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Aerodynamic Analysis of Various Winglets

Yung-Gyo Lee*, Cheolwan Kim**, Jae-Yeul Shim***

Abstract

Aircraft fuel efficiency is one of main concerns to aircraft manufacturers and to aviation
companies because jet fuel price has tripled in last ten years. One of simple and effective
methods to increase fuel efficiency is to reduce aircraft induced drag by using of wingtip
devices. Induced drag is closely related to the circulation distribution, which produces strong
wingtip vortex behind the tip of a finite wing, Wingtip devices including winglets can be
successfully applied to reduce induced drag by wingtip vortex mitigation. Winglet design,
however, is very complicated process and has to consider many parameters including
installation position, height, taper ratio, sweepback, airfoil, toe-out angle and cant angle of
winglets. In current research, different shapes of winglets are compared in the view of
vortex mitigation. Appropriately designed winglets are proved to mitigate wingtip vortex
and to increase lift to drag ratio. Also, the results show that winglets are more efficient
than wingtip extension. That is the reason B-747-400 and B-737-800 chose winglets instead of
a span increase to increase payload and range. Drag polar comparison chart is presented to
show that minimum drag is increased by viscous drag of winglet, but at high lift, total
drag is reduced by induced drag decrease. So, winglets are more efficient for aircraft that
cruises at a high lift condition, which generates very strong wingtip vortex.
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Angle of Attack (Deg.)

a3 6. Bending Moment (M=0.4)
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a3 7. Wing Tip Vorticity (M=0.4, a=4°)

5. 28 # &% H

dutAel g AA Ade HEsd &
vkt 049 ¢ A FHASF 038 7HA
SFAEZY FAE ZdYF A

o
_E
=
=
Ol
i

3e
A

oo o -

o S o% (i dlo rir ot

FFolle e Al aTEHe dd9
Toe-out 247 WEZ Tof did WZT EAE
Fotel Awol BE A dg A7E A&
Hog YT AolH, ol uet Y F7]
g8t Hgo #ud T2 FF A 2 FHA
el E84e] v F4E 2oz 7ide

. Whitcomb, R. T., "A Design Approach and

Selected Wind-Tunnel Results at High
Subsonic Speeds for Wing-Tip Mounted
Winglets," NASA TN D-8260, July 1976.

. Flechner, S. G.; Jacobs, P. F, "Experimental

Results of Winglets on First, Second, and
Third Generation Jet Transports ," NASA
™ 72674, May 1978.

. Holmes, B. ], Vandam, C. P,; Brown, P. W,

Deal, P. L., "Flight Evaluation of the Effect
of Winglets on Performance and Handling
Qualities of a Single-engine GA," NASA TM
81892, December 1980.

. http:/ /www .boeing.com/ commercial / aeroma

gazine/aero_17/winglet_story.html

. Heyson, H. H., Riebe, G. D. and Fulton, C.

L., "Theoretical ParamWinglets and Wingtip
Extensions,” NASA TM X-74003, January
1977.

. Norm Conley, "Winglet Toe-out Angle

Optimization for the Gates Learjet Longhorn
Wing," Vol. 17, No. 12, Dec. 1980.

Korea Aerospace Research Instiute - 29



