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FIGURE 16. Variations of (a) mass entrainment and (b) entrainment rate with X.

than the level of the unexcited case) until x=D,  1:5 (perhaps because of rapid
inward motion on the minor-axis sides). For x=D, > 1:5, however, dE=dx° instead
increases sharply and peaks near x=Ds  4:5. At this location, dE=dx°is about 2.5
times that for the NPJ.

4. Concluding remarks

Turbulence control is feasible only in the presence of coherent structures, i.e. no
coherent structures, no control. The control methods may, in general, be classified
as: (@) active—requiring external energy (typically by excitation), and (b) passive—
requiring no external forcing. The latter can be achieved by initial condition and/or
geometry modification, or by self-excitation. In this study we have explored passive
control using geometry modifications, as well as via self-excitation in an elliptic pipe
jet with a collar.

The effect of the collar is to significantly change the vortex dynamics via the genera-
tion of the secondary, counter-rotating vortex, which in turn induces the tearing of the
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primary vortices. The leading part of the vortex moves toward the jet axis and under-
goes vortex reconnection, while the trailing part moves away from the jet axis; these
events, initiated by the secondary vortex, produce a significant increase in the jet spread
and mass entrainment, which could not be attained in circular or elliptic jets without
a collar. Our results suggest promising technological applications of the WPJ for en-
hancing near-field transport phenomena such as heat, mass, and momentum transfer.

For a rigorous study of the three-dimensional dynamics in such a jet, it is necessary
to have complete spatial information at successive phases of the jet evolution. No
existing numerical or experimental technique can provide this information at practical
Reynolds numbers. Currently, direct numerical simulations and holographic particle
velocimetry are limited to much lower Reynolds numbers and small flow regions.
Despite such limitations, we have demonstrated that careful flow visualization can
provide qualitative but significant information. Complementary use of flow visualiza-
tion and limited time- and phase-averaged hot-wire measurements have revealed the
essential vortex dynamics of the WPJ.

The authors are grateful to Sukesh Roy for helping in acquiring phase-averaged
data, and to Dhoorjaty Pradeep for a careful review of the manuscript. This work
was supported by Texas ARP Grant 003652-151.
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