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DUST DEVILS AND OTHER SMALL WHIRLWINDS

By J.A. Businger

Professor Businger of the Department of Atmospheric Sciences, University of
Washington, Seattle, enunciated the conditions favourable for the formation of dust devils as
strong heating from below, light to moderate winds and a dry dusty surface. Under these
conditions turbulence is generated both by wind shear and buoyancy. It seems surprising that
when the lowest layers of the atmosphere are most chaotic and turbulent, that such a remarkably
stable structure as a dust devil does develop. The precise mechanism of these whirlwinds is
still largely unknown.

Some specific observations have been made. concerning the sense of rotation, size,
duration and frequency of occurrence. Although there is still some controversyabout whether or
not cyclonic rotation is more frequent than anticyclonic rotation, there is no doubt that both
senses of rotation do occur. A large number of dust devils, observed in Arizona, seem to
indicate that each sense of rotation is about equally frequent. The visible diameter of a dust
devil may vary from 50 cm to 50 m, the height may extend from a few metres to several
thousand metres, and its duration may vary from a few seconds to one or two hours. Over
water, when extremely cold air blows over relatively warm water, phenomena similar to dust
devils may be observed, which could be called steam or fog devils and which seem to possess
altogether similar characteristics.

Good observations of wind, temperature and pressure distribution are very difficult
to obtain and consequently scarce. The horizontal tangential wind of a well developed whirl
may be 20 m sec-l with a corresponding pressure drop of 3 mb in the centre. The vertical
velocity appears to have a maximum near the maximum of tangential velocity. The strongest
updraft therefore forms a cylindrical surface. In the centre of this cylinder, e.g. the centre
of the vortex, the updraft is very weak and often even a downdraft may be observed.

Besides a general description of available observations, some theoretical efforts to
understand the phenomenon were mentioned. Although a good theoretical description of a
uniform steady state and also of a uniform decaying vortex may be given assuming a simple
convergence pattern, there still remain two major problem areas to be solved.

{a) What is the structure of the interaction of the vortex with the surface ?
How does the vortex maintain its vorticity?, and

(b) What is the stability of the vortex flow?

It is apparent that near the centre the flow is rather stable and perturbations seem to damp but
there must be a radius beyond which the flow becomes unstable and turbulence sets in.

The importance of the study of dust devils may be limited but it is felt that a good
understanding of the phenomenon may be a considerable help to a better understanding of more
spectacular phenomena like the tornado, the hurricane,or even to some aspects of the origins
of the solar system.






