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Quiz 7.  Water flows from a large reservoir through a pipe and then discharges from a nozzle as shown 

below. 
a) What is the discharge of water ܳ? The head loss in the pipe itself is given as ݄ ൌ0.02ሺܮ ⁄ܦ ሻሺܸଶ 2݃⁄ ሻ, where ܮ and ܦ are the length and diameter of the pipe and ܸ is the ve-

locity in the pipe. (Hint: Use the energy eq. between 1 and 3 and continuity between 2 and 3) 
b) What is the gage pressure ଶ at point (2)? (Hint: Assume frictionless flow and use the Ber-

noulli eq. between 2 and 3) 
c) Find the force ܨ exerted by the flange bolts to hold the nozzle. (Use the momentum eq.) 

(Water density ߩ is 1.94 slug/ft3 and gravity ݃ is 32.2 ft/s2 at 60°F) 
 

 
 

 
 
Solution: 

(a) Energy equation between ①and ③: 

 
భఊ  భమଶ  ଵݖ  ݄ ൌ యఊ  యమଶ  ଷݖ  ݄௧  ݄  (1) 

where, ଵ ൌ ଷ ൌ ௧, ଵܸ ൎ 0, ݄ ൌ ݄௧ ൌ 0, and head loss ݄ is 

 ݄ ൌ 0.02 ቀቁ ቀమଶቁ ൌ 0.02 ቀቁ ቀమమଶቁ   (2)  ܸ ൌ ଶܸ through the pipe due to continuity 

ଶܸ is from the continuity between ② and ③ (let ݀ = jet diameter) 

 ଶܸܣଶ ൌ ଷܸܣଷ  ଶܸ ൌ ଷܸ యమ ൌ ଷܸ ቀௗቁଶ
  (3) 

∑ ሶ݉ ௨௧ െ ∑ ሶ݉  ൌ 0 

ܨ∑ ൌ ∑൫ ሶ݉ ܸ൯௨௧ െ ∑൫ ሶ݉ ܸ൯ 

ߛ  ܸଶ2݃  ݖ  ݄ ൌ ߛ  ܸଶ2݃  ݖ  ݄௧  ݄ 

Continuity equation: 

Momentum equation:  

Energy equation: 

③ 
ଷ ② ൌ ௧ ൌ 0 (gage) 

① 

③ ② 
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Then, plugging (2)+(3) into (1) gives 

 ଷܸ ൌ ඨ ଶሺ௭భି௭యሻଵା.ଶቀಽವቁቀವቁర ൌ 33.8 ft s⁄   

 ܳ ൌ ଷܸܣଷ ൌ ଷܸ ቀగସ ݀ଶቁ ൌ .  ܜ ⁄ܛ          

(b) Bernoulli equation between ② and ③: 

 
మఊ  మమଶ  ଶݖ ൌ యఊ  యమଶ    ଷݖ

where, ଷ = 0 gage and ݖଶ ൌ  .ଷݖ

 ଶ ൌ ఊଶ ሺ ଷܸଶ െ ଶܸଶሻ ൌ ఘଶ ଷܸଶ ൬1 െ ቀௗቁଶ൰ ൌ ૡ ܊ܔ ⁄ܜ  gage     

(c) Momentum equation: 

For a control volume which encloses the nozzle as shown below, 

 

௫ܨ∑  ൌ ሶ݉ ଷܸ െ ሶ݉ ଶܸ  

The control volume force valance shows that 

௫ܨ∑  ൌ െܨ    ଶܣଶ

Then, 

 െܨ  ଶܣଶ ൌ ሶ݉ ሺ ଷܸ െ ଶܸሻ 

 ܨ ൌ ଶ ቀగସ ଶቁܦ െ ܳߩ ଷܸ ൬1 െ ቀௗቁଶ൰ ൌ  ܊ܔ      

ଶ
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