
IV .
Aerofoil Theory



4.2 The velocity field 

where Q is a constant, is called a line source flow if Q > 0 and a line sink 
if Q < 0. Show that it is irrotational and incompressible, save at r = 0, 
where it is not defined. Find the velocity potential and the stream function, 
and show that the complex potential is
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Fluid occupies the region x > 0, and there is a plane rigid boundary at x = 
0. Find the complex potential for the flow due to a line source at z = d > 0, 
and show that the pressure at x = 0 decreases to a minimum at |y| = d and 
thereafter increases with |y|.
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4.3 An irrotational 2D flow has stream function

where A and c are constants. A circular cylinder of radius a is introduced, 
its centre being at the origin. Find the complex potential, and hence the 
stream function, of the resulting flow. Use Blasius’ theorem to calculate the 
force exerted on the cylinder.



Milne-Thomson’s circle theorem: suppose we have a flow with complex 
potential w = f(z), where all the singularities of f(z) lie in |z| > a. Then

is the complex potential of a flow with (I) the same singularities as f(z) 
in |z| > a and (II) |z| = a as a streamline.



Blasius’ theorem: let there be a steady flow with complex potential w(z) 
about some fixed body which has as its boundary the closed contour C. If 
Fx and Fy are the components of the net force on the body, then



4.4 Show that the problem of irrotational flow past a circular cylinder may 
be formulated in terms of the velocity potential as follows:

with

and obtain the solution by using the method of separation of variables.





When there is circulation round the cylinder, derive the equation

and confirm that the stagnation points vary in position with the parameter 
B.






