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FIGURE 25. Front position x; and mass m, of suspended particles (normalized with the initial
mass m ) as function of time for Gr=>5 x 10® and u; =0.02. Comparison of results obtained
from simulations with different initial turbulence levels. Solid line, same flow as in figure 2
(ko =0); dashed line, ko =0.125E,; dot-dashed line, ko =0.25E . (Simulations with ko> 0
were conducted until z =30 only).
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FIGURE 26. Time history of kinetic energy k, potential energy E, and the dissipation com-
ponents E; and E,, respectively (see (4.4), (4.5), (4.14), (4.15)) for Gr—5 x 10% and u, =0.02.
Results normahzed with the initial potential energy E . Solid lines, same flow as in figure 2
(ko = 0); dashed lines, ko =0.125E ,o; dot-dashed lines, ko =0.25E .
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7. Summary

We have discussed results from a high-resolution computational study of particle-
driven gravity currents developing either from a lock-exchange configuration or from
a deeply submerged pool of suspension. The primary objective of the work was to
analyse flow features that could not be studied in previous experimental or theoretical
work. We have put special emphasis on the energy budget of the flow, showing how the
conversion of potential energy into fluid motion and dissipative losses proceeds with
time. Concerning the latter, we emphasized that in a particle-driven flow dissipation
has two distinct components: one being due to gradients in the macroscopic convective
velocity field, the other being caused by the microscopic Stokesian flow around each
particle. The computational results suggest that, in a particulate front, both contribute
about equally to the overall loss of mechanical energy. However, further simulations
for a wider range of flow parameters may be required to clarify fully the generality
of this finding.

Another flow feature addressed in detail is the mixing between ambient fluid and
interstitial fluid. Both are assumed of equal density here, meaning that no stratification
remains in the flow domain when all of the particles initially suspended have settled
out. It was shown that after the propagation of the front has ceased, an enhanced
mixing sets in that gradually spreads the interstitial fluid over the full channel
height. How uniformly the interstitial fluid is eventually distributed depends, among
other things, on the settling speed of the particles. The mixing is driven by large-
scale vortices that persist after the particulate front has disappeared. For the deeply
submerged flow, we observed that the vortices continually grow in diameter, tending
to become two-dimensional. The influence that the width of the flow domain may
have on this trend towards two-dimensionality is an aspect that deserves further
analysis; however, computationally this issue can only be tackled at the expense of
further greatly increased numerical effort.

E. M. gratefully acknowledges support of this research through NASA’s Micro-
gravity Program.
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