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Quiz 7.  The horizontal nozzle in the Figure has D1=10 in and D2 =6 in. 

The inlet pressure p1=60 psia (absolute pressure), and the exit 
velocity V2=85 fps. Compute the tensile force on the flange 
bolts, 𝐹𝐹𝐵𝐵. Assume incompressible steady flow. Density of the 
fluid flowing through the nozzle is 𝜌𝜌 = 1.94 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠/𝑓𝑓𝑡𝑡3 . 

 
• Linear momentum equation: 
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Note: Attendance (+2 points), format (+1 point) 
Solution: 

∑𝐹𝐹𝑥𝑥 = (𝑉𝑉𝑥𝑥𝑚̇𝑚)𝑜𝑜𝑜𝑜𝑜𝑜 − (𝑉𝑉𝑥𝑥𝑚̇𝑚)𝑖𝑖𝑖𝑖        (+3 points) 

Where 

�𝐹𝐹𝑥𝑥 = 𝐹𝐹𝐵𝐵 + 𝑝𝑝1,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝐴𝐴1 − 𝑝𝑝2,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝐴𝐴2 

(𝑉𝑉𝑥𝑥𝑚̇𝑚)𝑖𝑖𝑖𝑖 = (𝑉𝑉1)(𝜌𝜌𝑉𝑉1𝐴𝐴1) = 𝜌𝜌𝐴𝐴1𝑉𝑉12 

(𝑉𝑉𝑥𝑥𝑚̇𝑚)𝑜𝑜𝑜𝑜𝑜𝑜 = (𝑉𝑉2)(𝜌𝜌𝑉𝑉2𝐴𝐴2) = 𝜌𝜌𝐴𝐴2𝑉𝑉22 

Thus, 

𝐹𝐹𝐵𝐵 + 𝑝𝑝1,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝐴𝐴1 − 𝑝𝑝2,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝐴𝐴2 = 𝜌𝜌(𝐴𝐴2𝑉𝑉22 − 𝐴𝐴1𝑉𝑉12)  

or 

𝐹𝐹𝐵𝐵 = 𝜌𝜌(𝐴𝐴2𝑉𝑉22 − 𝐴𝐴1𝑉𝑉12)− 𝑝𝑝1,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝐴𝐴1 + 𝑝𝑝2,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝐴𝐴2     (+1 point) 

From continuity eq. 

𝑉𝑉1𝐴𝐴1 = 𝑉𝑉2𝐴𝐴2          (+1 point) 

∴ 𝑉𝑉1 = �𝐴𝐴2
𝐴𝐴1
� 𝑉𝑉2 = �𝐷𝐷2
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(85) = 30.6 𝑓𝑓𝑓𝑓
𝑠𝑠

     (+1 point) 

Thus, 
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𝐹𝐹𝐵𝐵 = (1.94) �𝜋𝜋 � 3
12
�
2

852 − 𝜋𝜋 � 5
12
�
2

30.62� − (60− 15)(𝜋𝜋(5)2)  = −1773 𝑙𝑙𝑙𝑙 (+1 point) 


