
Kelvin’s Theorem: dΓ

dt
= 0 (for a drifting circuit)

Vertical velocity distribution of vortex sheet γ(ξ) on x-axis:

w(x) =
1

2π

∫ c

0

γ(ξ)

ξ − x
dξ

Trigonometric coordinate substitutions:

x =
c

2
(1 − cos θo) ξ =

c

2
(1 − cos θ) dξ =

c

2
sin θ dθ

Fundamental equation of Thin Airfoil Theory:

1

2π

∫ c

0

γ(ξ)

x − ξ
dξ = V

∞

(

α −
dZ

dx

)

(for 0 < x < c)

1

2π

∫ π

0

γ(θ) sin θ

cos θ − cos θo
dθ = V

∞

(

α −
dZ

dx

)

≡ V
∞

f(θo) (for 0 < θo < π)

Cosine-series function representation and Fourier Analysis:

f(θo) = A0 −
N
∑

n=1

An cos nθo

A0 =
1

π

∫ π

0
f(θ) dθ = α −

1

π

∫ π

0

dZ

dx
dθ

An = −
2

π

∫ π

0
f(θ) cos nθ dθ =

2

π

∫ π

0

dZ

dx
cos nθ dθ

Series solution to Fundamental equation of T.A.T.:

γ(θ)

2V
∞

=
1

4
∆Cp(θ) = A0

1 + cos θ

sin θ
+

N
∑

n=1

An sin nθ

Lift and moment coefficients:

cℓ =
∫ c

0
∆Cp dx = π (2A0 + A1) = 2π(α − αL=0)

cm,c/4 =
∫ c

0

(

1

4
−

x

c

)

∆Cp dx =
π

4
(A2 − A1)

T.A.T. summary:

α ,
dZ

dx
(θo)

Fourier
analysis

−→ A0 , A1 . . . AN

series
summing

−→ γ(θ)

chordwise
integration

−→ cℓ , cm

Orthogonality properties of sine and cosine functions:
∫ π

0
sin nθ sin mθ dθ =

{

π/2 (if n = m)
0 (if n 6= m)

∫ π

0
cos nθ cos mθ dθ =











π (if n = m = 0)
π/2 (if n = m 6= 0)
0 (if n 6= m)



Glauert integral:
∫ π

0

cos nθ

cos θ − cos θo
dθ =

π sin nθo

sin θo

Biot Savart Law:
~V (x, y, z) =

Γ

4π

∫ +∞

−∞

d~ℓ × ~r

|~r|3

Wing-wake vortex sheet strength:

γ(y) = −
dΓ

dy

Trigonometric coordinate substitutions:

yo =
b

2
cos θo y =

b

2
cos θ dy = −

b

2
sin θ dθ

Induced angle distribution along wing:

αi(yo) =
−w(yo)

V
∞

=
1

4πV
∞

∫ b/2

−b/2
γ(y)

dy

y − yo
=

1

4πV
∞

∫ b/2

−b/2

dΓ

dy

dy

yo − y

Angle relations at a spanwise station:

chord line

zero lift line

geomα
α

L=0−α

aeroα

common reference line for whole wing
αi

V

local
relative
velocity

Circulation/chord/angle relations:

Γ(y) =
1

2
V

∞
c(y) cℓ(y) =

1

2
V

∞
c(y) ao [α + αaero(y) − αi(y)]

Sine-series circulation representation and associated induced angle:

Γ(θ) = 2bV
∞

N
∑

n=1

An sin nθ

αi(θo) =
N
∑

n=1

nAn
sin nθo

sin θo

Overall Lift and Induced Drag results:

L =
∫ b/2

−b/2
ρV

∞
Γ dy =

π

2
ρ V 2

∞
b2 A1

Di =
∫ b/2

−b/2
ρ V

∞
Γ(y) αi dy =

π

2
ρ V 2

∞
b2 A2

1

[

1 +
N
∑

n=2

n
(

An

A1

)2
]

=
(L/b)2

1

2
ρ V 2

∞
π

[1 + δ]

CDi =
C2

L

π e AR

Level flight relations:

V =

(

2 W/S

ρ CL

)1/2

P =
1

ηp

(

2 W/S

ρ

)1/2

W
CD

C
3/2

L


