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❑ Reynolds Transport Theorem
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❑ Conservation of Momentum
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• Integral form of the Mass Conservation Equation:

• Newton’s second law states that: 
[Time change rate of momentum of a system] = [Resultant external force acting on the system] 
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Reynolds Transport Theorem:
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❑ Conservation of Momentum – Integral form
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• Integral form of the Momentum Conservation Equation
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❑ Conservation of Momentum – Integral form
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❑ Conservation of Momentum – Integral form

. . . .

( ) surface body

C V C S

V dV V V dA F F
t

 


+ • = +


  

Problem Solution:
1. Chose a control volume:
2. Applying momentum conservation equation. 
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❑ Conservation of Momentum – Integral form

Example Problem: 
A  static thrust stand as shown in the Figure is to be designed for testing a jet engine. The flow 
conditions are known for a typical test: The intake flow velocity = 200m/s; exhaust gas velocity 
= 500 m/s; inlet cross-section area = 1.0 m2; intake static pressure = -22.5 kPa (gauge) = 78.5 
kPa(absolute); intake temperature = 268K; exhaust static pressure = 0 kPa =101 kPa(absolute). 
Estimate the thrust force generated by the  jet engine on a static thrust stand.

500 m/s

Pgage=-22.5Pa
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❑ Conservation of Momentum – Integral form
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Problem Solution:
1. Chose a control volume:
2. Applying momentum conservation equation. 

•Since the flow is steady, the momentum equation is simplified as:

•  Forces along X- direction:

1 1 2 2x thrustF F P A P A= + −
•  Momentum along X- direction:

1 2

1 1 1 1 1 2 2 2 2

. .

1 1 1 2 2 2

2 1 2 1 1 1 2 2

. .

( ) ( ) ( )

: ( ) ( ) ( )

C S A A

thrust

C S

u V dA u V dA u V dA V AV V A V

based on consevation of mass mass flowrate m AV A V

Therefore u V dA m V V F m V V P A P A

    

 



• = • + • = − +

 = =

• = −  = − − +

  





Copyright © by Dr. Hui Hu @ Iowa State University. All Rights Reserved!

❑ Conservation of Momentum – Integral form

Problem Solution - continue:
1. Chose a control volume:
2. Applying momentum conservation equation. 

2 1 1 1 2 2( )thrustF m V V P A P A= − − +
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h=10 m

h=10 m

❑ Conservation of Momentum – Integral form

• https://www.youtube.com/watch?v=8fk2J5LtdSg

• Airfoil aerodynamics

https://www.youtube.com/watch?v=8fk2J5LtdSg

	Slide 1: Lecture #07:      Conservation of Momentum
	Slide 2: Reynolds Transport Theorem
	Slide 3: Conservation of Momentum
	Slide 4: Conservation of Momentum – Integral form
	Slide 5: Conservation of Momentum – Integral form
	Slide 6: Conservation of Momentum – Integral form
	Slide 7: Conservation of Momentum – Integral form
	Slide 8: Conservation of Momentum – Integral form
	Slide 9: Conservation of Momentum – Integral form
	Slide 10: Conservation of Momentum – Integral form

