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1. I n t r o d u c t i o n 

R o s s b y vor t ices exc i ted near the base o f the solar convec t ion zone are very 

appeal ing o b j e c t s for interpretat ion o f a number o f solar p h e n o m e n a such as 

long- l ived large-scale magne t ic structures, the po leward drift o f the ax isym-

metr ic c o m p o n e n t s after the polar field reversal, and a pecul iar long- te rm 

behavior o f the nonax i symmet r i c c o m p o n e n t s ( T i k h o m o l o v and M o r d v i n o v 

1996) . 

R o s s b y vor t ices can appear due t o break d o w n o f the R o s s b y wave wi th 

large wavelength (poss ib ly o f the order o f the solar per imeter ) like o n the 

Ear th or due t o h y d r o d y n a m i c a l instabil i ty o f the zonal flow deve loped near 

the base o f the solar convec t ion zone . In any case the impor tan t issue that 

should b e addressed is the mechan ism capable t o force large-scale flows in the 

region under cons idera t ion . 

2 . T h e m o d e l 

It is supposed that mechan i sm which p u m p s large-scale flows opera tes in high 

lat i tudes, near 6 0 ° . In that region large-scale flows are in quas igeost rophic 

regime and s o m e simplifications can be involved. T o take into considerat ion 

the main specific condi t ions near the base o f the solar convec t ion zone a 2-

layer m o d e l is deve loped : upper one-third part is convect ive ly unstable, lower 

two-thirds part are convect ive ly stable. Upper and lower surfaces are nonde-

formable , impene t rab le , stress-free, and have constant temperatures . 

T h e main dis t inct ion o f the m o d e l suggested f rom the existing mode l s is 

that the loca t ion o f the interfacial surface dividing convect ive ly stable and 
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Figure 1. Stationary velocity field established after the initial slight large-scale disturbance 
of pressure field of stationary convection. 

unstable regions slightly varies in depth in accordance with the disturbance of 

pressure caused by the large-scale flows. 

3 . R e s u l t s 

2D numerical simulations for the model suggested show that stationary con-

vective pattern is in a rather weak equilibrium. Slight disturbance of pressure 

field by the Rossby wave or by zonal flow with shear in latitude disrupts this 

equilibrium and amplitude of the flow increases. Nonlinear effects lead to lim-

itation on the amplitude of the flows and stationary picture with disturbed 

interface is established. This picture for Rossby wave is shown in Fig. 1. Thick 

solid line indicate the location of the interface dividing convectively stable and 

unstable regions. 

The physical nature of the forcing of the Rossby wave or zonal flow is the 

appearance of the large-scale temperature distribution dependent on longitude 

and latitude. The instability mechanism is akin to the one appearing in a 

rotating single fluid layer heated from below with a deformable upper stress-

free surface (Tikhomolov 1994, 1996). So it can also be referred to as the 

deformational long-wave instability mechanism. 
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