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Responsibilties

A External configuration of airfoil, wing geometry, and
fuselage for cruise, take-off and landing configurationsd
to configuration.

A Component and total system lift-and-drag coefficient
relationshipsd drag polar.

A Develop model for lift & drag for cruise, turns, take-off
and landingd to performance.

A Estimate spanwise loads on wingsd to structures.

A Wing lift and moment coefficientsd to stability and
control.



Presentation Outline

A Wings

I Geometry definitions/nomenclature
I Wing sweep and twist

I 3-D effects on lift-curve slope

I Induced drag

[ Estimating C, .

A Aerodynamic drag
I Definitions
I Drag build-ups
i "NReference areao met hod



Geometry and Nomenclature
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Actual wing

-4— Reference wing

S = Reference wing area

C  =Chord (distance L.E. to T.E.) le—s!
A = Aspect ratio = b%/S C tip
t/'c = Airfoil thickness ratio (maximum thickness/chord)

A = Taper ratio = C tip/C root

b = Span

Given: W/S, A, A
S=W/(W/S) b=\VAS Croot=2-S/[b(l1 +\)] Ctip=AC root

Fig. 4.15 Wing geometry.



Wing Sweep and Twist

Aircraft A Swe e p

Y Centerline T Leadi ng—edge for
supersonic flight

I Quarter-chord for subsonic
flight

A Geometric Twist

I Change in angle of
Incidence from root to tip of
wing (called
when angle is less at tip)

I Ensures wing tip is last part
of wing to stall

tanALE = tanAC,t4 + [( l’A)/A(I'{“A)]

Fig. 4.16 Wing sweep A.
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Wing Effects

A The 3-D geometry of a wing
Induces a 3-D flowfield, driven

12 X/XX - by the difference in pressure
- X/ A between the upper and lower
r v surface.
/ —=x=—Two—dimensional airfoil (Ref. 3.13 .
o3 - Yl A Some effects of this 3-D
s 0o T Taper ratio = 0.4 flowfield are:
s ol
N

/ . . -
x/;/ i Reduction in lift-curve
/ m - slope.
J s

Reduction in C, ...

N
\

L L) L ] L1 | | T N N B - : :
) I T T R T R R TR R I Generation of induced
4 B «, deg
—02H (for the midspan chord line drag .
in the case of the wing) . . . . .
i I Non-uniform distribution of
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Figure 3.49 Comparison of NACA 65-210 airfoil lift curve with that of a wing using the sa Ilft along the Span .
airfoil.

I Downwash and induced
angle of attack.



The Elliptical Wing

A Minimum induced drag occurs when lift is distributed
In elliptical fashiond i.e. elliptical wing planform
without twist or sweep

Prandtl Helmbolt
C — Cla CLa = Cla AR
La C C., [aC.d
la aeﬁ 0 +AR?
PAR p ep =

CLa = Wing lift-curve slope
Cla = 2-D section lift-curve slope



The Elliptical Wing and Taper

A Difficult and
expensive to build
elliptical planform

simulate spanwise lift
distribution of elliptical
wing

Fig. 4.23 Effect of taper on lift distribution.
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Induced Drag

| nduced drag I s ndrag due to

It results from the angle of attack induced from the 3-D flowfield.
For an elliptical wing:
_C
Di
PAR

For a non-elliptical wing, we have introduced Oswald's Efficiency
Factor, e,
_C
? epAR

So e, Is a measure of the reduction in efficiency over the optimum
elliptical wing case.

In other words, the elliptical lift distribution is optimum in terms of
induced drag.
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To o o

Estimating C

L, max

The wing C, .. Is always less than the 2-D section C, ...
Estimating C,_ .., for a wing is difficult.

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

Raymer suggests

c:L,max - 09C| ,max COSQ— 0.25(:)

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

I Refer to Raymer pp. 321 to 327
I Refer to McCormick Chapter 3
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Estimating C | . INncrease

The sectional C, ..., value Is required to estimate
the wing C, .., this is also true for the increase in
C_ max due to ?raps.

Raymer suggests the following approximation

éSﬂa ed6
DC, .., =0.9DC 38&8%5«_,“_)

I, max
é‘% Sref -

S = Sweep of flap hinge-line

L,max

This method requires an estimate

for the increase in the 2-D sectional C,
due to the flap.

Usually this is obtained from
experimental data, or correlations

as in Raymer Table 12.2.
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