
360 Dombre, U .  Frisch, J .  M .  Greene, M .  He’non, A .  Mehr and A .  M .  Soward 

1 

0.75 

f_ 0.5 
2r 

0.25 

0 0.25 0.5 0.75 1 
X - 
2x 

FIGURE 3. The integrable case: projection of streamlines on (x, 2)-plane. 

The first and third equations form a separable system. By elimination of the time, 
this system is immediately integrated into 

Bs inx+Acosz= V ,  (2.22) 

where V is a constant. By further integration (see Appendix A) x(t) and z ( t )  can be 
expressed as elliptic integrals. Finally, since the integral (2.22) is identical with the 
right-hand side of (2.21 b ) ,  the y-motion is simply 

y = yo+ vt. (2.23) 

Our results show that the particular case C = 0 is separable and integrable. The 
streamlines in the (x, 2)-plane are represented on figure 3. The motion consists of a 
circulation along one of the curves of figure 3, accompanied by a uniform motion in 
y. The figure shows circulation in four ‘cells’ each of which in T3 is topologically a 
set of nested tori. In two of these, with an elliptical structure, the flow is along and 
around a central axis, the closed streamline at the centre. Such cells will be called 
‘vortices’. The other two cells (wavy lines joining x = 0 to x = 27c) are ‘shear layers ’. 
In the centre of the lower shear layer is a surface formed of streamlines that close 
after circulating once in the x-direction. Above and below this surface the flow has 
an additional component in the negative or positive y-direction. A winding number 
can be defined in the shear layer as the number of loops in the y-direction divided 
by the number of loops in the x-direction. This winding number varies continuously 
from - co to + co, and streamlines are closed wherever it is rational. 

2.5. The six principal vortices 
Numerical computations ($3) suggest that there exist regions of space where the flow 
is predominantly in one direction. Each of these regions has roughly the shape of a 


