M

oy
11
—

ME-445 AERODYNAMICS
05 - Wing theory

Nac”s

(*r /“}

-

Fall 2024




Examples

Wing nomenclature

Finite wing aerodynamics
Helmholtz's theorems
Prandtl’s lifting line theory

Prandtl’s lifting line theory



Influence of AR



https://youtube.com/watch_videos?video_ids=DZcPYua8p0I,BaRb46vv_bQ
http://www.youtube.com/watch_videos?video_ids=IMtN6iE9pqE,6vICf8l-KV0,IN2Bw79KK80
http://www.youtube.com/watch_videos?video_ids=luXE6T3pBYY,fKkzqk3RMLc

Nomenclature

Wing geometry
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Wing geometry

Aspect ratio AR = 335 AR = 5.6

Schleicher ASH 31 Glider Piper Cherokee




Wing geometry
Wing taper
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Wing geometry

Thickness ratio
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Wing geometry

Wing sweep

Relative wind flowing over wing
Spanwise component
Chordwise component



https://en.wikipedia.org/wiki/High-lift_device
https://fyfluiddynamics.com/post/187778860637/over-the-years-there-have-been-many-odd-airplane
https://en.wikipedia.org/wiki/General_Dynamics_F-111_Aardvark

Wing geometry

Wing dihedral/anhedral
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Streamline over spanwise flow O
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Finite wing




Tip vortices

BEWARE!

Which plane creates the stronger down-
wash?

(A)  Airbus A380
(B)  Challenger 604
(C)  F16 Falcon fighter jet

(D)  that depends on the weather conditions




https://www.thetimes.co.uk/article/private-jet-flipped-in-superjumbo-s-wake-bgr2s5blc

TI p Vo rtl Ces http:/loungtastic.com/2017/03/25/private-jet-crash-saw-from-emirates-a380-in-sky/

BEWARE!

Wake
~ vortices
Executive jet at
34,000ft passes A380
flying 1,000ft higher

The Challenger 604 caught =" ‘t:@
in the superjumbo’s wake o Pilots regain control

is violently rolled and spun and land damaged aircraft


https://www.thetimes.co.uk/article/private-jet-flipped-in-superjumbo-s-wake-bgr2s5blc
http://loungtastic.com/2017/03/25/private-jet-crash-saw-from-emirates-a380-in-sky/

Tip vortices




Tip vortices




Downwash, effective angle of attack, and induced drag
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Finite wing aerodynamic loads
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Elliptic wing

Rectangular wing
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Tapered wing
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Span-wise lift distribution

Front view L =L ()= pooll'(y)

of wing




Helmholtz’s theorems

1. The strength of a vortex tube is constant along its length
4 ™)
The integrated vorticity flux over a cross surface of a vorticity
tube or the circulation of the tube is constant, independent
of the shape and location of the cross surface or its boundary

over which the integrals are estimated:

Section A

(:> circulation is a proper measure of the strength of a vorticity tube)




Helmholtz’s theorems

2. A vortex line cannot end in the fluid

= it must form a closed loop or originate/terminate in a discon-
tinuity in the fluid such as a solid body or a surface of separation.




Prandtl’s lifting line theory

Free-trailing vortex
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flight

Formation
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Ground effect
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Span-wise lift distribution

Front view L =L ()= pooll'(y)

of wing




Prandtl’s lifting line theory

Free-trailing vortex
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Prandtl’s lifting line theory

Downwashw(y)
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Prandtl’s lifting line theory
The lifting line




Prandtl’s lifting line theory
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positive when the induced velocity
points downward.



Prandtl’s lifting line theory



Prandtl’s lifting line theory



Prandtl’s lifting line theory

T'(y) is the key to obtaining the aerodynamic characteristics of a finite wing

b/2

I'(yo) 1 (dr'/dy)
TUnoc(yo) @0(Y0) = 41U, f Y=Y 4

—b/2

a(yo) = a(yo) + ai(yy) =

b/2
2
Cpj = T.OS I'(y)a(y)dy

—b/2




Prandtl’s lifting line theory

Lift distribution
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Prandtl’s lifting line theory
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Prandtl’s lifting line theory

Elliptical distribution



Prandtl’s lifting line theory

Elliptical distribution



Prandtl’s lifting line theory

Elliptical distribution
The most probable lift curve for a finite wing with elliptical lift distribution is

2D airfoilw A—B—C—D—E F—G
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Prandtl’s lifting line theory

Elliptical distribution
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if induced velocity points downward:
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Prandtl’s lifting line theory

Elliptical distribution




Prandtl’s lifting line theory

General load distributions
Isolated wing in

/\ steady symmetric

flight

Lift distribution
modified by
fuselage effects
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/\ Lift distribution
: in antisymmetric

flight

Antisymmetric flight
ﬂ with ailerons
: in operation




General load distributions

| (a) A, sinB
(b) Ay sin20
(@) 1 (c) Ai sin 36
(d) As sin48
o T
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General load distributions

Lift on the wing

s/2

L= f pUTI'dy

—s/2

NT
T(6)=2bU_, ZAn sinn®
n=1

y=0Db/2cosb
dy =—b/2sinf d6

f sinnfsind6 = nt/2 if n =1 and 0 otherwise

0



General load distributions

Downwash
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NT
T(6)=2bU_, ZAn sinn®
n=1

General load distributions

y=0Db/2cosb
Induced drag dy =—b/2'5in0 d6
5/2 D, =La;=Lw/U,, = pTw
C, = mA; AR
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Minimum induced drag

elliptical distribution

general load distribution
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General load distributions

Summary |
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(d) A, sin40

N
I'(6)=2bU_, ZAn sinn6

n=1 ) W
-s/2 0 s/2

|

/‘h\ /-\ P s N P e N P P W

\_/ N R -

L (a) A, sin® (b) A, sin 28 (c)Assin38 (d) A;sindd  (e) A5 sin50
sinn6

o0
W(G) :UooZnAn . (a)
—1 sin 0 (a) A, sin®
n= (c) 1 (c) Ag sin30
\<e) () As sin 50

CD,i eSS

CL — ﬂ:ARAl

@] %E T
-s/2 0]

with & = » n(A,/A,)?

M=

=
I
V)



Load distribution on a given wing

D: Cla)=a (e —ayp) 3D: Clla)=a (a—ay)
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