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Lecture # 10: Conservation Equations of Mass and

Momentum in Differential Form-P2
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❑ Conservation of Mass

• Applying Guess divergence theorem, we convert the surface 

integral to volume integral to obtain:
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• Physical principle: Mass can be neither created or destroyed.

. . . .

( ) 0
C V C S

dV V dA
t





+ • =

 

• Differential form of the mass conservation equation 

(or continuity equation): 

• Integral form:
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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:

 
bodysurface

SCVC

FFAdVVVdV
t


+=•+






....

)( 



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

❑ The Navier-Stokes Equations
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• Newtonian and non-Newtonian fluids
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❑ THE NAVIER-STOKES EQUATION IN CARTESIAN COORDINATE
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❑ EXPANSION OF THE NAVIER-STOKES EQUATION IN CYLINDRIC COORDINATE
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•  -direction: • r -direction: 

• z -direction: 

• Expansion of the Navier-Stokes Equation in Cylindrical Coordinate
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❑ EXPANSION OF THE NAVIER-STOKES EQUATION IN CYLINDRIC COORDINATE
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• Expansion of the Navier-Stokes Equation in Cylindrical Coordinate
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❑ Navier-Stokes Equations

• https://www.youtube.com/watch?v=XoefjJdFq6k

• Navier Stokes Equation | A Million-Dollar Question in Fluid Mechanics

https://www.youtube.com/watch?v=XoefjJdFq6k
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❑ Hagan-Poiseuille Flow

• Hagan-Poisuille flow results when the flow through a circular 
pipe has attained what is called a fully developed profile.

Questions:
• a). Determine the velocity profile in the pipeline.
• b). Determine the pressure drop along the pipeline.
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❑ Hagan-Poiseuille Flow
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❑ Hagan-Poiseuille Flow
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❑ Hagan-Poiseuille Flow
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❑ Hagan-Poiseuille Flow
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❑ Hagan-Poiseuille Flow
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