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The trailing vortex is a physical phenomenon that has maintained a
persistent level of interest in many communities, from both a scientific
and an engineering standpoint, since the 1950s. Specifically, the problem
of vortex merger is of interest to a wide fluid mechanics audience. A
counter-rotating vortex system is present in the wake of any finite lifting
wing. This vortex system poses a safety problem in air transport which
manifests itself directly as aircraft-vortex encounters with a wide range
of consequences, and indirectly as one of the primary factors in
scheduling take-offs and landings at airports. The current approach to
this problem consists of attempts to avoid the wake vortices in air
operations which is becoming increasingly difficult. An alternative
approach is either eliminating the vortex wake completely or mitigating
the danger posed by it. Both of these require an understanding of the
basic dynamics of the wake vortex system, which is currently lacking .

Current experience in vortex interactions is almost exclusively based
on two-dimensional arguments and limited to restricted experiments.
The formation of the vortex wake behind a finite wing has received
specific attention. The process was first conceptually proposed by
Lanchester at the turn of the century. The basic theory of vortex wake
formation was not well codified until the 1950's , however, and not until
the 1970's did trailing vortex stability and breakdown begin to receive
adequate treatment. At this stage, theory was well ahead of both
numerical and experimental investigation, as witnessed by the
research at the time. Twenty years later, the latter elements have
begun to reach the level of reliability and sophistication of the former.
On the numerical side, two-dimensional simulations have been the
norm due to their reduced computing costs. The obvious concern
arises whether these results can be extrapolated to three dimensions.
This question is slowly fading as simulations become more and more
robust and are able to handle more complex geometry. Still, the
accurate simulation of a full-scale aircraft wake at the required
Reynolds numbers is distant at best. Current simulations are essential
in examining the importance of three-dimensional effects on single or
multiple periodic vortex systems, though, such as short-wave or
long-wave instabilities. On the experimental side, the advent of
non-intrusive field techniques has greatly improved the quality of
data. The main benefit is the ability to examine the instantaneous (i.e.,
unsteady) behavior of a vortex system. In addition, traditional
laboratory and field-test techniques continue to make contributions.

Surface isocontours of
vorticity show the details
of the merger between a
flap and tip vortex. These
data were taken in a tow
tank using digital particle
image velociemtry.
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Vortex interaction in a soap film used
to investigate 2-D vortex behavior.

Vortex wakes from
large aircraft are
extremely powerful
and hazardous to
small aircraft, as
shown here.

Wind tunnel measurements are used in conjuction
with tow tank and soap film measurements to
determine the differences between wake vortices
and other types of vortex structures. Details of
vortex wake formation and eventual merger between
tip and flap vortices are shown here.


