
57:020 Mechanics of Fluids and Transport  Fall 2007 

EXAM2    Solutions 
 
Problem 1: Momentum equation (Chapter 5) 

Information and assumptions 
• Frictionless flow 

ଵܦ • ൌ 10 cm ൌ 0.1 m 
ଶܦ • ൌ 3 cm ൌ 0.03 m 
• ܳ ൌ 1.5 mଷ min⁄ ൌ 0.025 kg s⁄  
௪௧ߩ • ൌ 1000 kg mଷ ⁄  
ଶ • ൌ 0 ሺgageሻ 

Find 
• The force ܨ exerted by the flange bolts 

Solution 
x-momentum equation: 

 െܨ  ଵܣଵ ൌ ሶ݉ ሺ ଶܸ െ ଵܸሻ         

where, 

 ሶ݉ ൌ ܳߩ ൌ 1000 kg mଷ⁄ ൈ ሺ0.025 mଷ s⁄ ሻ ൌ 25 kg s⁄   

 ଵܸ ൌ ொభ ൌ .ଶହ୫య ୱ⁄గሺ.ଵ ୫ሻమ ସ⁄ ൌ 3.18 m s⁄   

 ଶܸ ൌ ொమ ൌ .ଶହ୫య ୱ⁄గሺ.ଷ ୫ሻమ ସ⁄ ൌ 35.37 m s⁄       (+5 points) ଵ can be determined by using the Bernoulli equation: 

ଵ   ଵଶ ߩ ଵܸଶ  ଵݖ ൌ ଶ  ଵଶ ߩ ଶܸଶ    ଶݖ

Since the hose is horizontal, ݖଵ ൌ ଶ ଶ andݖ ൌ ௧ ൌ 0 gage 

ଵ  ൌ ଵଶ ሺߩ ଶܸଶ െ ଵܸଶሻ        

      ൌ ଵଶ ൈ 1000 kg mଷ ⁄ ൈ ሾሺ35.37 m s⁄ ሻଶ െ ሺ3.18 m s⁄ ሻଶሿ ൌ 620,462 Pa   (+4 points) 

Thus, ܨ ൌ ଵܣଵ െ ሶ݉ ሺ ଶܸ െ ଵܸሻ 

      ൌ 620462 ܰ ݉ଶ⁄ ൈ ሺ0.1 ݉ሻଶ4ߨ െ 25 ݇݃ ⁄ݏ ൈ ሺ35.37 m s⁄ െ 3.18 m s⁄ ሻ 

       ൌ ૡ ۼ         (+1 point) 
  



57:020 Mechanics of Fluids and Transport  Fall 2007 

EXAM2    Solutions 
 
Problem 2: Energy equation (Chapter 5) 

Information and assumptions 
• ܳ ൌ 2.5 ftଷ s⁄  
• loss ൌ 61 തܸ ଶ 2⁄   
ଶݖ • െ ଵݖ ൌ 50 ft 
ܦ • ൌ 8 in 
ଵ • ൌ ଶ ൌ  ௧
• The reservoirs are large enough ⇒ ଵܸ ൎ ଶܸ ൎ 0 

Find 
• Shaft power ሶܹ ௦ 

 

Solution 
Energy equation: ଶߩ  ଶܸଶ2  ଶݖ݃ ൌ ߩଵ  ଵܸଶ2  ଵݖ݃  ௦ݓ െ loss 

where,  ଵ ൌ ଶ ൌ ௧ ൌ 0 ሺgageሻ and ଵܸ ൎ ଶܸ ൎ 0 since the reservoirs are large enough. 

The required shaft power is 

 ሶܹ ௦ ൌ ሶ݉ ௦ݓ ൌ ሶ݉ ሾ݃ሺݖଶ െ ଵሻݖ  lossሿ       (+6 points) 

where, 

 ሶ݉ ൌ ܳߩ ൌ 1.94 slugs ftଷ⁄ ൈ 2.5 ftଷ s⁄ ൌ 4.85 slugs s⁄  

 തܸ ൌ ܳ ⁄ܣ ൌ ସொగమ ൌ ସൈଶ.ହ୲య ୱ⁄గൈሺ଼ ଵଶ⁄  ୲ሻమ ൌ 7.162 ft s⁄  

 loss ൌ 61 തܸ ଶ 2⁄ ൌ 61 ൈ ሺ.ଵଶ୲ ୱ⁄ ሻమଶ ൌ 1564.5 ftଶ sଶ⁄     (+3 points) 

or 

 ሶܹ ௦ ൌ 4.85 slugs s⁄ ൈ ሾ32.2 ft sଶ ൈ 50 ft⁄  1564.5 ftଶ sଶ⁄ ሿ ൌ 15396 slugs ڄ ftଶ sଷ⁄   

      ൌ 15396 slugs ڄ ftଶ sଷ⁄ ൈ ଵ ୦୮ହହୱ୪୳ୱڄ୲మ ୱయ⁄ ൌ ૡ ܘܐ     (+1 points) 

  



57:020 Mechanics of Fluids and Transport  Fall 2007 

EXAM2    Solutions 
 
Problem 3: Bernoulli equation and manometer (Chapter 3) 

Information and assumptions 
• Steady (߲ ⁄ݐ߲ ൌ 0), fully developed (߲ ⁄ݔ߲ ൌ 0) 
• 2-D flow (ݓ ൌ 0, ߲ ⁄ݖ߲ ൌ 0) 
ߤ • ൌ 0.38 N ڄ s mଶ⁄  
• ݄ ൌ 0.004 m 
• Δ ℓ⁄ ൌ െ ݀ ⁄ݔ݀ ൌ 20,000 Pa m⁄  

Find 
• Velocity distribution 

• Maximum velocity ݑ௫  

Solution 
Since flow is steady, fully developed, 2-D, the Navier-Stokes equations reduce to 

ߤ  2ݕ݀ݑ2݀ ൌ െ  (points 4+)         ݔ݀݀

By integrating the equation twice with respect to ݕ and using boundary conditions 

ሻݕሺݑ  ൌ ଵଶఓ ቀௗௗ௫ቁ ଶݕ  ݕଵܥ    ଶܥ

B.C. ݑሺ0ሻ ൌ ଶܥ ൌ 0 

ሺ݄ሻݑ   ൌ ଵଶఓ ቀௗௗ௫ቁ ݄ଶ  ଵ݄ܥ ൌ ଵܥ ⇒   0 ൌ െ ߤ12 ቀ݀ݔ݀ቁ ଶܥ ,݄ ൌ 0  

Thus the velocity profile is 

ሻݕሺݑ  ൌ ߤ12 ቀ݀ݔ݀ቁ ݕሺݕ െ ݄ሻ       (+3 points) 

 

The maximum velocity occurs ݕ ൌ 2݄ 

௫ݑ  ൌ ߤ12 ቀ݀ݔ݀ቁ 2݄ ቀ2݄ െ ݄ቁ ൌ െ ߤ28݄ ቀ݀ݔ݀ቁ      (+2 points) 

For the oil (SAE 30), 

௫ݑ  ൌ െ ሺ0.004 mሻ28ൈ0.38Nڄs m2⁄ ൈ ሺെ20000 N mଷ⁄ ሻ ൌ .  ܕ ⁄ܛ    (+ 1 point) 

  



57:020 Mechanics of Fluids and Transport  Fall 2007 

EXAM2    Solutions 
 
Problem 4: Dimensional analysis (Chapter 7) 

Information and assumptions 
ܦ • ൌ ݂ሺߩ, ܷ, ݀ሻ 

Find 
• A relationship for ܦ as a function of ߩ, ܷ, ݀ 

Solution 
From the statement of the problem ܦ ൌ ݂ሺߩ, ܷ, ݀ሻ 

And the dimensions of the variables are ܦ ൌሶ ߩ ଶିܶܮܯ ൌሶ ܷ ଷିܮܯ ൌሶ ݀ ଵିܶܮ ൌሶ  ܮ

Number of pi terms = ݇ െ ݎ ൌ 4 െ 3 ൌ 1 

 Π ൌ  ܷ݀         (+6 points)ߩܦ

It follows that ሺିܶܮܯଶሻሺିܮܯଷሻሺିܶܮଵሻሺܮሻ ൌ  ܶܮܯ

and                   1  ܽ ൌ 0 (for ܯ) 1 െ 3ܽ  ܾ  ܿ ൌ 0 (for ܮ)                െ2 െ ܾ ൌ 0 (for ܶ) 

so that ܽ ൌ െ1, ܾ ൌ െ2, ܿ ൌ െ2, and therefore      (+3 points) 

Π ൌ  ଶ݀ଶܷߩܦ

Thus, the drag will increase by a factor of 4 if ܷ is doubled.    (+1 points) 

ߩ ݀
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