
57:020 Mechanics of Fluids and Transport  Fall 2008 

EXAM2    Solutions 
 

Problem 1: Momentum equation (Chapter 5) 

Information and assumptions 
 ଵ = 8 cmܦ •

 ଶ = 5 cmܦ •

 ଶ = 1 atm݌ •

• ଵܸ = 5 m/s 

• ݄ = 58 cm 

௠௘௥௖௨௥௬ߩ •  = 13,546 Kg/m3 

௪௔௧௘௥ߩ •  = 998 Kg/m3 

Find 
• The total horizontal force resisted by the flange bolts 

Solution 
a) Manometer: 

ଵ݌  െ ଶ݌ ൌ ൫ߛ௠௘௥௖௨௥௬ െ ௪௔௧௘௥൯݄ߛ ൌ ൫ߩ௠௘௥௖௨௥௬ െ ௪௔௧௘௥൯݃ߩ ڄ ݄ 

  ൌ ሺ13,546 െ 998ሻ ቀK୥୫యቁ ቀ9.81 ୫ୱమቁ ሺ0.58 mሻ ൌ 71,300 Pa (gage)   

׵  ଵ݌ ൌ 71,300 Pa ሺgageሻ and ݌ଶ ൌ 0 Pa ሺgageሻ     (+2 points) 

 

b) Conservation of mass: 

 ܳଵ ൌ ܳଶ ൌ ܳ,  or  ቀ5 ௠௦ ቁ ቀగସቁ ሺ0.08 ݉ሻଶ ൌ ଶܸ ቀగସቁ ሺ0.05 ݉ሻଶ 

Solve for ଶܸ 

 ଶܸ ൌ 12.8 ݉ ⁄ݏ     ܳ ൌ ଶܸܣଶ ൌ ቀ12.8 ௠௦ ቁ ቀగସቁ ሺ0.05 ݉ሻଶ ൌ 0.0251 ௠య௦      (+3 points) 

 

c) Momentum equation: 

௫ܨ∑  ൌ െܨ௕௢௟௧ ൅ ଵܣଵ,௚௔௚௘݌ ൌ ሺߩ௪௔௧௘௥ܳሻሺ ଶܸ െ ଵܸሻ 

௕௢௟௧ܨ  ൌ ቀ71,300 ே௠మቁ ቀగସቁ ሺ0.08 ݉ሻଶ െ ቀ998 ௄௚௠యቁ ቀ0.0251 ௠య௦ ቁ ሺ12.8 െ 5.0ሻ ቀ௠௦ ቁ 

׵  ௕௢௟௧ܨ ൌ ૚૟૜ ۼ        (+5 points)
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EXAM2    Solutions 
 
Problem 2: Energy equation (Chapter 5) 

Information and assumptions 
  0.68 = ܩܵ •

• ܳ = 0.12 m3/s 

• ݄௅ = 0.3 ଵܸଶ 2݃⁄  

• ሶܹ௣ = 20 kW 

  Kg/m3 for water at 20°C 999 = ߩ •

 ଶ = 0.2 mܦ ;ଵ = 0.1 mܦ •

ଶݖ • െ  ଵ = 3 mݖ

• ݃ = 9.81 m/s2 

Find 
• The difference in pressures between sections (1) and (2) 

Solution 
a) Continuity equation 

 ଶܸ ൌ ொ஺మ ൌ ொగ஽మమ ସ⁄ ൌ ଴.ଵଶ ୫య ୱ⁄ሺగ ସ⁄ ሻሺ଴.ଶ ୫ሻమ ൌ 3.82 m s⁄  

 ଵܸ ൌ ଶܸ ஺మ஺భ ൌ ଶܸ ቀ஽మ஽భቁଶ ൌ ሺ3.82 m s⁄ ሻ ቀ଴.ଶ ୫଴.ଵ ୫ቁଶ ൌ 15.28 m s⁄    (+2 points) 

b) Pump head 

 ݄௣ ൌ ௐሶ ೛௠ሶ ௚ ൌ ௐሶ ೛ሺௌீڄఘሻ௚ொ ൌ ଶ଴,଴଴଴ Nڄ୫ ୱ⁄ሺ଴.଺଼ൈଽଽଽK୥ ୫య⁄ ሻሺଽ.଼ଵ୫ ୱమ⁄ ሻሺ଴.ଵଶ୫య ୱ⁄ ሻ ൌ 25.01 m  (+2 points) 

c) Head loss 

 ݄௅ ൌ 0.3 ௏భమଶ௚ ൌ ሺ଴.ଷሻሺଵହ.ଶ଼୫ ୱ⁄ ሻమሺଶሻሺଽ.଼ଵ୫ ୱమ⁄ ሻ ൌ 3.57 m      (+2 points) 

d) Energy equation 

 
௣భఊ ൅ ௏భమଶ௚ ൅ ଵݖ ൅ ݄௣ ൌ ௣మఊ ൅ ௏మమଶ௚ ൅ ଶݖ ൅ ݄௧ณୀ଴ ൅ ݄௅ 

ଵ݌  െ ଶ݌ ൌ ሺܵܩ ڄ ሻߩ ڄ ݃ ቂ௏మమି௏భమଶ௚ ൅ ሺݖଶ െ ଵሻݖ െ ݄௣ ൅ ݄௅ቃ 

  ൌ ሺ0.68ሻ ቀ999 K୥୫యቁ ቀ9.81 ୫ୱమቁ ቂሺଷ.଼ଶ୫ ୱ⁄ ሻమିሺଵହ.ଶ଼୫ ୱ⁄ ሻమሺଶሻሺଽ.଼ଵ୫ ୱమ⁄ ሻ ൅ 3 m െ 25.01 m ൅ 3.57 mቃ 

  ൌ െ૚ૢૠ ܉۾ܓ        (+4 points) 
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EXAM2    Solutions 
 
Problem 3: Exact solution (Chapter 6) 

Information and assumptions 
  Kg/m3 1,260 = ߩ •

  N⋅s/m2 1.50 = ߤ •

 m 0.075 = ܦ •

ሻݎሺݑ • ൌ ௨ౣ౗౮ோమ ሺܴଶ െ  ଶሻݎ

 ୫ୟ୶ = 1.0 m/sݑ •

 m 10 = ܮ •

Find 
• Wall shear stress ߬௪, pressure drop Δ݌, and head loss ݄௅ 

Solution 
(a) Wall shear stress 

 ߬௪ ൌ ߤ ቀെ ௗ௨ௗ௥ቁ௥ୀோ ൌ ߤ ௨ౣ౗౮ோమ ሺ2ݎሻ௥ୀோ ൌ ଶఓ௨ౣ౗౮ோ  

       ൌ ሺଶሻ൫ଵ.ହ Nڄୱ ୫మ⁄ ൯ሺଵ ୫ ୱ⁄ ሻሺ଴.଴଻ହ ଶ⁄ ሻ୫ ൌ ૡ૙. ૙   ૛       (+3 points)ܕۼ

(b) Pressure difference 

 ሺ݌ଵ െ ଶሻܴߨଶሻሺ݌ െ ߬௪ሺ2ܮܴߨሻ ൌ ׶)  0 ଵܸ ൌ ଶܸ) 

 Δ݌ ൌ ଵ݌ െ ଶ݌ ൌ ߬௪ ଶ௅ோ ൌ ቀ80.0 N୫మቁ ሺଶሻሺଵ଴ ୫ሻሺ଴.଴଻ହ ଶ⁄ ሻ୫ ൌ ૝૛, ૟૟ૠ ܉۾   (+4 points)  

(c) Head loss 

 
௣భఊ ൅ ଵߙ ௏భమଶ௚ ൅ ଵݖ ൅ ݄௣ ൌ ௣మఊ ൅ ଶߙ ௏మమଶ௚ ൅ ଶݖ ൅ ݄௧ ൅ ݄௅ (׶ ଵߙ ଵܸ ൌ ଶߙ ଶܸ, ݖଵ ൌ ଶ, ݄௣ݖ ൌ ݄௧ ൌ 0) 

 ݄௅ ൌ ଵఊ ሺ݌ଵ െ ଶሻ݌ ൌ ୼௣ఘ௚ ൌ ସଶ,଺଺଻ N ୫మ⁄ሺଵ,ଶ଺଴ K୥ ୫య⁄ ሻሺଽ.଼ଵ ୫ ୱమ⁄ ሻ ൌ ૜. ૝૞ ܕ   (+3 points)  
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Problem 4: Dimensional analysis (Chapter 7) 

Information and assumptions 
• ܳ ൌ ݂ሺܪ, ܾ, ݃ሻ 
• ܳ ൌሶ    ଷܶିଵܮ
ܪ • ൌሶ  ܮ
• ܾ ൌሶ  ܮ
• ݃ ൌሶ  ଶିܶܮ

Find 
• A suitable set of dimensionless variables 

Solution 
 ܳ ൌ ݂ሺܪ, ܾ, ݃ሻ  

where, 

 ܳ ൌሶ ܪ ;ଷܶିଵܮ ൌሶ ܾ  ;ܮ  ൌሶ ݃  ;ܮ ൌሶ  ଶିܶܮ

From the Pi theorem, ݇ – 2 = 2 – 4 = ݎ Pi terms required.      (+ 5 points) 

a) Πଵ ൌ ௔݃௕ܪܳ  

  ሺܮଷܶିଵሻሺܮሻ௔ሺିܶܮଶሻ௕ ൌ  ଴ܶ଴ܮ଴ܯ

  3 ൅ ܽ ൅ ܾ ൌ 0  (for ܮ) 
  െ1 െ 2ܾ ൌ 0   (for ܶ) 

and ܽ ൌ െ ହଶ and ܾ ൌ െ ଵଶ 

׵  મ૚ ൌ           ૚૛ࢍ૞૛ࡴࡽ

b) Πଶ ൌ  ௔݃௕ܪܾ

  ሺܮሻሺܮሻ௔ሺିܶܮଶሻ௕ ൌ  ଴ܶ଴ܮ଴ܯ

  1 ൅ ܽ ൅ ܾ ൌ 0  (for ܮ) 
  െ2ܾ ൌ 0  (for ܶ)  

and ܽ ൌ െ1 and ܾ ൌ 0 

׵  મ૛ ൌ           ࡴ࢈

Thus, 

 
૚૛ࢍ૞૛ࡴࡽ ൌ ࣘ ቀࡴ࢈ቁ          (+5 points) 
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