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Abstract

Abstract

Aircraft wake vortex is an inherent phenomenon connecting with the lift-
generating mechanism. It exhibits in the form of tri-dimensional vortex generated by
limited wings at the wing tip. It would introduce great hazard to following flight and
threaten to the flight safety. In order to ensure the aircraft safety at the airport terminal,
especially during taking off, approaching and landing, a separation distance between
consecutive aircrafts is proposed by the International Civil Aviation Organization
(ICAO) to prevent the following aircraft from dangerous encounter into the wake
turbulence. According to the separation regulation, the consecutive aircraft must
maintain a safe distance during taking off and landing, which means sufficient time
interval between consecutive aircrafts. Yet this would result in jammed terminals and
limit the airport capability. In order to improve aircraft security, it is necessary to
control the aircraft wake vortex and make them to alleviate earlier. According to
former researches, there are many ways to control the wake vortex, the concept by
introducing a disturbance to propose the instability of wing-tip vortex is considered to
be very effective in alleviating the wake vortex. The Rayleigh-Ludwig instability is
one of the most effective means to initiate pre-matured break down of wake vortex
applicable to the aircraft.

In the present paper, a simplified rectangular wing is designed to generate a pair
of main wing vortices. With the help of specially designed flaps, a pair of vortices was
introduced, which have different strength and opposite sign with the main wing
vortices. By adjusting the parameters of bi/b, and I'j/I'; between two vortices by
changing the size and shape of flaps, the most promisiable parameter combinations
were studied carefully. The experiment was carried out in the Water-Towing-Tank
(FMPL) of Xiamen University. With the help of flow visualization, the formation and
evolution of single vortex is revealed, as well as the interaction process of double
vortices. By using the 2-D PIV system, the single vortex characteristics and that of

dual-vortices instability are systematically studied. The PIV data are analyzed to
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Abstract

obtain the flow field information of single vortex, and characteristics of circulation
with respect to the wing span.

The result shows that the single vortex strength is very strong and could last for a
long time if there is no disturbance introduced. The interaction process of double
vortices is analyzed to study the motion characteristics of the double vortex while
there is a favorable disturbance introduced by the tailored flaps. The results illustrate
that the strength of the main wing vortex could be alleviated by 35%-45% for the
most favorable parameter combinations. As a result, the Rayleigh-Ludwig instability
could be triggered by favorable tailored flaps, and a pre-matured break down of main
wing vortex is initialized. There exist a range of parameter combinations (b;/b, and
I')/T,), for which the Rayleigh-Ludwig instability is triggered most effectively. A data
base for proposing the applicable flap designs for new concept wings with low wake

strength is established.

Keywords : Aircraft wake vortex; Flow-visualization; PIV flow measurement;

Rayleigh-Ludwig instability; Circulation
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