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Oil flows at a steady mass flow rate �̇�𝑚 
through a 90o elbow with at constant speed 
𝑉𝑉. The pipe has cross sectional area 𝐴𝐴. The 
gauge pressures at the inlet and outlet are 
𝑝𝑝1,𝑝𝑝2. The weight of the elbow and oil is 𝑊𝑊.

What force in the y-direction (𝑅𝑅𝑦𝑦) is 
required to hold the elbow in place?

a) 𝑅𝑅𝑦𝑦 = �̇�𝑚𝑉𝑉 + 𝑊𝑊 + 𝑝𝑝1𝐴𝐴
b) 𝑅𝑅𝑦𝑦 = �̇�𝑚𝑉𝑉 + 𝑊𝑊 − 𝑝𝑝1𝐴𝐴
c) 𝑅𝑅𝑦𝑦 = −�̇�𝑚𝑉𝑉 + 𝑊𝑊 + 𝑝𝑝1𝐴𝐴
d) 𝑅𝑅𝑦𝑦 = −�̇�𝑚𝑉𝑉 −𝑊𝑊 − 𝑝𝑝1𝐴𝐴

Concept Problem: Conservation of Linear Momentum

(I’ll also consider 𝑅𝑅𝑥𝑥, the flange bolt forces in the x-direction.)

= 𝑸𝑸/𝑨𝑨



Free Body Diagram

Conservation of Linear Momentum

Pressure Acts Inward Pressure Acts in Flow Direction?Pressure Acts Outward? ?

Correct!

Internal pressure will
put flange bolts in tension!



• All forces applied to C.V.
-  Unknown forces 𝑅𝑅𝑦𝑦 ,𝑅𝑅𝑥𝑥
- Weight & pressure forces
-  Must use gauge pressures 
    (Why? See link in description)

• Conservation of momentum in 𝑦𝑦-direction. Steady flow, one inlet and one outlet:

    ∑𝐹𝐹𝑦𝑦 = �̇�𝑚 𝑣𝑣𝑜𝑜𝑜𝑜𝑜𝑜 − �̇�𝑚 𝑣𝑣𝑖𝑖𝑖𝑖 = �̇�𝑚 𝑣𝑣2 −  𝑣𝑣1 = �̇�𝑚 𝑉𝑉

    ∑𝐹𝐹𝑦𝑦 = 𝑅𝑅𝑦𝑦 − 𝑝𝑝1𝐴𝐴 −𝑊𝑊 = �̇�𝑚 𝑉𝑉 

𝑎𝑎) 𝑅𝑅𝑦𝑦 = 𝑝𝑝1𝐴𝐴 + 𝑊𝑊 + �̇�𝑚 𝑉𝑉

Conservation of Linear Momentum
Control
Volume

Answer

0 −𝑉𝑉

All forces on C.V.
in y-direction

+



Although 𝑹𝑹𝒙𝒙 was not required…

• Conservation of momentum in 𝑥𝑥-direction: 

   ∑𝐹𝐹𝑥𝑥 = �̇�𝑚 𝑢𝑢𝑜𝑜𝑜𝑜𝑜𝑜 − �̇�𝑚 𝑢𝑢𝑖𝑖𝑖𝑖 = �̇�𝑚 𝑢𝑢2 −  𝑢𝑢1 = �̇�𝑚 𝑉𝑉

         ∑𝐹𝐹𝑥𝑥 =  𝑅𝑅𝑥𝑥 − 𝑝𝑝2𝐴𝐴 = �̇�𝑚 𝑉𝑉 
 

𝑅𝑅𝑥𝑥 = 𝑝𝑝2𝐴𝐴 + �̇�𝑚 𝑉𝑉

Conservation of Linear Momentum

Answer

𝑉𝑉 0

Control
Volume

+



• 𝑅𝑅𝑥𝑥 and 𝑅𝑅𝑦𝑦 are the reaction forces required to hold the elbow place i.e., the bolt forces at the two flanges

• Linear momentum analysis can only tell you the total force in each direction:

          𝑅𝑅𝑥𝑥 = 𝑅𝑅𝑥𝑥1 + 𝑅𝑅𝑥𝑥2
 
          𝑅𝑅𝑦𝑦 = 𝑅𝑅𝑦𝑦1 + 𝑅𝑅𝑦𝑦2
  

Conservation of Linear Momentum

Flange Bolts
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