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ABSTRACT

Wing design is a very complicated and intricate issue. It is not feasible to cover everything in this chapter;
however, it is possible to discuss some of the essential ideas that underpin design for high lift and low
drag. Lift may be increased in four ways for fixed air characteristics and free-stream speed: increased
wing area, increased angle of attack, increased camber, increased circulation through the use of high-
momentum fluid. One of the most important applications of potential flow theory was the study of lifting
surfaces such as aircraft wings, since the boundary conditions on a complex geometry can significantly
complicate any attempt to tackle the problem via analytical techniques, which involves some simplifica-
tion assumptions in order to arrive at a solution. These assumptions will be related to the concept of
three-dimensional thin wing issues in this chapter.
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Finite Wing Theory

1 INTRODUCTION

Wing design is a very complicated and intricate issue. It is not feasible to cover everything in this
article, however, it is possible to discuss some of the essential ideas that underpin design for high lift
and low drag. The lift may be increased in four ways for fixed air characteristics and free-stream speed:
Increased wing area, Increased angle of attack, Increased camber, Increased circulation through the
use of high-momentum fluid. One of the most important applications of potential flow theory was the
study of lifting surfaces such as aircraft wings since the boundary conditions on a complex geometry
can significantly complicate any attempt to tackle the problem via analytical techniques, which involves
some simplification assumptions in order to arrive at a solution. These assumptions will be related to
the concept of three-dimensional thin wing issues in this chapter.

2 LIFT AND DRAG ESTIMATION IN A FINITE WING

We know an aeroplane is in the air because of the lift created by its wings as a result of higher pressure
on the lower (bottom) surface and lower pressure on the suction (top) surface. The lift is produced by
the pressure differential between the lower and higher surfaces. It also causes the flow to curve around
at the wingtips as it is driven from the pressure surface to the suction surface. As a result, there will be
a spanwise component of flow from the wingtip to the wing root, causing the streamlines on the upper
surface to bend toward the wing root, as seen in Figure 1. Similarly, the spanwise component of flow on
the bottom surface will be in the direction of the wing root to the wingtip. As a result, it is clear that the
flow across the wings is three-dimensional, and their aerodynamic characteristics differ significantly
from those of their airfoil sections (Figure 2).

Figure 1. Front and top views of a three-dimensional wing’s flow pattern

(&) Reduced upper pressure
E

Wing—tip ,/.,'-———vf“*"’f T o s = 77_‘:\, I —vpP
vortex "\‘ -
Increased lower pressure
Freestream ( Us )
Upper surface

(b) [

‘ )
e \ Q‘ -

Flow—slip at C N Wing

the Wing—tip —— 7\‘ \»

Lower surface

streamlines

;7\. Flow—slip at

" the Wing—tip

streamlines

89



39 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/finite-wing-theory/307322

Related Content

Japan’s Next Generation Space Vision: Interview with Project Manager of the HAYABUSA
Mission Junichiro Kawaguchi

Todome Kazuhide (2012). International Journal of Space Technology Management and Innovation (pp. 75-
79).

www.irma-international.org/article/japan-next-generation-space-vision/75308

The BABEL Tower: A Super-Tall Structure with a Sub-Orbital Elevator
André Caminoa (2013). International Journal of Space Technology Management and Innovation (pp. 38-
54).

www.irma-international.org/article/the-babel-tower/85344

Correction of the Temperature Component of Error of Piezoelectric Acceleration Sensor

Anatoly Perederko (2020). Handbook of Research on Artificial Intelligence Applications in the Aviation and
Aerospace Industries (pp. 263-278).
www.irma-international.org/chapter/correction-of-the-temperature-component-of-error-of-piezoelectric-acceleration-
sensor/242681

Investigating Public Acceptance on Public Oriented Human Space Commercialization
Alex Monchak, Ki-Young Jeongand James Helm (2013). International Journal of Space Technology
Management and Innovation (pp. 1-19).

www.irma-international.org/article/investigating-public-acceptance-on-public-oriented-human-space-

commercialization/85342

Research of the Reliability of the Electrical Supply System of Airports and Aerodromes Using
Neural Networks

Serhii Mykolaiovych Boiko, Yurii Shmelev, Viktoriia Chornaand Marina Nozhnova (2020). Handbook of
Research on Atrtificial Intelligence Applications in the Aviation and Aerospace Industries (pp. 279-305).

www.irma-international.org/chapter/research-of-the-reliability-of-the-electrical-supply-system-of-airports-and-

aerodromes-using-neural-networks/242682



http://www.igi-global.com/chapter/finite-wing-theory/307322
http://www.irma-international.org/article/japan-next-generation-space-vision/75308
http://www.irma-international.org/article/the-babel-tower/85344
http://www.irma-international.org/chapter/correction-of-the-temperature-component-of-error-of-piezoelectric-acceleration-sensor/242681
http://www.irma-international.org/chapter/correction-of-the-temperature-component-of-error-of-piezoelectric-acceleration-sensor/242681
http://www.irma-international.org/article/investigating-public-acceptance-on-public-oriented-human-space-commercialization/85342
http://www.irma-international.org/article/investigating-public-acceptance-on-public-oriented-human-space-commercialization/85342
http://www.irma-international.org/chapter/research-of-the-reliability-of-the-electrical-supply-system-of-airports-and-aerodromes-using-neural-networks/242682
http://www.irma-international.org/chapter/research-of-the-reliability-of-the-electrical-supply-system-of-airports-and-aerodromes-using-neural-networks/242682

