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Quiz 6.  A high-speed channel flow ( ଵܸ, ݕଵ) may “jump” to a low-speed, low-energy condition ( ଶܸ, ݕଶ).  
The pressure at sections 1 and 2 is approximately hydrostatic, and wall friction is negligible.  Find 
(a) ଵܸ and ଶܸ using the continuity and momentum relations and (b) head loss ݄௅ using energy 
equation if ݕଵ = 0.2 m, ݕଶ = 1.0 m, and channel width ܾ = 10m. (ߩ௪௔௧௘௥ ൌ 998 kg mଷ⁄ ) 

 

Solution: 

(a) x-momentum equation:  ݌ҧଵܣଵ െ ଶܣҧଶ݌ ൌ ଵܸሺെߩ ଵܸܣଵሻ ൅ ଶܸሺߩ ଶܸܣଶሻ 

      Continuity equation: ଶܸ ൌ ஺భ஺మ ଵܸ ൌ ௬భ௕௬మ௕ ଵܸ ൌ ௬భ௬మ ଵܸ 

Then, 

ቀߛ ଵ2ݕ ቁ ሺܾݕଵሻ െ ቀߛ ଶ2ݕ ቁ ሺܾݕଶሻ ൌ െߩሺܾݕଵሻ ଵܸଶ ൅ ଶሻݕሺܾߩ ൬ݕଵݕଶ ଵܸ൰ଶ
 

2ܾߛ ଵଶݕ ቈ1 െ ൬ݕଶݕଵ൰ଶ቉ ൌ ଵݕܾߩ ൬ݕଵݕଶ െ 1൰ ଵܸଶ 

2ܾ݃ߩ ଵଶݕ ൬1 െ ଵ൰ݕଶݕ ൬1 ൅ ଵ൰ݕଶݕ ൌ ܾߩ ଶݕଵଶݕ ൬1 െ ଵ൰ݕଶݕ ଵܸଶ 

ଵܸଶற ൌ ଶ2ݕ݃ ൬1 ൅  ଵ൰ݕଶݕ

Thus, ଵܸ ൌ ට௚ଶ ଶݕ ቀ1 ൅ ௬మ௬భቁ ൌ ටଽ.଼ଵ୫ ୱమ⁄ଶ ൈ 1.0 m ൈ ቀ1 ൅ ଵ.଴ ୫଴.ଶ ୫ቁ ൌ ૞. ૝૛ ܕ ⁄ܛ   

 ଶܸ ൌ ௬భ௬మ ଵܸ ൌ ଴.ଶ ୫ଵ.଴ ୫ ൈ 5.42 m s⁄ ൌ ૚. ૙ૡ ܕ ⁄ܛ   
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(b) Energy equation (along free surface):   ݌ଵߛ ൅ ଵܸଶ2݃ ൅ ଵݕ ൌ ߛଶ݌ ൅ ଶܸଶ2݃ ൅ ଶݕ ൅ ݄௅ 

Since ݌ଵ ൌ ଶ݌ ൌ  ௔௧௠݌

ଵܸଶ2݃ ൅ ଵݕ ൌ ଶܸଶ2݃ ൅ ଶݕ ൅ ݄௅ 

׵  ݄௅‡ ൌ 12݃ ሺ ଵܸଶ െ ଶܸଶሻ ൅ ሺݕଵ െ  ଶሻݕ

             ൌ 12 ൈ 9.81 m sଶ⁄ ൈ ሺ5.42ଶ െ 1.08ଶሻ mଶ sଶ⁄ ൅ ሺ0.2 െ 1.0ሻ m ൌ ૙. ૟૝ ܕ 

Note: 

† Froude number 

ଵଶ݊ܨ ൌ ଵܸଶ݃ݕଵ ൌ 12 ଵݕଶݕ ൬1 ൅  ଵ൰ݕଶݕ

ଶଶ݊ܨ ൌ ଶܸଶ݃ݕଶ ൌ ଶݕ1݃ ൬ݕଵݕଶ ଵܸ൰ଶ ൌ ൬ݕଵݕଶ൰ଷ ଵܸଶ݃ݕଵ ൌ ൬ݕଵݕଶ൰ଷ ൤12 ଵݕଶݕ ൬1 ൅ ଵ൰൨ݕଶݕ ൌ 12 ଶݕଵݕ ൬1 ൅  ଶ൰ݕଵݕ

‡ Head loss 

݄௅ ൌ 12݃ ሺ ଵܸଶ െ ଶܸଶሻ ൅ ሺݕଵ െ  ଶሻݕ

      ൌ 12 ێێێۏ
ଵݕۍ ቆ ଵܸଶ݃ݕଵቇᇣᇤᇥி௡భమ

൅ ଶݕ ቆ ଶܸଶ݃ݕଶቇᇣᇤᇥி௡మమ ۑۑۑے
ې ൅ ሺݕଵ െ  ଶሻݕ

      ൌ 12 ൤ݕଵ 12 ଵݕଶݕ ൬1 ൅ ଵ൰ݕଶݕ െ ଶݕ 12 ଶݕଵݕ ൬1 ൅ ଶ൰൨ݕଵݕ ൅ ሺݕଵ െ  ଶሻݕ

      ൌ 14 ൤ݕଶݕଵ ሺݕଵ ൅ ଶሻݕ െ ଶݕଵݕ ሺݕଶ ൅ ଵሻ൨ݕ ൅ ሺݕଵ െ  ଶሻݕ

                     ൌ ሺݕଵ ൅ ଶݕଶሻଶሺݕ െ ଶݕଵݕଵሻ4ݕ ൅ ሺݕଵ െ ଶሻݕ ׶                 ଶଶݕ െ ଵଶݕ ൌ ሺݕଶ ൅ ଶݕଵሻሺݕ െ  ଵሻݕ

      ൌ ሺݕଶ െ ଶݕଵݕଵሻଷ4ݕ  
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