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 Module 5: Reynolds Transport Theorem
 Lecture 14: Momentum theorem examples

 

 

Momentum-Theorem (Example) 
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 Module 5: Reynolds Transport Theorem
 Lecture 14: Momentum theorem examples

  
Momentum-Theorem (Example)

1.  Consider the steady-state flow of water though a  reducing bend. The water-velocity is

uniform at the inlet and outlet cross-section . If the water enters

the bend at  and is discharged at   to the atmosphere, determine the force
required to hold the bend in place or the force acting on the bend. Neglect the weight of the
bend and water in the bend. 

(Fig. 14a)

Choose CV so that CS is perpendicular to the velocity field at the inlet and the outlet. Apply
momentum theorem:

  

Under steady-state, 1st term of the RHS is zero. 
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 Module 5: Reynolds Transport Theorem
 Lecture 14: Momentum theorem examples

  
 Note that , which follows from continuity. Apply continuity under SS: 

Therefore, 

  

  

 
Let us make free-body- diagram on CV

(Fig. 14b)

There are pressure forces acting on  by the water; reaction forces on CV, Rx and Ry
(reaction forces from the support to hold bend in place). Atmospheric pressure acts uniformly over
the entire CV, except on  where the pressure is (absolute). Therefore, add and substract 

 to make the contribution of atmosphere zero on CV. In other words, .
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 Module 5: Reynolds Transport Theorem
 Lecture 14: Momentum theorem examples

  
 

   

 .

 

  to hold the bend in place  

 

2. Consider the flow of an incompressible fluid under steady-state in an expander:

(Fig. 14c)

Fluid-velocity is uniform at the entrance  and at the outlet . Pressures
are considered also uniform at sections 1 and 2 of the nozzle. Atmospheric pressure acts uniformly
on the nozzle. Calculate the pressure drop .

  

Choose CV as shown below:

(Fig. 14d)
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 Module 5: Reynolds Transport Theorem
 Lecture 14: Momentum theorem examples

  
  (velocity everywhere in the smaller cross-section    

Apply continuity over the same CV:
  

Or,   

    

Substitute,  

             neglecting viscous forces (friction on wall)

, neglecting viscous forces.

      

  Equating, Ans.

Choice of CV is important. If CV is chosen so that the CS cuts the nozzle, then there will be
reaction forces, which will be unknown:

(Fig. 14e)

; However there is no viscous force as in the previous case! 

 Weight of the nozzle and the water inside. The latter–CV may be chosen when the question

posed is: determine the force to hold the nozzle in place.  
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