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A LABORATORY EXPERIMENT ON THE EFFECT OF SURFACE
ROUGHNESS ON THE SMALL SCALE
ATMOSPHERIC VORTICES

By Nobutaka Monil, WANG Yunkuan and Yasushi MITSUTA

Synopsis
The effects of surface roughness on the characteristics of small scale atmospheric vortices
such as tornadoes are investigated based on a laboratory experiment. Diameter of the vortices,
which increases with the swirl ratio, was found to be larger for larger roughnesses. For large
swirl ratios, however, the differences are small. The height at which the maximum wind speed
appears varies from the layer very close to the surface to the higher levels as the surface rough-

ness increases. Radial distance at which the maximum velocity appears does not vary widely
with roughness.
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Fig. 1. Variation of the smoke filled vortex core diameter with the swirl ratio for three types
of surface roughness.

Photo.1 Photographs of the visualized vortices for three kinds of roughness, (a) the smooth-
est, (¢) the roughest and (b) in between.
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Fig. 2. Radial distribution of the horizon-

tal velocity over three roughnesses
for Re=4.1X10* and S=0. 23.
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Fig. 3. Horizontal velocity distribution in

the vertical plane for the same con-

ditions as in Fig.2. The contours
are drawn every 0.2 m/s.
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Fig.4. Distribution of the wind direction

in the vertical plane for the same
condition as before. The angle is
measured from the radial direction.

Contours are drawn every 10 de-
grees.
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