
57:020 Mechanics of Fluids and Transport  Fall 2007 

EXAM1    Solutions 
 

Problem 1: Shear stress (Chapter 1) 

Information and assumptions 
• Newtonian fluid 

 C = 1000 kg/m3לுమை@ସߩ ,0.92 = ܩܵ •

 m2/s 10-4 × 4 = ߥ •

• ܷ = 1 m/s, 2 = ߜ mm = 0.002 m 

• ௨௎ ൌ sin ቀగଶ ௬ఋቁ 

Find 
• The magnitude and direction of the shear-

ing stress developed on the plate 

Solution 
(a) Shear stress 

 ߬ ൌ ߤ ௗ௨ௗ௬ቚ௬ୀ଴         (+6 points) 

     ൌ ߤ ௗௗ௬ ቀܷ sin ቀగଶ ௬ఋቁቁቚ௬ୀ଴  

    ൌ ߤ గଶ ௎ఋ cos ቀగଶ ௬ఋቁቚ௬ୀ଴ ൌ గଶ ௎ఋ ߤ ൌ గଶ ௎ఋ ൫ܵܩ ڄ ுమைߩ ڄ  ൯    (+3 points)ߥ

    ൌ  గଶ ൈ ଵ ୫ ୱ⁄଴.଴଴ଶ ୫ ൈ ሺ0.92 × 1000 kg/mଷ ൈ 4 ൈ 10ିସ  mଶ s⁄ ሻ     

    ൌ 289.0 N/m2         (+0.5 point) 

(b) Direction: acting to right on plate       (+0.5 point) 

  

ݑܷ ൌ sin ቀ2ߨ  ቁߜݕ
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Problem 2: Hydrostatic force (Chapter 2) 

Information and assumptions 
௪௔௧௘௥ߛ •  = 9790 N/m3  

• panel width ܾ = 2 m 

• Slant angle: tan  4/3 = ߠ

௫௫ܫ • ൌ ௕௛యଵଶ   
Find 

• Water force acting on the panel 

• Line of action (center of pressure) 

Solution 
(a) Water force ܨோ 

ோܨ  ൌ ܣҧ݌ ൌ ܣ௖݄ߛ ൌ   ௖ሺܾ݄ሻ       (+3.5 points)݄ߛ

       ൌ 9790 N mଷ⁄ ൈ 2 m ൈ ൫2 m ൈ √3ଶ ൅ 4ଶ m൯        

                     ൌ 195,800 N ൌ ૚ૢ૟ ۼܓ        (+0.5 point) 

 

 (b) Center of pressure 

ோݕ  ൌ ூೣ೎௬೎஺ ൅ ௖ݕ ൌ ௕௛య ଵଶ⁄ሺ௛ ଶ⁄ ሻሺ௕௛ሻ ൅ ௛ଶ       (+5.5 points) 

        ൌ ଶ ୫ൈሺହ ୫ሻయ ଵଶ⁄ሺହ ଶ⁄  ୫ሻൈଵ଴ ୫మ ൅ ହଶ  m        

       ൌ ૜. ૜૜ ܕ         (+0.5 point) 

 

  

ோܨ
݄௖ = 2 m 

ோݕ
௖݄ݕ
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Problem 3: Bernoulli equation and manometer (Chapter 3) 

Information and assumptions 
ுమைߩ • ൌ 998.2 kg mଷ⁄  at 20°C 

ெߩ • ൌ 1360 kg mଷ⁄  at 20°C 

ଵ݌ • ൌ 170 kPa 
• Losses in the manometer are negligible 

• Steady, inviscid, incompressible flow 

Find 
 ܳ ଶ and flow rate݌ •

Solution 
Manometer 

ଶ݌  ൌ ଵ݌ െ ൫ߩெ െ  ுమை൯݄݃        (+1.5 points)ߩ

       ൌ 170,000 Pa െ ሺ1360 െ 998.2ሻ Kg mଷ⁄ ൈ 9.81 m sଶ⁄ ൈ 0.08 m   

       ൌ ૚૟ૢ, ૠ૚૟ ܉۾         (+0.5 points) 

Bernoulli equation 

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

Since ଵܸ ൌ 0 and ݖଵ ൌ         ,ଶݖ

 ଶܸ ൌ ටଶሺ௣భି௣మሻఘಹమೀ          (+6 points) 

Flow rate 

 ܳ ൌ ଶܸܣଶ ൌ ටଶሺ௣భି௣మሻఘಹమೀ ൈ గସ  ଶଶ       (+1.5 points)ܦ

     ൌ ටଶൈሺଵ଻଴,଴଴଴ିଵ଺ଽ,଻ଵ଺ሻ ୔ୟଽଽ଼.ଶ ୏୥ ୫య⁄ ൈ గସ ൈ ሺ0.06 mሻଶ       

     ൌ 0.0021 mଷ s⁄  

     ൌ ૠ. ૟ ܕ૜ ⁄ܚܐ          (+0.5 point) 

  

ሺ1ሻ ሺ2ሻ
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Problem 4: Acceleration and Euler equation (Chapter 4) 

Information and assumptions 
• One-dimensional flow 

ݑ • ൌ ܥ ቀ1 ൅ ଶ௫௅ ቁ ܥ ,ݐ ൌ 1 ft sଶ⁄ ܮ , ൌ 6 in 

• Viscosity effects are negligible 

ߩ • ൌ 1.0 lbm ftଷ⁄  

Find 
• Local and convective accelerations and pres-

sure gradient at ݔ ൌ ௅ଶ and ݐ ൌ 1 s 

Solution 
(a) Local acceleration 

 
డ௨డ௧ ൌ డడ௧ ቂܥ ቀ1 ൅ ଶ௫௅ ቁ ቃݐ ൌ ܥ ቀ1 ൅ ଶ௫௅ ቁ      (+3.5 points) 

 
డ௨డ௧ ቚ௫ୀಽమ,௧ୀଵ ൌ 1 ୤୲ୱమ ൈ ቀ1 ൅ ଶൈ௅ ଶ⁄௅ ቁ ൌ ૛ ܜ܎ ⁄૛ܛ       (+0.5 point) 

 

 (b) Convective acceleration 

ݑ  డ௨డ௫ ൌ ቂܥ ቀ1 ൅ ଶ௫௅ ቁ ቃݐ ൈ డడ௫ ቂܥ ቀ1 ൅ ଶ௫௅ ቁ ቃݐ ൌ ଶ஼మ௧మ௅ ቀ1 ൅ ଶ௫௅ ቁ   (+3.5 points) 

ݑ  డ௨డ௫ቚ௫ୀಽమ,௧ୀଵ ൌ ଶൈ൫ଵ ୤୲ ୱమ⁄ ൯మൈሺଵ ୱሻమଵ ଶ⁄  ୤୲ ൈ ቀ1 ൅ ଶൈ௅ ଶ⁄௅ ቁ ൌ ૡ ܜ܎ ⁄૛ܛ    (+0.5 points) 

 

 (c) Pressure gradient 

 
ௗ௣ௗ௫ ൌ െߩ ቀడ௨డ௧ ൅ ݑ డ௨డ௫ቁ 

        ൌ െߩ ቂܥ ቀ1 ൅ ଶ௫௅ ቁ ൅ ଶ஼మ௧మ௅ ቀ1 ൅ ଶ௫௅ ቁቃ  

      ൌ െܥߩ ቀ1 ൅ ଶ௫௅ ቁ ቀ1 ൅ ଶ஼௧మ௅ ቁ       (+1.5 points) 

 
ௗ௣ௗ௫ቚ௫ୀಽమ,௧ୀଵ ൌ െሺ1 lbm ftଷ⁄ ൈ 1 ft sଶ⁄ ሻ ൈ ቀ1 ൅ ଶൈ௅ ଶ⁄௅ ቁ ൈ ቀ1 ൅ ଶൈଵ୤୲ ୱమ⁄ ൈሺଵ ୱሻమଵ ଶ⁄  ୤୲ ቁ 

                    ൌ െ૚૙ ܕ܊ܔ ૛ܜ܎ ڄ ⁄૛ܛ         (+0.5 point) 

ݑ ൌ ݑݐܥ3 ൌ ݐܥ
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