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Control Volume:  Region of space though which mass flows in and out 
 
 
Conservation of Mass for a Control Volume 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For multiple inlets and exits 
 
 
 
 
 
One-Dimensional Flow 
- Flow is normal to the boundary at all locations where mass enters and exits the control volume 
- All properties are uniform with position over each inlet and exit area (no change along the cross-
section) 
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Steady-State Flow 
 
 
 

 

 

Conservation of Energy for a Control Volume 
 
Energy at the Inlet 
 

 

 

 

 
Rate of Energy Change 
 
 
 
For the Exit 
 

 

Energy Rate Balance 
 
 
 
 
Work Components for the Control Volume 
1.) Fluid pressure at the inlets and exits 
2.) Everything else 
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Fluid Pressure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Everything Else 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Steady State 
 
 
 
 
 
 
 
One Inlet, One Exit 
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Control Volume Components 
 
Nozzles and Diffusers 
- Varying cross-sectional area 
- Nozzle:  Area decreases in the direction of the flow (pressure and velocity increases) 
- Diffuser:  Area increases in the direction of the flow (pressure and velocity decreases) 
 
 
 
 
 
 
 
 
 
Typically 
 
 
 
Turbines 
- Gas or liquid passing through a set of blades connected to a rotating shaft 
 
 
 
 
 
 
Typically 
 
 
 
 
 
Compressors and Pumps 
- Compressor:  Work is done on a gas passing through the compressor to raise the pressure 
- Pumps:  Liquids 
 
 
 
 
 
 
 
Typically 
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Heat Exchangers 
- Energy is transferred by heat between fluids at different temperatures 
 
Typically 
 
 
 
 
 
Throttling Devices 
- Restriction in the line to reduce pressure (partially opened valve or a porous plug) 
 
Typically 
 
 
 
 
 
 
System Integration (Vapor Power Plant) 
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