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Formula sheet
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Potential flow
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Uniform parallel flow w = ϕ+ iψ = U∞e
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g(z) = w(z) + w

(
a2

z

)

Thin airfoil theory
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Finite wings with AR=b2/S
Sign convention:

if induced velocity points downward: w(y) > 0, αi(y) > 0

if induced velocity points upward: w < 0, αi < 0

Prandtl’s lifting-line theory

U∞αi(y0) = w(y0) = − 1
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Boundary Layer
Flat plate laminar boundary layer
δ

x
=
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boundary layer growth
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skin friction drag coefficient

Flat plate turbulent boundary layer
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Miscellanous
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water
kinematic viscosity ν = 1× 10−6m2 s−1

density ρ = 1000 kgm−3

air
kinematic viscosity ν = 1.5× 10−5m2 s−1

density ρ = 1.2 kgm−3

sin (x± y) = sinx cos y ± cosx sin y

cos (x± y) = cosx cos y ∓ sinx sin y

cos 2θ = 2 cos2 θ − 1

sin 2θ = 2 sin θ cos θ

sin 3θ = 3 sin θ − 4 sin3 θ

cos 3θ = 4 cos3 θ − 3 cos θ
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π∫
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cos θ − cos θ1

dθ = −π cosnθ1 n = 1, 2, 3, . . .



1. Consider a clockwise and a counterclockwise potential vortex of strength G along y separated
by a distance D.

q
D

x

y

(a) Find the resultant complex potential w(z).

(b) Sketch the streamlines and equipotential lines in the above graph. Use a marker or
colours (not red) to clearly distinguish between both and do not forget to add a legend.
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(c) Find the magnitude and direction of the velocity u⃗q at point q in between the two vortices
in function of the parameters G and D.

(d) Now, add a horizontal uniform free stream flow with velocity u∞ =
1

2
|u⃗q| to the vortex

pair, with u⃗q the velocity found in the previous part. Find the new resultant complex
potential w(z).
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(e) Find the location of all stagnation points. Write your solution(s) in function of the
parameters G and D.
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(f) Sketch the new streamline pattern in the graph below.

D
u∞

y

(g) Find the pressure coefficient in point q
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(h) Find the total circulation Γ in the area enclosed by the large rectangle in the figure below.

(i) Find the total circulation Γ in the area enclosed by the circle in the figure below.
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