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A WINGTIP PHENOMENA.

by
JOHH EL1 KEESEE

Submitted to the Lepartment of Aeronautics and Astronautics on
January 22, 1975, in partial fulfiliment of the requirements for the
degrec of Master of Science.

ABSTRACT

An experinental investication was conducted to study the vortex
gencrated by a highly swept, sherp leading edoe. The experiments were de-
signed to uncover the interacticn between a triangular planform wingtip
having a sharp leading edoce, and 2 rectancular wine with unswept, sharp
leading edges. The siructure of the leading edge vortex gemerated by the
swept leading edge wes studied by varying the span of the rectangular por-
tion of the wing. Tne flow over the rectanguiar porticn of the wing was
studied as it was modified by the existence of the leadino edge vortex.
The flow very near tne leading edoe was investigated, to determine the
applicability o boundary conditions used in current mathematical models.

The experiment was conducted in the five by seven foot, subsonic,
wind tunnel at the "lassachusetts Institute of Techmology. The trapezoidal
models differed only in the span of the rectangular center section, and
varied in aspect ratio frem 1.5 to 2.23. For comparison and study, the
rectangular center sections were tested with round, parabolic, and ogive
shaped fairings.

Forces on th> models were obtained from a five wire strain gauge
support system. The s.atic pressure distribution over the triancular wing-
tip and the three fairings was obtained for all of the configurations of
the model, and deternined tne location and strength of the vortices. The
flow field surrounding the traoezoidal wings was observed and photographed
by means of a hand nhelo smoke generator in the flow.

The results show that the magnitude of the pressure peak due to
the leading edge vortex on the trianguiar wingtip increased as the span
of the rectangular center section increased. The position of the vortex
relative to the leading edge remained essentially unchanged, indicating
that the position of the vortex is governed by the vorticity generated by
the leading edge, while the strenjth is determined by the lower surface



=

flow. The vortex was additionally influenced by the: chordwise pressure
gradient of the rectangular wing to induce vortex burst and complete
stall of the wing with no vortex phenomena, at an angle of attack where
lower aspect ratic wings would maintain attached flow. The vortex caused
a smooth, unseparated flow over a portion of the rectanocular center sec-
tion, while the rest of that section was enveloped in a separation bubble
from leading to trailing ede.

The pressures at the leading edge were not singular, as the
Kutta condition suggests, but the exact angle of the flow at the leading
edge could not be determined in this scale of analysis.

The rectangular wings showed less induced drag than is predicted
for elliptic lift distributions, because of their small aspect ratio. The
trapezoidal wings showed a greater drag, due to the increased loading
near tie wingtips. The rectangular wings with ogive and parabolicly
shaped fairings had less drag than the round fairing wings, because of
their separaticn at the extreme extent of the tip.

Thesis Supervisor: Eugene . Covert
Title: Professor of Aeronautics and
Astronautics
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FIGURE 45

C“FFICIEIT OF LIFT VS ANGLE OF ATTACK: THREE INCH RECTANGULAR WING
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FIGURE 46

COEFFICIENT OF LIFT VS ANGLE OF ATTACK: SIX INCH RECTANGULAR WING
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FIGURE 47 -«

COEFFICIENT OF LIFT VS ANGLE OF ATTACK:
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FIGURE 49

COEFFICIENT OF LIFT VS COFFFICTENT OF DRAG:
6 INCH KRECTANGULAR W1NG
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FIGURE 50

COEFFICIENT OF LIFT VS COEFFICIENT OF DRAG:
TWELVE INCH RECTANGULAR WING


















































