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Formula sheet

Cylindrical coordinates

L [0Ov. 10w,

V“—<awraw®
L 10(rv,) | 10w,

Vo= e o

L 1 [0(rv,)  Ov,
VX“<O’O’T[ ar _aeD

Potential flow
o 10y

S Trae U7

19¢ _ 0¥
rod  or

Uniform parallel flow w =¢+ip =U_ e

. . i
Potential vortexin z, w = —2—7 In(z — z)
7r

Point source or sink in z,
T

"

Source-sink doublet in z, —_
21(z — zp)

w =
dw

— =u—1

dz
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Thin airfoil theory
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Finite wings with AR=0?/S5

Sign convention:

if induced velocity points downward: w(y) > 0, a;(y) > 0
if induced velocity points upward: w < 0, s < 0
Prandtl’s lifting-line theory
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Boundary Layer

Flat plate laminar boundary layer
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Flat plate turbulent boundary layer
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water

kinematic viscosity v=1x10"m?s™! ] 040 — 0
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density p=1000kgm™3 /
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1. Consider a wing with an aspect ratio AR = 10. Its non-dimensional circulation distribution is

I'(0) 2¢

bU, mAR

(3sin# + sin 36)

1
with % = 5 cos ¢, b the wing span from tip to tip, and € a constant value.

(a) Determine the Fourier coefficients according to Prandtl’s lifting line theory.

Solution:
r
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(b) Calculate the lift coefficient C| and the induced drag coefficient C,; of this wing.

Solution:
Lift coefficient: C, = 7A,AR = 3¢

n=2
A
=3(3) =3
2 9¢2 4 12¢2
I ff . . o L 1 — — =
nduced drag coefficient: Cp, p AR( +9) mAR3 7AR
C, = 3e
_ 0
Y

(c) Write the expression for the induced angle of attack a; as a function of 6.

ME-445 exercise 10 1/3



Solution:

~w(b)
_ f: nAnSiTl no
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o 3e 43 € sin360
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12¢ .
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o = g; cos? f)

(d) Sketch () for e > 0 and for € < 0. Do not forget to add a legend.

Solution:

Q;

Emm 6<0
e € > ()

(e) The wing is formed by thin airfoils with the same airfoil profiles. At which span-wise
location would this wing starts to stall first for e > 0 and where for e < 0?
Motivate your answer.

Solution: The wing is formed by thin airfoils with the same airfoil profiles. The stall
angle of attack is the same along the span. Stall begins where the effective angle of attack
is highest a.y = o — .
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For € > 0, the downwash is positive (i.e. pointing downward) and the induced angle is
a; < 0 everywhere = o4 < . The effective angle is highest where the induced angle is

zero. This occurs at the roots.

For € < 0, the downwash is negative (i.e. pointing upward) and the induced angle is
a; > 0 everywhere = a4 > a. The effective angle is highest where the absolute value of

the induced angle is highest. This occurs at the tips.

e > 0: stall begins at the root 0=m/2
e < 0: stall begins at the wing tips 6 =0, 7
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