organization of vortex, Interaction of vortices of different scales, Small-scale vorti-

ces, Meso-beta vortices.



