
Spring 2010   NAME  _____________________________

                                                  
                                                                       

AAE 333
Final Exam  

INSTRUCTIONS:
DO NOT OPEN THIS TEST UNTIL TOLD TO DO SO

          THIS TEST IS CLOSED BOOK AND OPEN NOTES
           
           Show your work to receive credit. 
           Hand this test sheet in with your papers.
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1.[20 points] You are planning wind tunnel tests to evaluate a new drag reduction 
scheme based on laminar flow control. In order to achieve high Reynolds numbers you 
are considering having the tests done in the European Transonic Wind Tunnel (ETW) in 
Cologne Germany. This is a cryogenic (low temperature) facility. It uses nitrogen at 
T=120 K. At that temperature the viscosity of nitrogen is 8x10-6 kg /m⋅s  and the speed 
of sound is a = 223.3 m/s. The tunnel can also be pressurized to 4 atmospheres. Assume 
that under these conditions nitrogen can be treated as an ideal gas and the specific gas 
constant R=296.8 N⋅m/kg⋅0 K  . The model you will use has a chord length of 0.25 m. 
The full size airplane flies at an altitude of 10,000 m. Use the standard atmosphere table 
for estimating the properties of air at that altitude. The full scale airplane flies at a 
velocity of 250 m/s. It has a chord length of 5.0 m, and a wing planform area of 150 m2. 

       a)  Determine the pressure needed within the wind tunnel test section to obtain 
dynamic similarity between the model and the full scale airplane. (Is this within the limits 
of the facility?) 

       b) Assume that when the tests are done you find that the drag on the model is D=500 
N. Based on that measurement, what is the drag on the full scale airplane? What is the 
drag coefficient, CD? 
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2. [20 points] A thin flat plate is separated from two fixed plates by incompressible fluids 
with viscosities μ1   and  μ2 , respectively, as shown in the figure below. The contact area is 
A between the center plate and each fluid. 
a) Find the force F required to pull the plate at velocity V. (15 points)
b) Is there a necessary relation between the two viscosities  μ1   and  μ2? (5 points)
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3. [20 points] Consider the plane, incompressible potential flow along a wall with the 
triangular bump (as shown in the figure)

Construct an appropriate system of images and estimate the velocity at  A by a  crude 
panel method. Take advantage of the symmetry.

a) Set up equation(s) which determine the unknown source strengths and solve them. 
What is the minimum number of unknowns?           
b)  Find the velocity and pressure coefficient at A.  
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4. [15 points] For a flow with the stream function = xy  find the following:  

a) Sketch streamlines and show the flow direction. 

b) Find the volumetric flow rate between streamlines passing through the points (1,1) and 
(2,2).  

 

c) Check if the flow is irrotational and, if yes, find the velocity potential. 
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5.[5 pts each] 
a) Write the 2D, steady,  incompressible Navier-Stokes equations in terms of the stream 
function. How many equations you got and what are the unknowns?

b) Give a definition of potential flow. Is a potential flow always incompressible? 

c) What is D’Alembert’s Paradox? 

d) Sketch the pressure distribution along the upper surface of an airfoil for attached and 
separated flow. 

e) List assumptions used to derive the Blasius boundary layer solution for the velocity 
profile. 


