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Review for Exam 2 
 
Chapter 5: Mass, Momentum, and Energy equations 
 
Flow rate and conservation of mass 
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Simplification of Continuity Equation 
 

 
 
Momentum Equation 
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Important features for momentum equation: 
 

1. Vector equations  Need to derive component by component 
2. Carefully define CV to include all external body and surface faces 

 
3. Velocity must be referenced to a non-accelerating inertial frame. 
4. Steady vs Unsteady flow 
5. Uniform vs Nonuniform flow 
6. Always use gage pressure 
7. Pressure condition at a jet exit 
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Energy Equation 
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Simplified form of energy equation 
 
Simplification: 
 

• No acceleration normal to the stream lines, pressure is hydrostatically 
distributed. 

• Internal energy u is considered as constant. 

• Shaft work defined as ptS WWW −=  

• Head loss defined as mg
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The final form of simplified energy equation: 
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Application of the energy, momentum, and continuity equation in 
combination: 
 

 
For instance, the equations above can be applied to the flow from a small pipe to a 
large pipe (abrupt expansion) or forces on transitions. 

 
Example of abrupt expansion 
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Example of forces on transitions 

 
Chapter 6: Differential Analysis of Fluid Flow 
 
Fluid element kinematics 
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The continuity equation in differential form 
- In Cartesian coordinates: 
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-In Cylindrical polar coordinates: 
 

 

 
 
The stream function ψ 
 

 

 
 
Important features of ψ 
 
• Curves of constant ψ are streamlines of the flow 

 

 
 

• The difference in the value of ψ from one streamline to another is equal to 
the volume flow rate per unit width between the two streamlines 
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Navier-Stokes (NS) equations: 
 

NS equation is a differential form of the conservation of momentum!! 
 

 
Start from 1-D flow approximation: 

 

 
Notice that: 
  Body force due to external fields such as gravity or magnetics 
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Surface force due to the stresses acting on the sides of CS 

 

 
 

 
 
The physical meanings of each term in NS equation are 
 

 
Write viscous shear and normal stresses in the form as 
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After some mathematical manipulation, NS and continuity equations are obtained 
as: 
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Differential analysis of fluid flow 
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Chapter 7: Dimensional Analysis and Modeling 
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Common Dimensionless Parameters for Fluid Flow Problems 
 

Re, Fr, We, Ma, Cp, etc 
 

Nondimensionalization of the Basic Equation 
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Similarity and Model testing 

 
Similarity is classified as: 
 

1. Geometric Similarity (similar length scale) : pm LL /=α  
2. Kinematic Similarity (similar length and time scale) 
3. Dynamic Similarity (similar length, time, and force scales) 

( etc scaling Re& Fr ) 


