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Three Dimensional Vortex Behavior of LEX Delta Wing
by Dynamic Stereo PIV

Hyun Lee, Mi-Young Kim, Jang-Woon Choi, Min—-Seon Choi and Young-Ho Lee

Abstract

Leading edge extension(LEX) in a highly swept shape applied to a delta wing features the modern
air-fighters. The LEX vortices generated upon the upper surface of the wing at high angle of attack
enhance the lift force of the delta wing by way of increased negative suction pressure over the
surfaces. The present 3-D stereo PIV includes the Identification of 2-D cross-correlation equation, stereo
matching of 2-D velocity vectors of two cameras, accurate calculation of 3-D velocity vectors by
homogeneous coordinate system, removal of error vectors by a statistical method followed by a
continuity equation criterion and so on. ‘

A delta wing model with or without LEX was immersed in a circulating water channel. Two high-
resolution, high-speed digital cameras(1280pixelx1024pixel) were used to allow the time-resolved
animation work. The present dynamic stereo PIV represents the complicated vortex behavior, especially,
in terms of time-dependent characteristics of the vortices at given measuring sections. Quantities such
as three velocity vector components, vorticity and other flow information can be easily visualized via
the 3D time-resolved post-processing to make the easy understanding of the LEX effect or vortex
emerging and collapse which are important phenomena occurring in the field of delta wing
aerodynamics.
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Fig.1 - Dimension of model(with LEX)

Fig.2 - Controllable angle adjustment mechanism
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Fig.3 - PIV arrangement
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Fig.4 - Calibration equipment
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{a) Symmetric vortex patterns

(b) Vorticity with vectors

(c) Spiral vortex formation with velocity vectors

Fig.5 - Sample picture from the 3-D animation
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(a) Distribution of vorticity(without LEX)

(b) Distribution of vorticity(with LEX)
Fig.6 - Comparison of Vorticity's distribution
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(b) Position of maximum vorticity (with LEX)

Fig.7 - Comparison of maximum vorticity position
with the passage of time
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