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AAE 333
Final Exam  

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

          THIS TEST IS CLOSED BOOKS AND CLOSED NOTES
           You can use 2 one-page formula sheets. 
           Show your work to receive credit. 
           Hand this test sheet in with your papers.       



1.[25 points]  An in-draft wind tunnel takes air from the quiescent atmosphere (outside of 
the tunnel) and accelerates it in the converging section, so that the velocity of the air at a 
point A in the test section but far from the model is 50 m/s. 

a) What is the static pressure at point A? 
            b) What is the pressure at the stagnation point on a model in the test section? 

State the assumptions that you make to calculate the pressures. 



2. [25 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. (20 points)
b) Is there a necessary relation between the two viscosities  μ1   and  μ2? (5 points)



3. [25 points] Incompressible, irrotational fluid is flowing past a wall with a source of 
strength Q located at (0,a) as shown in the figure below. Far from the source the flow is 
parallel to the wall with a uniform velocity V∞. 

 a) Determine the location of the stagnation point(s) in terms of V∞, Q and a. 
 b) Find the pressure distribution along the wall as a function of x. 

Hint: Use method of images.



4.[25 pts]  The following are four short answer questions.  Please answer them 
completely, but briefly.  Each question is worth 5 points.

a) All else being the same, turbulent flows have higher, lower, or the same
(i) ___________ skin friction than laminar flows.
(ii) __________  heat transfer than laminar flows.

     (ii) __________  mixing than laminar flows.

b)  Does a stream function exist for a solution to the two-dimensional incompressible 
Navier-Stokes equations? Justify your answer.

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

d) Give a definition of streamline. Can streamlines cross each other? 

e)  Over what part of the upper surface of the airfoil shown below may the boundary 
layer separate?  Justify your answer.


