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Summary

Laboratory simulation of negatively buoyant emissions into the earth’s boundary layer
is a valuable predictive tool to describe the motions of potentially hazardous chemicals
such as propane, butane, chlorine, liquefied natural gas, freon, etc. In this paper are
discussed some of the simulation criteria, special instrumentation, and results of wind-
tunnel investigations of dense plume behavior. Such wind-tunnel data can be correlated
in a manner that yields an empirical prediction of vapor dispersion from full-scale
releases; nonetheless, certain facility and gas specific limitations must be recognized
when interpreting an experimental program.

1.0 Introduction

Release of a dense gas from short stacks or near the ground is accompanied
by initial descent and horizontal spreading caused by gravitational forces.
Buoyancy forces tend to suppress advection by wind shear and dispersion
by atmospheric turbulence. Such clouds will drift downwind from the
source location at ground level, providing an opportunity for ignition if
the gas is flammable or, perhaps, for acute toxic effects to life in its path.
The mixing of such plumes is still only partially understood despite a signif-
icant research effort over many years [1—3]. The relative influence of gravity
forces, viscous forces, entrainment at the plume front, entrainment at the
upper surface, and modification of the background turbulent field due to
stratification effects have been active subjects of discussion.

Dispersion in the atmospheric boundary layer can be simulated today in
meteorological wind tunnels with sufficient accuracy to permit realistic
scaling of dense gas escape hazards, pre-test planning for field experiments,
and a post-test opportunity to extend the value of limited field measure-
ments. Laboratory experiments permit a degree of control-of-safety,
meteorological, and site variables not often feasible or economic at full-scale.

This paper considers the results of experiments performed in wind tunnels
to examine the behavior of dense plumes during periods of gravity spread/air
entrainment dominance. The special features which characterize dense gas
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