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Two-Dimensional Spin-Up in a Rectangle
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Abstract

Two-dimensional spin-up in a rectangular domain is analysed by the numerical computation of
the Navier-Stokes equations. The cells are in most cases generated by the vorticity developed
near the uper and lower surfaces. Moreover, the movement and interaction of those vortices play

a key role in establishing the quasi-steady state. The critical phenomena observed in the previous
experiment turns out to be caused by the critical movement of the vortices.
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Fig.1 Spin-up from rest of a circular cylinder
containing a fluid of low viscosity. Shown at
the top are distributions of the azimuthal
velocity component
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Fig. 2 Two-dimensional model for spin-up of a rec-
tangular cylinder, its axis being perpendicular
to the(x, y) plane. Coordinates (rotating) and
lengths are dimensionless except for those in
the brackets. Spin-up is given by an abrupt
counterclockwise rotation of the cylinder
about the central axis (marked as ‘X’) as
shown by arrows
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Table 1 Parameteric values for each computational cases, and the number of cells obtained

a Re JXK number of cells center-cell’s rotation
2.50 5000 51x51 3 clockwise
3.00 " 71x51 3 "

3.50 " 81 %51 3,5 "

4,00 10000 111 x 64 3,5 ]

4.50 5000 101 x51 5 ]

5.00 " 111x51 5 ”

5.50 " 126 x 51 7 "

6.00 " 141x51 7 counterclockwise
6.50 " 15151 9 clockwise
7.00 ” 161x51 9 ”

7.50 n 171x51 9 "

8.50 " 191 %51 9 "

9.00 " 201x51 9 n
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Fig. 3 Straeamlines for g=3.0. The solid lines corre-
spond to the clockwise rotation, and the bro-
ken ones correspond to the counterclockwise
rotation. All streamlines are plotted with a 0.
01 increment of stream function
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Fig. 4 Streamlines(left) and vorticity contours(right)
for @=5.0. In the streamline plots, the solid
lines denote the clockwise rotation, while the
broken ones denote the counterclockwise rota-
tion. In the vorticity contour plots, solid lines
have positive vorticity, and the broken ones
have negative vorticity. All streamlines are
plotted with a 0.01 increment of stream func-
tion. All vorticity contours are with a 0.4

~ increment of vorticity(the lines of ‘0’ vorticity
are not drawn). Specially, note that the+vor-
tex developed near the bottom wall moves to
and is absorbed by the central+vortex as
shown by arrows
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Fig. 5 Streamlines and vorticity contours for a=5.5.
Same as legend of Fig. 4 for all the others.
Contrary to Fig. 4, the+ vortex developed near
the bottom wall now splits the central + vortex
and absorbs one part



Streamlines and vorticity contours for @=6.0.
Final four plots(two for streamlines and two
for vorticity contours) are with increments 0.
005(stream function) and 0.2(voricity). Same as
legend of Fig. 4 for all the others
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Fig. 7 Generation of cells for ¢=3.0 with vorticity
—1 in the middle region(13.6% of the total
width g) and +1 in the rest. The broken
lines in the streamline plots at /=0 and 5
denote the stream function 0. 002 and 0.005
respectively. Same as legend of Fig. 4 for all
the others

Generation of cells for ¢=3.0 with vorticity
—1 in the middle region(16.4% of the total
width g) and +1 in the rest. Same as legend
of Fig. 4 for all the others
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