
57:020 Mechanics of Fluids and Transport  Fall 2009 

EXAM1    Solutions 
 

Problem 1: Shear stress (Chapter 1) 

Information and assumptions 

ݑ • ൌ ଷଶ 1 െ ቀ௬ቁଶ൨ 

 lb⋅s/ft2 0.04 = ߤ •

• V = 2 ft/s 

• h = 0.2 in 

• A = 2 ft2 

Find 
• The shear stress at the midplane and the shear-force acting on the bottom wall 

Solution 
  ߬ ൌ ߤ  ݕ݀ݑ݀

(+4 points) 
(a) Along the midplane where y = 0, ݀ݕ݀ݑ ൌ െ ଶ݄ݕ3ܸ ൰௬ୀ ൌ 0 

Thus, ߬ ൌ 0 
(+2 points) 

(b) At the bottom wall where y = -h ݀ݕ݀ݑ ൌ െ ଶ݄ݕ3ܸ ൰௬ୀି ൌ 3ܸ݄
 

Thus, ߬ ൌ ߤ ൬3ܸ݄൰ ൌ ሺ0.04 lb ڄ s ftଶ⁄ ሻ ሺ3ሻሺ2 ft s⁄ ሻሺ0.2 in. ሻሺ1 ft 12 in.⁄ ሻ ൌ 14.4 lb ftଶ⁄  

(+2 points) 
Then, the shear-force is 
ܨ  ൌ ߬ ڄ ܣ ൌ ሺ14.4 lb ftଶ⁄ ሻሺ2 ftଶሻ ൌ 28.8 lb 

(+2 points) 
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EXAM1    Solutions 
 
Problem 2: Hydrostatic force (Chapter 2) 

Information and assumptions 
 kN/m3 9.81 = ߛ •

• Wall width ܽ = 150 m 

• Water depth = 25 m 

• Wall slant angle = 60°  

௫ܫ • ൌ యଵଶ   
Find 

• The force acting on the wall and its line of action  

Solution 
Let ܽ ൌ 150 m and ܾ ൌ 25 m sin ⁄ל60 ൌ 28.87 m be the width and the length of the wall sur-
face underwater, respectively. 
 
(a) ܨோ ൌ ൌ ܣ݄ߛ ሺ9.81 kN mଷ⁄ ሻ ൬25 m2 ൰ ሺ150 m ൈ 28.87 mሻ ൌ 5.31 ൈ 10଼ N 

(+ 4 points) ݕோ ൌ ܣݕ௫ܫ  ݕ  

where, ܫ௫ ൌ ܾܽଷ12 ൌ ሺ150 mሻሺ28.87 mሻଷ12 ൌ 300780.98 mସ ݕ ൌ 2ܾ ൌ 28.87 m2 ൌ 14.435 m ܣ ൌ ܾܽ ൌ 150 m ൈ 28.87 m ൌ 4330.5 mଶ 
Thus, ݕோ ൌ 300780.98 ݉ସሺ14.435 mሻሺ4330.5 mଶሻ  14.435 m ൌ 19.25 m 

(+5 points) 
(b) ܨு ൌ ோܨ ڄ sin ל60 ൌ 4.60 ൈ 10଼ N 

(+1 point) 
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EXAM1    Solutions 
 
Problem 3: Bernoulli equation (Chapter 3) 

Information and assumptions 
• Width b = 6.0 m 

• Height h = 5.0 m 

• Gate opening height a = 0.8 m 

• Contraction coefficient Cc = 0.61 
 

Find 
• Flow rate ܳ 

Solution 
 

From Bernoulli equation, ଵߛ  ଵܸଶ2݃  ଵݖ ൌ ߛଶ  ଶܸଶ2݃   ଶݖ

 
where, ଵ ൌ ଶ ൌ ଵݖ ,0 ൌ ݄ ൌ 5 m, and ݖଶ ൌ ܽܥ ൌ 0.61 ൈ 0.8 m ൌ 0.488 m. 

(+4 points) 
 
From the continuity equation, ܣଵ ଵܸ ൌ ଶܣ ଶܸ 
  ଶܸ ൌ ܽܥܾ݄ܾ ଵܸ ൌ 5 m0.488 m ଵܸ ൌ 10.25 ଵܸ 

(+2 points) 
 
Then, the Bernoulli equation becomes, ଵܸଶ2ሺ9.81 m sଶ⁄ ሻ  5 m ൌ ሺ10.25 ଵܸሻଶ2ሺ9.81 m sଶ⁄ ሻ  0.488 m 

or, ଵܸ ൌ 0.922 m s⁄  
(+3 points) 

Hence ܳ ൌ ଵܣ ଵܸ ൌ ሺ6 mሻሺ5 mሻሺ0.922 m ⁄ݏ ሻ ൌ 27.66 mଷ ⁄ݏ  

(+1 point)
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Problem 4: Acceleration (Chapter 4) 

Information and assumptions 
• Streamline coordinate 
ݏ • ൌ 0.6݁ି.ହ௧ 
• Particle velocity ܸሺݐሻ ൌ ௗ௦ௗ௧ 
• Fluid velocity ܸሺݏሻ ൌ െ0.5ݏ 

Find 
• ܸሺݐሻ at 1 = ݐ sec 

• ܸሺݏሻ at 1 = ݏ ft 

• Fluid acceleration ܽ௦ at 1 = ݏ ft 

Solution 
 

(a)  

ܸሺݐሻ ൌ ൰௧ୀଵݐ݀ݏ݀ ൌ െ0.3݁ି.ହൈଵ ൌ െ0.182 ft s⁄  

(+3 points) 

(b)  ܸሺݏሻ|௦ୀଵ ൌ െ0.5 ൈ 1 ൌ െ0.5 ft s⁄  

(+2 points) 

(c)  

ܽ௦ ൌ ܸ ݏܸ߲߲  

ܽ௦ ൌ ܸ ݏܸ߲߲ ൰௦ୀଵ ൌ ሺെ0.5 ൈ 1ሻሺെ0.5ሻ ൌ 0.25 ft sଶ⁄  

(+5 points) 
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