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AAE 333
Midterm Exam 2 

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. [20 points] The velocity profile for the flow in a straight channel is given by
u=A  y2−Hy
v=0                  

where A is a constant.

(a) Does the stream function,  , exist, if so find it. (Justify your answer with a 
calculation.)  
(b) Does the velocity potential,  , exist, if so find it. (Justify your answer with a 
calculation.)
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2.  [20 points] Consider a two-dimensional, incompressible, potential flow consisting of 
a uniform velocity U∞ in the x direction and a sink of strength Q (Q < 0)  located at a 
distance x = a from the origin.  (See figure below.)

(a) Determine the location of the stagnation point(s) in the flow.  (You may assume 
any stagnation points lie on the x-axis.)
(b) Sketch (NEATLY) the streamline pattern for the flow and indicate the direction of 
flow along each streamline.  In particular draw the streamline(s) that go through the 
stagnation point(s).
(c) Write an equation that defines the streamline(s) that go through the stagnation 
point(s).

Sink, Q<0

a

U�
Sink, Q<0

a

U�



3. [40 points] Consider a cart rolling on flat ground as shown below. A water jet is shot 
into the cart in order to slow it down. All of the water from the jet is captured inside the 
cart. 

  a) The jet of water is generated by applying a steady force F=100 N on a piston (see 
figure below). The area of the piston is Ap=0.002 m2 and the jet is Aj=0.0005 m2. Assume 

that the flow to the right of the 
piston is steady and friction 
losses may be neglected. The 
fluid density is 1000 kg/m3 and 
the atmospheric pressure is 
pa=100 kPa. The back  of the 
piston is open to atmospheric 
pressure. Assume the jet area is 

the same as the exit area of the nozzle. Find the jet velocity V j. 

   b) The initial mass of the cart is M(0)=100 kg, and the initial velocity is Vc(0)=10 m/s. 
Determine a set of ordinary differential equations that can be solved to find the mass of 
the cart, M(t), and the velocity, Vc((t). Include aerodynamic drag in your formulation, 
assuming a CD=0.4 and cross sectional area for the cart of Ac=1 m2. Ignore rolling friction 
between the wheels and the ground. (Note: You do NOT have to solve the equations.)





4.  [20 points] The following are four short answer questions.  Please answer them 
completely, but briefly.  Each question is worth 5 points.

(a) Give an example of a case where 
∂ p
∂t

=0 , but 
D p
Dt

≠0 . Note that p is the pressure. 

(b) List the 5 assumptions required to derive Bernoulli’s Equation.
(c) Why can simple potential flow solutions be added to produce complicated solutions?
(d) List three properties of stream function?  


