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Thin airfoil theory
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Sign convention:

if induced velocity points downward: w(y) > 0, a;(y) > 0
if induced velocity points upward: w < 0, s < 0
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1. We want to design a thin airfoil with a specific amount of camber. The camber line is

1 1\
approximated by Y_q [4_1 - (E - 5) ], with @ a positive constant.
Cc C

(a) Draw a sketch of this airfoil

(b) What is the value of the parameter « if we want the airfoil to have 2.5 % camber?

(c) Determine the coefficients Ay, A; and As,.

(d) Draw the lift and quarter chord moment coefficients, C;, and Cy;,1/4 in function of a.
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(e) What is the angle of attack for zero lift? And what are C; and C,,, 1,4 at a = 0?

(f) Define and calculate the aerodynamic centre and the centre of pressure for this airfoil at
zero angle of attack?

(g) Can you think of a way to change the airfoil to reduce the moment while keeping the
maximum camber the same?
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2. Thin airfoil theory is used to describe the two-dimensional potential flow around a paraboli-
cally curved thin plate of length L place in a uniform free stream with velocity U, at an angle
of attack «, as shown in the figure below.
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The plate shape is given by:
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(a) Calculate the Fourier coefficients Ay, A; and A, for this camber line.

(b) Determine the lift coefficient and position of the center of pressure for a = 0.
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(c) Determine the value of o for which the pressure difference between the upper and lower
surface of the plate is zero at the leading edge (no suction at the leading edge).
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3. In this problem, we will investigate the aerodynamic performance of a thin airfoil that has a
camber line defined by a third order polynomial y. = bc(§ — a1)(§ — a2)(§ — a3), where € is the
dimensionless chord position.

(a) Determine the values of a; and a; so that the polynomial function describes a real camber-
line (y. = 0 at z = 0 and = = ¢) and thus show that it can be described by the following
equation: y, = bc(§ — 1)(€ — a). What do the remaining parameters b and a represent in
terms of airfoil geometry?

1 —cosf
(b) Making use of the change in variable { = % = %, show that the camberline

derivative can be written as:

dy. |1 L 3 os20]
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(c) Show that the Fourier coefficients for a third order polynomial camberline are given by:

=t
Ay = a—%)b
4y =2

(d) Show that the coefficients of lift and pitching moment (C; and C,,| a¢) for an airfoil whose
camber line is defined by a third order polynomial at an angle of attack a are given by:

C) = 2n« +7Tb<a - §>

4
Cubie=~faT)
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(e) For an airfoil with ¢ = 2 and a maximum camber of 2%, show that b = 0.052 and
determine the coefficients of lift and pitching moment (C; and (), 1,4) at a three degree
angle of attack.
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