
57:020 Mechanics of Fluids and Transport  Fall 2007 

EXAM #3     December 17, 2007 
 

Problem 1: Surface Tension (Chapter 1) 

 

From the vertical force balance ܴߨߛଶ݄ᇣᇤᇥ୵ୟ୲ୣ୰ ୵ୣ୧୦୲୧୬ୱ୧ୢୣ ୲୦ୣ ୡ୭୪୳୫୬
ൌ ᇣᇤᇥୱ୳୰ୟୡୣ୲ୣ୬ୱ୧୭୬ߪܴߨ2 cos  ߠ

           (+6 points) 

so that 

ܴ ൌ ߪ2 cos ݄ߛߠ  

           (+3 points) 

Since ߠ ൌ  ,it follows that for ݄ = 1.0 mm ל0

ܴ ൌ 2 ൈ 0.0728 N m⁄ ൈ 19789 N mଷ⁄ ൈ 0.001 m ൌ 0.0149 m 

Thus, the minimum required tube diameter, ܦ, is ܦ ൌ 2ܴ ൌ 0.0298 m ൌ ૢ. ૡ ܕܕ 

           (+1 point)
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Problem 2: Similarity (Chapter 7) 
 

 

(a) The similarity requirement is ݀ܦ ൌ  ܦ݀

so that 0.2 in0.5 in ൌ 2݀ ft 

and ݀ ൌ ૢ.  ܑܖ ൌ . ૡ ܜ 

           (+4 points) 

(b)The prediction equation is ܸߩܨଶܦଶ ൌ ߩܨ ܸଶܦଶ  

so that 

ܨ ൌ ߩߩ ൬ ܸܸ൰ଶ ൬ ൰ଶܦܦ  ܨ

           (+4 points) 

and with ߩ ൌ  ߩ

ܨ ൌ ሺ1ሻ ቆ6 ft s⁄2 ft s⁄ ቇଶ ൬ 2 ft0.5 12⁄ ft൰ଶ ሺ1.5 ൈ 10ିଷ lbሻ ൌ .  ܊ܔ 

           (+2 points) 
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Problem 3: Head Loss (Chapter 8) 

 
Energy equation: ଵߛ  αଵ ଵܸଶ2݃  ଵݖ ൌ ߛଶ  αଶ ଶܸଶ2݃  ଶݖ  ݄ 
Since ଵܸ ൌ ଶܸ from continuity and ݖଵ ൌ ଵ ,ଶݖ െ ଶ ൌ ݄ߛ          (+4 points) 

where, ݄ ൌ ݂ ℓ మଶ           

 ܸ ൌ ொ ൌ .ଵଶ ୲య ୱ⁄గ ସ⁄ ሺଷ ଵଶ⁄  ୲ሻమ ൌ 2.445 ft s⁄   
 ܴ݁ ൌ ఔ ൌ ሺଶ.ସସହ ୲ ୱ⁄ ሻሺଷ ଵଶ⁄  ୲ሻଵ.ଶଵൈଵషఱ୲మ ୱ⁄ ൌ 5.05 ൈ 10ସ  2100  ⇒ Turbulent flow  

 ߳ ⁄ܦ ൌ .ହ ୲ଷ ଵଶ⁄  ୲ ൌ 2 ൈ 10ିଷ    

  ݂ ൌ ଵ.ଷଶହሼ୪୬ሾሺఢ ଷ.⁄ ሻାሺହ.ସ ோబ.వ⁄ ሻሿሽమ ൌ 0.02673    

or, 

 ݄ ൌ ሺ0.02673ሻ ቀ  ୲ଷ ଵଶ⁄ ୲ቁ ቂሺଶ.ସସହ୲ ୱ⁄ ሻమଶൈଷଶ.ଶ୲ ୱమ⁄ ቃ ൌ 0.05955 ft    (+5 points) 

Thus, 

 Δ ൌ ଵ െ ଶ ൌ ݄ߛ ൌ 0.05955 ft ൈ 62.4 lb ftଷ⁄ ൌ . ૠ ܊ܔ ⁄ܜ    (+1 point) 
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Problem 4: Minor Losses (Chapter 8) 

 

Bernoulli equation: ଵߛ  ଵߙ ଵܸଶ2݃  ଵݖ  ݄ ൌ ߛଶ  ଶߙ ଶܸଶ2݃  ଶݖ  ݄   ܭ ܸଶ2݃  

where ଵ ൌ ଶ ൌ 0, ଵܸ ൌ ଶܸ ൌ 0, and ݄ ൌ ݂ ℓ మଶ 

݄ ൌ ଶݖ െ ଵݖ  ൭݂ ℓܦ   ܭ ൱ ܸଶ2݃ 

           (+6 points) 

So that with ∑ ܭ ൌ 0.8  4 ൈ 1.5  5.0  1.0 ൌ 12.8   

ܸଶ ൌ ൣ݄ െ ሺݖଶ െ ଵሻ൧ݖ 2݂݃ℓ ⁄ܦ  ∑ ܭ  

      ൌ ሾ250 ft െ 200 ftሿ ቆ 2 ൈ 32.2 ft sଶ⁄0.0121 ൈ 500 ft 0.75 ft⁄  12.8ቇ ൌ 154.31 ftଶ sଶ⁄  

Thus, ܸ ൌ 12.4 ft s⁄          (+3 points) 

The pump power required is 

௦ܹሶ ൌ ݄ܳߛ ൌ ߛ ଶ4ܦߨ ܸ݄ 

      ൌ ሺ62.4 lb ftଷ⁄ ሻ ቀ4ߨቁ ሺ0.75 ftሻଶሺ12.4 ft s⁄ ሻሺ250 ftሻ 

      ൌ ሺ8.55 ൈ 10ସ ft ڄ lb s⁄ ሻ ൬ 1 hp550 ft ڄ lb s⁄ ൰ ൌ  ܘܐ 

           (+1 point) 

(1) 

(2) 



57:020 Mechanics of Fluids and Transport  Fall 2007 

EXAM #3     December 17, 2007 
 

Problem 5: Boundary Layer (Chapter 9) 

 

 

(a) For a turbulent boundary layer flow, ܮߜ ൌ 0.16ሺܴ݁ሻଵ ⁄    or   ܮߜ ൌ 0.370ሺܴ݁ሻଵ ହ⁄  

           (+2 points) 

where, ܴ݁ ൌ ఔ ൌ ሺଷହൈଵ.ସ୲ ୱ⁄ ሻሺ଼ ୲ሻଵ.ହൈଵషర୲మ ୱ⁄ ൌ 2.62 ൈ 10  

Thus, ߜ ൌ .ଵൈ଼ ୲ሺଶ.ଶൈଵలሻభ ళ⁄ ൌ .  ܜ ൌ . ૡ ܑܖ      (+2 point) 

(b) Drag force over a flat plate is 

ܦ ൌ ܥ 12  ܣଶܷߩ

           (+2 points) 

Where, 

ܥ ൌ 0.031ሺܴ݁ሻଵ ⁄ ൌ 0.031ሺ2.6 ൈ 10ሻଵ ⁄ ൌ 3.754 ൈ 10ିଷ   or   ܥ ൌ 0.0720ሺܴ݁ሻଵ ହ⁄  

ܣ ൌ 4 ft ൈ 8 ft ൌ 32 ftଶ  

Thus, ܦ ൌ ሺ3.754 ൈ 10ିଷሻ ଵଶ ሺ2.38 ൈ 10ିଷ slug ftଷ⁄ ሻሺ51.345 ft s⁄ ሻଶሺ32 ftଶሻ ൌ . ૠૠ ܊ܔ  

          (+4 points) 
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Problem 6: Drag (Chapter 9) 

௫ܨ∑    ൌ 0 : ܶ cos ߠ ൌ ௬ܨ∑ ܦ ൌ 0 : ܶ sin ߠ ൌ ܤ െ ܹ 

tan ߠ ൌ ܤ െ ܦܹ  

where,            

ܤ  ൌ Vߛ ൌ ߛ ସଷ ଷܴߨ ൌ ሺ998 kg mଷ⁄ ሻሺ9.81 m sଶ⁄ ሻ ቀସగଷ ቁ ቀ.ଵ୫ଶ ቁଷ ൌ 5.126 N  (+1 point) 

 ܹ ൌ Vߛ ൌ ቀఊೝೖఊ ቁ Vߛ ൌ ܩܵ ڄ ܤ ൌ 0.21 ൈ 5.126 N ൌ 1.077 N  (+1 point) 

ܦ ൌ ଵଶ           (+3 points)ܥܣଶܷߩ

  ܴ݁ ൌ ఔ ൌ ሺଵ.ଵଶ୫ ୱ⁄ ሻሺ.ଵ ୫ሻଵ.ଵଶൈଵషల୫మ ୱ⁄ ൌ 1 ൈ 10ହ 

From figure 7,  ܥ ൌ 0.5 at ܴ݁ ൌ 10ହ     (+3 points) 

Thus 

ܦ  ൌ ଵଶ ሺ998 kg mଷ⁄ ሻሺ1.12 m s⁄ ሻଶ ቀగସቁ ሺ0.1 mሻଶሺ0.5ሻ ൌ 2.458 N    (+1 point) 

Hence, 

ߠ ൌ tanିଵ ܤ െ ܦܹ ൌ tanିଵ 5.126 N െ 1.077 N2.458 N ൌ ૡ. ૠל 

          (+1 point) 

ܤ െ ܹ 

 ܦ

ܶ
 ߠ

 ߠ
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