AER 307S: Assignment 1

(At sea level, the density of the standard atmosphere is 1.226 Kg/m^3, and the temperature is 288 oK. Also, R = 287m^2/sec^{2 o}K, g= 1.4, c_v = 717 Nm/Kg^oK, and c_p = 1004 Nm/Kg^oK.)

1. A Pitot tube on an airplane flying at standard sea level reads 1.07·10^5 N/m^2. At a given point on the wing, the flow velocity is 130 m/s. What is the speed of the airplane? What is the pressure coefficient at the specified point on the wing?

2. Consider an airfoil in a wind tunnel. Prove that the lift per unit span can be obtained from the pressure distributions on the top and bottom walls of the wind tunnel. Hint: see section 2.6 in the text.

3. Consider a steady inviscid flow with no heat conduction and no source terms. Show that the total enthalpy is constant along a streamline. Hint: � .(ab) = a.� b + b� .a.

4. Using the data for the NACA 2412 airfoil given in Fig. 4.5, calculate the lift and moment about the quarter chord (per unit span) when the angle of attack is 3 degrees and the freestream is at standard sea level conditions with a velocity of 60 m/s. The chord of the airfoil is 2 m. What is the Reynolds number? Use Sutherland’s law to find the viscosity.

5. The NACA 4412 airfoil has a mean camber line given by

z/c = 0.25[0.8x/c - (x/c)^2] 0 £ x/c £ 0.4

z/c = 0.111[0.2 + 0.8x/c - (x/c)^2] 0.4 £ x/c £ 1

Using thin airfoil theory, calculate a_{L=0}, c_l, c_{m,c/4}, and x_{cp}/c when a = 3�. (N.B. Be sure to use eq. 4.66, not the equation at the top of page 282, which contains an error.)