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Quiz 5. Water at 20°C flows through an elbow and exits to the atmosphere (ଶ = 0 gage).  The pipe di-
ameter is ܦଵ = 10 cm, while Dଶ = 3 cm.  At a mass flow rate ሶ݉  of 15.3 kg/s, the pressure ଵ = 2.3 
atm (gage).  Neglecting the weight of water and elbow, estimate the horizontal force on the 
flange bolts ܨ௧௦ at section 1.  (Hint: ߩ௪௧  = 998 Kg/m3, 1 atm = 101,350 N/m2) 

                          

Solution: 

From the x-direction force balance, ∑ܨ௫ ൌ െܨ௧௦  ଵܣଵ ൌ ሶ݉ ଶݑ െ ሶ݉ ଵ               ሺݑ ଶ ൌ 0 ݃ܽ݃݁ሻ 

where, 

ଵݑ ൌ ଵܣܳ ൌ ሶ݉ ଵଶܦߨ⁄ߩ 4⁄ ൌ 15.3 kg s⁄998 kg mଷ⁄ ൈ ሺ0.1 mሻଶߨ4 ൌ 1.95 m s⁄  

ଶݑ ൌ െ ଶܣܳ cos ל40 ൌ െ ሶ݉ ଶଶܦߨ⁄ߩ 4⁄ cos ל40 ൌ െ 15.3 kg s⁄998 kg mଷ⁄ ൈ ሺ0.03 mሻଶߨ4 ൈ cos ל40 ൌ െ16.6 m s⁄  

Thus, ܨ௧௦ ൌ ଵܣଵ  ሶ݉ ሺݑଵ െ  ଶሻݑ

ൌ ሺ2.3 ൈ 101350 N mଶ⁄ ሻ ൈ ሺ0.1 mሻଶ4ߨ  15.3 kg s⁄ ൈ ሺ16.6  1.95ሻ m s⁄ ൌ 2115 N 

Ans) ࢙࢚࢈ࡲ ൌ  ۼ 

ܸܣ ൌ ܳ ൌ  ݐ݊ܽݐݏ݊ܿ

ܨ∑ ൌ  ܸ ܸߩ ڄ ௌܣ  

ߛଵ  ଵܸଶ2݃  ଵݖ ൌ ߛଶ  ଶܸଶ2݃  ଶݖ  ݄ 

For steady incompressible flow (uniform flow over CS),

Continuity equation: 

Momentum equation: 

Energy equation: 

* You may or may not need all equations 

 ௧௦ܨ

CV 
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