




Abstract 

Low speed wind tunnel measurements have been made on a 1.15m span 60" 
delta wing with rounded leading-edge vortex flaps. The purpose of the 
measurements was to assess the benefits of the rounded leading-edge vortex 
flaps on the liWdrag ratio. The force and surface pressure measurements 
were made at a Reynolds number based on the centreline chord of 2x106. 
The increase in the radius of the rounded leadmg-edge reduces the drag 
significantly both with and without flap deflection except in the minimum 
drag region. Deflecting the rounded leading-edge vortex flap improves the 
liftldrag ratio compared with the sharp edged vortex flap at relatively higher 
lift coefficients. The greatest percentage improvement in the liftldrag ratio 
compared with the sharp edged flat delta wing is more than 50% at a lift 
coefficient of 0.5 for the rounded edge delta wing with flap deflected. 

Nomenclature 

local span, m 
drag coefficient 
lift coefficient 
pitching moment coefficient non-hensionalised using Cr and 
measured about d C ~ 0 . 4  
pressure coefficient 
wing centre-line chord, rn 
rounded leading-edge diameter, m 
lift/drag ratio 
fiee stream velocity, m/s 
chordwise coordinate measured from the apex of the delta wing, m 
spanwise coordinate orthogonal to x, measured fiom the wing 
centre-line, m 
wing angle of attack, degrees 
vortex flap deflection angle measured normal to the lunge line for 
original wing without leading-edge moddication, degrees 
corrected vortex flap deflection angle for the wing with leading-edge 
modification, degrees 
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Notations 

SLE Sharp Leadmg-edge 
R05 Rounded Leading-edge D=0.005m 
R15 Rounded Leading-edge D=O .O 1 5m 
R30 Rounded Leading-edge D=0.03m 
/n 6f= n (n=O" - 60") 
/45 um=45m/s 
R45 U,=45m/s with roughness 

1. Introduction 

A leading-edge vortex flap (LEVF) is a device that improves the low speed 
aerodynamic characteristics of a delta wing'). A pair of leading-edge 
separation vortices formed over the sharp edged delta wing produce an 
upward suction force that increases the drag component and consequently 
decreases the liWdrag ratio (Fig. la). The LEVF is a leading-edge deflectable 
surface. When the LEVF is deflected downward, a leading-edge separation 
vortex is formed over the forward facing surface. The suction force produced 
by h s  vortex is expected to reduce the drag component and to increase the 
liWdrag ratio that plays a major role in improving the take-off and climb 
performance of delta wing aircraft (Fig. lb). Many tests have confirmed the 
benefit of the LEVF24). The present author also conducted research on the 
LEVF? 

Another way to improve delta wing performance is to use a rounded leading- 
edge. A large fi-action of the leading-edge suction force will act on the 
rounded leadmg-edge and so reduce the drag component of the delta wing 
(Fig.lc). Numerous tests have been done to investigate the effect of the 
rounded leading-edge7'"). These confirmed the benefit of the rounded 
leading-edge but revealed the dominance of Reynolds n u b e r  effect on the 
rounded edged wing performance. 

These studes on the rounded leadmg-edge delta wings led to the idea that 
the combination of the LEVF and the rounded leading-edge might improve 
the LEVF characteristics much fwther. By deflecting the rounded leading- 
edge LEVF, suction forces caused both by the leading-edge separation 
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