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Abstract The asymmetrical perturbation is an ordinary form of motion in vortices, such as the mesoscale deep convection cloud
area in a tropical storm, the dissymmetry of a tropical storm when it develops, the fact that the circulation center of a tropical
storm is often located at the edge of a thick/dense cloud system and so on. The researches on asymmetrical perturbations, espe-
cially on the development mechanism of perturbation, at present are also quite few. This article studies the asymmetric unstable
waves at the center of a circular vortex in the cylindrical coordinates,and the following results are obtained: (1) The baroclinic
instability appears more easily in the circular circulation of a vortex than it does in a straight basic flow. (2) The instability cau-
ses the energy conversion from the basic flow to the perturbation flow, and at the same time, the vortex becomes asymmetric.
The perturbation in the conversion process is one kind of internal gravity waves, whose propagation velocity is far smaller than
the angular velocity of the basic flow, such that some propagate reversely and slowly against the basic flow. (3) Under the usu-
al stability parameter condition, the growing perturbation mainly concentrates in upper troposphere, and its tilting angle is
large. When the stability parameter is very small, the perturbation may expand to the entire troposphere, and its tilting angle is
small. (4) The high-level anticyclone may also induce the unstable internal waves especially in the low level. The perturbation
develops quickly and propagates reversely and slowly against the basic flow, when the stability parameter is smaller
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Fig. 1

Relations of the growth rate and phase velocity of perturbations with (a) stability parameter(N*),

(b) phase velocity of basic flow(2). (c¢) vertical shear coefficient (1), and (d) tangential wave number ()

(solid line; growth rate; dashed line: phase velocity;Q,=10"° s 1)
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Fig. 2 Perturbation structure
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Fig. 3 Perturbation structure

(m=2,N?=0.1X10"*s 1, A=1,00=0.3X10"3 s 1; growth

I

ate=0. 044 X107 % s~ 1, phase velocity=—0. 086 X107 % s~ 1;
plotting convention as in Fig. 2;

a. Vertical velocity field, b. vorticity field)
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Fig.4 Perturbation structure when
vertical scale D, =4 km
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a. Vertical velocity field, b. vorticity field)
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Fig.5 Perturbation structure when the upper
troposphere is an anticyclone
(m=1,N2=0.8X10"*s"1,A=1,00=0.25X10 s '}
growth rate=0, 005X 10 %s~ !, phase velocity=0. 16 X
107 %s~1; plotting convention as in Fig. 2;

a. Vertical velocity field, b. vorticity field)
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