
Fluid Mechanics AAE333, Spring 2014 
 

Exam #2  Review Topics 
Wednesday April 9, 2014 
 1:30 – 2:20 pm (in class)  

 
 
Study Questions: 
 
1) Conservation Laws 

a) Conservation of Momentum 
i) Write the conservation of momentum equation in words? (ie What does each 

term represent?) 
ii) How are external forces defined and how does lift/drag/thrust relate to the 

external force term? 
iii) Relate the global and “local” conservation equations. 
iv) What are the 6 steps for solving problems using the global conservation 

equations?  Which step do I consider the most important and often overlooked 
step? 

v) How are drag and momentum related? 
b) When should you use conservation of mass, momentum, or both.  Why? 

 
2) Global Conservation Equations 

a) Conservation of Mass/Momentum with Rectilinear Acceleration 
i) What is the added term in the Momentum equation? 
ii) How does the velocity in the mass/momentum equations need to be 

interpreted for this case? 
iii) What are the 6 steps for solving problems using the global conservation 

equations?   
b) Conservation of Energy 

i) When does one need to use conservation of Energy?  Why? 
ii) What is the physical principle behind conservation of Energy? 

3) Fluid Kinematics 
 

a) Define the substantial derivative.   
i) How is it related to the Lagrangian viewpoint? 

ii) Give an example of a case where 
∂ p
∂t = 0 , but 

D p
Dt ≠ 0 . 

b) Write continuity, momentum, and energy in terms of the substantial derivative.  
What does this form of the conservation equations tell us? 

c) Flow lines 
i) Define streamline, streakline, and pathline.  When are they the same line? 
ii)  How can you compute a streamline, i.e. what is the equation of streamline?  

d) Fluid element deformation 
i) Graphically illustrate fluid element rotation and strain. 
ii) How can you compute the deformation of the fluid element? 



e) Stream function 
i) Under what condition(s) does the stream function exist? 
ii) What are 3 properties of a stream function? 

f) Velocity potential 
i) Under what (which) condition(s) does the velocity potential exist? 
ii) How is the velocity potential related to the stream function? 

4) Bernoulli’s Equation 
a) List the 5 assumptions required to derive Bernoulli’s Equation. 
b) What fluid flow properties are related by Bernoulli’s Equation? 
c) How can we use Bernoulli’s equation in fluid mechanics? 
d) If Bernoulli’s equation applies, derive a simplified equation for the pressure 

coefficient. 
5) Potential Flow 

a) What is the governing equation for potential flow? 
b) Why can simple potential flow solutions be added to produce complicated 

solutions? 
c) What is the appropriate boundary condition on a solid surface in potential flow? 
d) What are the four type of fundamental potential solution that we discussed in 

class? 
e) Define the stream function, velocity potential, and velocity for the four 

fundamental potential flow solution. 
f) What is the physical meaning of Q for source flow? 
g) How do you find stagnation points?  
h) What combination of elementary flows gives a doublet?  
i) How do we compute the stagnation points for this flow? 
j) How do we determine the body shape? 
k) What is a necessary, but not sufficient condition for a closed body to exist? 
l) What do we get if we combine a uniform flow with a doublet? 
m) Is the potential solution around a cylinder physically realistic? Why? 
n) Show that Bernoulli's equation applied to potential flows results in the following 

expression for the pressure coefficient: 
Cp = 1−

V
V∞

⎛
⎝⎜

⎞
⎠⎟

2

 
o) What is D’Alembert’s Paradox? How does it relate to potential flow? 
p) What combination of elementary potential flow solutions gives a lifting flow over 

a cylinder? 
q) What is Kutta-Joukowski theorem?  
r)  What is Kutta condition? 

 
 
 
 
 

 
 


