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Significant learning outcomes 

Conceptual Knowledge 
 Explain the steps in deriving the momentum equation. 

 Define an inertial reference frame. 

 Identify the accumulation and momentum flux terms in the momentum 

equation. 

Procedural Knowledge 
 Apply the component form of the momentum equation to stationary and 

moving control volumes. 

Typical Applications 
 For jets, vanes, nozzles and pipe sections, calculate forces and 

moments. 
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6.1 Momentum equation: Derivation 

• Newton’s Second Law : The net force acting on a 
body is equal to the product of mass and acceleration 
of the body or 

• The net force acting on a body is equal to the rate of 
change of momentum of the body 
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6.1 Momentum equation: Derivation 
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6.2 Momentum Eq: Interpretation 

• Force diagrams 

 Body forces 

 Surface forces 
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Considering the fluid in order to 

calculate shear stress (Fig. b) 

 

In order to calculate tensile forces in the pipe wall (Fig. c) 
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Choosing a control volume 

• Fixed and moving control 
volumes 

• Choice of control surfaces 
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Problem Setup 

Select an appropriate control volume. Sketch the control volume and 

coordinate axes. Select an inertial reference frame. 

Identify governing equations.  

Force Analysis and Diagram 

Sketch body force(s) (gravity, buoyancy) on the force diagram. 

Sketch surface forces on the force diagram (forces due to pressure 

distribution, shear stress distribution, and supports and structures). 

Momentum Analysis and Diagram 

Evaluate the momentum accumulation term. If the flow is steady and other 

materials in the control volume are stationary, the momentum accumulation 

is zero. Otherwise, the momentum accumulation term is 

evaluated by integration, and an appropriate vector is added to the 

momentum diagram. 

Sketch momentum flow vectors on the momentum diagram.  

Systematic approach 
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6.3 Applications 

• Fluid jets 

• Nozzles 

• Vanes 

• Pipe bends 

• Drag force on wind tunnel models 

• Force on a sluice gate 
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