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Responsibilties

ÅExternal configuration of airfoil, wing geometry, and 

fuselage for cruise, take-off and landing configurationsð

to configuration.

ÅComponent and total system lift-and-drag coefficient 

relationshipsðdrag polar.
ÅDevelop model for lift & drag for cruise, turns, take-off 

and landingðto performance.

ÅEstimate spanwise loads on wingsðto structures.

ÅWing lift and moment coefficientsðto stability and 

control.
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Presentation Outline

ÅWings
ïGeometry definitions/nomenclature

ïWing sweep and twist

ï3-D effects on lift-curve slope 

ïInduced drag

ïEstimating CL,max

ÅAerodynamic drag
ïDefinitions

ïDrag build-ups

ïñReference areaò method
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Geometry and Nomenclature
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Wing Sweep and Twist

ÅSweep

ïLeading-edge for 

supersonic flight

ïQuarter-chord for subsonic 

flight

ÅGeometric Twist

ïChange in angle of 

incidence from root to tip of 

wing (called ñwashoutò 

when angle is less at tip)

ïEnsures wing tip is last part 

of wing to stall
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Wing Effects
Å The 3-D geometry of a wing 

induces a 3-D flowfield, driven 
by the difference in pressure 
between the upper and lower 
surface.

Å Some effects of this 3-D 
flowfield are:

ïReduction in lift-curve 
slope.

ïReduction in Cl,max.

ïGeneration of induced 
drag.

ïNon-uniform distribution of 
lift along the span.

ïDownwash and induced 
angle of attack.
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The Elliptical Wing

ÅMinimum induced drag occurs when lift is distributed 
in elliptical fashionði.e. elliptical wing planform 
without twist or sweep
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The Elliptical Wing and Taper

ÅDifficult and 

expensive to build 

elliptical planform

ÅUse wing taper to 

simulate spanwise lift 

distribution of elliptical 

wing
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Induced Drag

Å Induced drag is ñdrag due to liftò on a wing.

Å It results from the angle of attack induced from the 3-D flowfield.

Å For an elliptical wing:

Å For a non-elliptical wing, we have introduced Oswald's Efficiency 
Factor, eo

Å So eo is a measure of the reduction in efficiency over the optimum 
elliptical wing case.

Å In other words, the elliptical lift distribution is optimum in terms of 
induced drag.
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Estimating C L,max

Å The wing CL,max is always less than the 2-D section Cl,max.

Å Estimating CL,max for a wing is difficult.

Å To do this accurately requires a understanding of how the wing 
stallsðwhich is a function of many variables (airfoil section, 
geometry, Reynolds number, Mach number, etc.)

Å Raymer suggests

Å For information on the effects of high-lift devices (i.e. slats and 
flaps) on the 2-D sectional Cl refer to:

ïRefer to Raymer pp.  321 to 327

ïRefer to McCormick Chapter 3
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Estimating C L,max Increase

Å The sectional Cl,max value is required to estimate 
the wing CL,max, this is also true for the increase in 
CL,max due to flaps.

Å Raymer suggests the following approximation

ȿH.L. = sweep of flap hinge-line

Å This method requires an estimate

for the increase in the 2-D sectional Cl

due to the flap.

Å Usually this is obtained from 

experimental data, or correlations 

as in Raymer Table 12.2.
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