
57:020 Mechanics of Fluids and Transport  Fall 2008 

EXAM1    Solutions 
 

Problem 1: Shear stress (Chapter 1) 

Information and assumptions 
 C = 1000 kg/m3לுమை@ସߩ ,0.91 = ܩܵ •

 m2/s 10-4 × 8 = ߥ •

• ܷ = 3 m/s, 0.3 = ߜ mm = 3 × 10-4 m 

 m 0.5 = ܮ ,mm = 0.025 m 25 = ܦ •

ݑ • ൌ ௎ఋ  ݕ

• ܲ ൌ  ܣ߬

Find 
• The force ܲ required to pull the shaft at a velocity of 3 m/s. 

Solution 
 

 ܲ ൌ ߬ ڄ  ܣ

Shear stress ߬ 

 ߬ ൌ ߤ ௗ௨ௗ௬          

    ൌ ߤ ௗௗ௬ ቀ௎ఋ ቁݕ ൌ ߤ ௎ఋ         (+6 point) 

 where, ߤ ൌ ߩߥ ൌ ߤ ڄ ܩܵ ڄ  Cלுమை@ସߩ

      ൌ ሺ8 ൈ 10ିସ mଶ s⁄ ሻሺ0.91ሻሺ1000 Kg mଷ⁄ ሻ ൌ 0.728 N ڄ s mଶ⁄    (+2 point) 

׵  ߬ ൌ ሺ0.728 N ڄ s mଶ⁄ ሻ ቀ ଷ ୫ ୱ⁄ଷൈଵ଴షర ୫ቁ ൌ 7280 N mଶ⁄      

Contacting area ܣ 

ܣ  ൌ ܮܦߨ ൌ ሺߨሻሺ0.025 mሻሺ0.5 mሻ ൌ 0.0393 mଶ     

Pulling force 

 ܲ ൌ ߬ ڄ ܣ ൌ ሺ7280 N mଶ⁄ ሻሺ0.0393 mଶሻ ൌ ૛ૡ૟ ۼ    (+2 point) 

  



57:020 Mechanics of Fluids and Transport  Fall 2008 

EXAM1    Solutions 
 
Problem 2: Hydrostatic force (Chapter 2) 

Information and assumptions 
  lb/ft3 62.4 = ߛ •

• Gate weight ܹ = 800 lb 

• panel width ܽ = 4 ft 

• wetted panel height ܾ = 6 ft 

• Slant angle 60° = ߠ  

௫௫ܫ • ൌ ௔௕యଵଶ   
Find 

• The tension in the cable ܶ 

Solution 
Water force ܨோ 

ோܨ  ൌ ܣҧ݌ ൌ          ܣ௖݄ߛ

  where, ݄௖ ൌ ଵଶ ൈ 6 ft ൈ sin ל60 ൌ 2.598 ft  

ܣ    ൌ 6 ft ൈ 4 ft ൌ 24 ftଶ  

׵  ோܨ  ൌ ሺ62.4 lb ftଷ⁄ ሻሺ2.598 ftሻሺ24 ftଶሻ ൌ 3890 lb    (+4 point) 

Center of pressure 

ோݕ  ൌ ூೣ೎௬೎஺ ൅           ௖ݕ

  where, ܫ௫௖ ൌ ௔௕యଵଶ ൌ ሺସ ୤୲ሻሺ଺ ୤୲ሻయଵଶ ൌ 72 ftସ 

ܣ    ൌ ܾܽ ൌ ሺ4 ftሻሺ6 ftሻ ൌ 24 ftଶ 

௖ݕ    ൌ 3 ft        

׵  ோݕ   ൌ ଻ଶ ୤୲రሺଷ ୤୲ሻሺଶସ ୤୲మሻ ൅ 3 ft ൌ 4 ft      (+4 point) 

For equilibrium (∑ܯு ൌ 0)     

 ܶሺ8 ftሻሺsin ሻל60 ൌ ܹሺ4 ftሻሺcos ሻל60 ൅       ோሺ2 ftሻܨ

׵  ܶ ൌ ሺ଼଴଴ ୪ୠሻሺସ ୤୲ሻሺୡ୭ୱ ଺଴לሻାሺଷ଼ଽ଴ ୪ୠሻሺଶ ୤୲ሻሺ଼ ୤୲ሻሺୱ୧୬ ଺଴לሻ ൌ ૚૜૞૙ ܊ܔ    (+2 point) 
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EXAM1    Solutions 
 
Problem 3: Bernoulli equation and manometer (Chapter 3) 

Information and assumptions 
௪௔௧௘௥ߛ • ൌ 9.80 kN mଷ⁄  
ߛ • ൌ 6.67 kN mଷ⁄  for gasolin 

 for manometer fluid 1.07 = ܩܵ •

• Losses in the manometer are negligible 

• Steady, inviscid, incompressible flow 

Find 
• Flow rate ܳ 

Solution 
Manometer 

ଵ݌  ൅ ℓߛ ൅ ௠݄ߛ ൌ ଶ݌ ൅ ሺℓߛ ൅ ݄ሻ     

ଶ݌  െ ଵ݌ ൌ ሺߛ௠ െ          ሻ݄ߛ

    ൌ ሺ9.80 kN mଷ⁄ ൈ 1.07 െ 6.67 kN mଷ⁄ ሻሺ0.02 mሻ ൌ 76.32 N mଶ⁄  (+4 points) 

Bernoulli equation 

ଵ݌  ൅ ఘଶ ଵܸଶ ൅ ଵݖ݃ߩ ൌ ଶ݌ ൅ ఘଶ ଶܸଶ ൅         ଶݖ݃ߩ

Since ଶܸ ൌ 0 and ݖଵ ൌ  ଶ,       (+3 points)ݖ

 ଵܸ ൌ ට2 ሺ௣మି௣భሻఘ ൌ ට2݃ ሺ௣మି௣భሻఊ         

      ൌ ට2 ቀ9.81 ୫ୱమቁ ቀ ଻଺.ଷଶ N ୫మ⁄଺.଺଻ൈଵ଴య N ୫య⁄ ቁ ൌ 0.474 ୫ୱ      (+2 point) 

Flow rate 

 ܳ ൌ ଵܸܣଵ ൌ గସ ଶܦ ଵܸ         

     ൌ ቀగସቁ ሺ0.09 mሻଶ ቀ0.474 ୫ୱ ቁ ൌ ૜. ૙૛ ൈ ૚૙ି૜ ܛ૜ܕ     (+1 point) 

  

(1)    (2) ℓ
ൌ ݄
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EXAM1    Solutions 
 
Problem 4: Acceleration and Euler equation (Chapter 4) 

Information and assumptions 
• One-dimensional flow 

ݑ • ൌ ܷ଴ ቀ1 ൅ ோయ௫యቁ  

• ܷ଴ ൌ 1 m s⁄ , ܴ ൌ 1 m 

Find 
• Fluid acceleration at ݔ = െ2ܴ 

Solution 
 

Acceleration 

 ܽ௫ ൌ ஽௨஽௧ ൌ ݑ డ௨డ௫         (+5 points) 

      ൌ ܷ଴ ቀ1 ൅ ோయ௫యቁ ቀെ3ܷ଴ ோయ௫రቁ ൌ െ ଷ௎బమோ ൬ቀோ௫ቁସ ൅ ቀோ௫ቁ଻൰    (+3 points) 

At ݔ ൌ െ2ܴ, 

 ܽ௫ ൌ െ ሺଷሻሺଵ ௠ ௦⁄ ሻమଵ ௠ ൬ቀ ோିଶோቁସ ൅ ቀ ோିଶோቁ଻൰ ൌ െ૙. ૚૟૝ ࢙࢓૛    (+2 point) 
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