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AAE 333, FALL 2013  

Midterm Exam 1 

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

          THIS TEST IS CLOSED BOOKS AND CLOSED NOTES
           You can use one-page formula sheet. 
           Show your work to receive credit. 
           Hand this test sheet in with your papers.
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1. [25 points] A 10-cubic meter vacuum chamber is used for space experiments. The 
chamber is evacuated by a vacuum pump that removed air from the chamber at a constant 
volumetric flow rate Q̇ pump . The air leaks into the chamber through microscopic gaps 
around fittings. The leak has a constant mass flux ṁf leak .

a) Write an equation describing time variation of pressure in the chamber. 
b) What is the minimum attainable pressure in the vacuum chamber if Q̇ pump =100 
ft3/min, ṁf leak =10 kg/s/m2 and leak area is 1 mm2. 
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2.  (25 points) 
For a boxcar shown below filled with water at density 1,000 kg/m3, find 

a) acceleration
b) pressure at point A.

Assume the car is moving at sea-level where air pressure is 101kPa.
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3. [each question is 5 points unless noted otherwise] 
a)   List two conditions for dynamic similarity

b)  What is continuum hypothesis in fluid mechanics and how it is used? 

c) Give the definition of center of pressure 
 

d) Give the definition of Reynolds number and explain its physical meaning

e) How flows are classified by the value of freestream Mach number? 

f) If pressure coefficient at a point on airfoil surface is equal to ½  and the freestream is 
air at 1 kg/m3 density and 10 m/s velocity, what is the pressure at this point? 

g) True of false: for a streamlined body, drag is mostly due to shear stress? Explain why.  

h) True or false: curl of velocity vector is always perpendicular to velocity? Explain why. 

i) Label the freestream velocity (V∞),  angle of attack (α), chord (c), lift (L), drag (D), 
normal (N) and axial (A) forces, pressure(p), shear stress(τ) and the surface inclination 
angle (θ) on the figures: [10  points] 


