
57:020 Mechanics of Fluids and Transport  Fall 2008 

EXAM #3     December 16, 2008 
 

Problem 1: Venturi meter (Chapter 3) 

 

(a) Bernoulli equation: ݌ଵߛ ൅ ଵܸଶ2݃ ൅ ଵݖ ൌ ߛଶ݌ ൅ ଶܸଶ2݃ ൅  ଶݖ

where, ݖଵ ൌ  ଶ           (+4 points)ݖ

(b) Continuity equation: ܣଵ ଵܸ ൌ ଶܣ ଶܸ 

or 

ଵܸ ൌ ଵܣଶܣ ଶܸ ൌ ൬ܦଶܦଵ൰ଶ ଶܸ 

           (+2 points) 

(c) By solving the equations for ଶܸ, 

 ଶܸ ൌ ඪ2݃ ሺ݌ଵ െ 1ߛଶሻ݌ െ ቀܦଶܦଵቁସ ൌ ඪ2ሺ9.81ሻ ሺ735 െ 550ሻ ൈ 10ଷ9.1 ൈ 10ଷ1 െ ቀ1931ቁସ ൌ 21.5 ms  

Thus, 

ܳ ൌ ଶܣ ଶܸ ൌ 4ߨ ଶଶܦ ଶܸ ൌ 4ߨ ൬ 191000൰ଶ ሺ21.5ሻ ൌ ૟. ૚૙ ൈ ૚૙ି૜ ܛ૜ܕ  

           (+4 points) 
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Problem 2: Similarity (Chapter 7)  ܲߩΩଷܦହ ൌ ߶ ൬ ܳΩܦଷ൰ 

(a) Volume flow: ܳ௣Ω௣ܦ௣ଷ ൌ ܳ௠Ω௠ܦ௠ଷ  

           (+2 points) 

Then, 

ܳ௠ ൌ ܳ௣ ቆΩ௠Ω௣ ቇ ቆܦ௠ܦ௣ ቇଷ ൌ 12 ൬1800750 ൰ ൬1.02.0൰ଷ ൌ ૜. ૟ ܛ૜ܜ܎  

           (+3 points) 

(b) Pump power: 

௣ܲߩ௣Ω௣ଷܦ௣ହ ൌ ௠ܲߩ௠Ω௠ଷ ௠ହܦ  

           (+2 points) 

Similarly, 

௣ܲ ൌ ௠ܲ ൬ ௠൰ߩ௣ߩ ൬ Ω௣Ω௠൰ଷ ൬ ௠൰ହܦ௣ܦ ൌ 0.082 ൬ 1.940.00234൰ ൬ 7501800൰ଷ ൬2.01.0൰ହ ൌ ૚૞ૠ ܘܐ 

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

 
(a) Energy equation: 

 
௣భఊ ൅ ௏భమଶ௚ ൅ ଵݖ ൅ ݄௣ ൌ ௣మఊ ൅ ௏మమଶ௚ ൅ ଶݖ ൅ ݄௧ ൅ ݄௅  

where ݌ଵ = ݌ଶ, ଵܸ ≈ ଶܸ ≈ 0, and ݄௧ = 0       (+3 points) 

(b) Head loss: 

 ݄௅ ൌ ݂ ௅஽ ௏మଶ௚  

where,             

   ft 2000 = ܮ 

 ft 0.5 = ܦ 

 ܸ ൌ ொ஺ ൌ ଷቀഏరቁቀ లభమቁమ ൌ 15.3 ୤୲ୱ  ,  

 ݂ = 0.0228 from the given equation with 

  ܴ݁ ൌ ఘ௏஽ఓ ൌ ሺଵ.ଽସሻሺଵହ.ଷሻሺ଴.ହሻଶ.଴ଽൈଵ଴షఱ ൌ 7.1 ൈ 10ହ        and       ఢ஽ ൌ 1.7 ൈ 10ିଷ or,  ݄௅ ൌ 0.0228 ቀଶ଴଴଴଴.ହ ቁ ሺଵହ.ଷሻమଶሺଷଶ.ଶሻ ൌ 331.5 ft      (+6 points)  Thus,            ݄௣ ൌ ଶݖ െ ଵݖ ൅ ݄௅ ൌ 120 ൅ 331.5 ൌ 451.5 ft  (c) Pump power:  ܲ ൌ ௣݄ܳ݃ߩ ൌ ሺ1.94ሻሺ32.2ሻሺ3.0ሻሺ450ሻ ൌ 84,613 ൎ ૚૞૝ ܘܐ    (+1 point) 
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Problem 4: Minor Losses (Chapter 8) 
 

 
(a) Major loss: 

 ݄௅೘ೌೕ೚ೝ ൌ ݂ ௅஽ ௏మଶ௚    

       

where,  

  ,in. = 17 in. = 1.4167 ft (1+ 4 + 6 + 6) = ܮ 

 ,in. = 0.0625 ft 0.75 = ܦ 

 ܸ ൌ ொ஺ ൌ ଴.଴ଶሺగ ସ⁄ ሻሺ଴.଴଺ଶହሻమ ൌ 6.52 ୤୲ୱ , and 

 ݂ = 0.0376 from the given equation with 

  ܴ݁ ൌ ௏஽ఔ ൌ ሺ଺.ହଶሻሺ଴.଴଺ଶହሻଵ.ଶଵൈଵ଴షఱ ൌ 3.37 ൈ 10ସ        and       
ఢ஽ = 0.008     

or  ݄௅೘ೌೕ೚ೝ ൌ ሺ0.0376ሻ ቀ ଵ଻଴.଻ହቁ ௏మଶ௚ ൌ 0.85 ௏మଶ௚      (+3 points)   

 (b) Minor loss: 

 ݄௅೘೔೙೚ೝ ൌ ௅ܭ∑ ௏మଶ௚           

where,  

௅ܭ∑  ൌ 2 ൈ 1.5ดଽ଴ל ௘௟௕௢௪ ൅ 2ณ௧௘௘ ൅ 0.15ถ௥௘ௗ௨௖௘௥ ൌ 5.15      

Or ݄௅೘೔೙೚ೝ ൌ 5.15 ௏మଶ௚          (+6 points) 

Thus, 

 
௛ಽ೘ೌೕ೚ೝ௛ಽ೘೔೙೚ೝ ൌ ଴.଼ହ ೇమమ೒ହ.ଵହ ೇమమ೒ ൌ ૙. ૚૟૞        (+1 point) 
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Problem 5: Boundary Layer (Chapter 9) 
 

(a) Local wall shear stress: 

 ܴ݁௫ ൌ ఘ௎௫ఓ ൌ ሺଽଽ଼ሻሺହሻሺ଴.ସሻ଴.଴଴ଵ ൌ 2 ൈ 10଺  (Turbulent)     

 ௙ܿ ൌ ଴.଴ହ଼ோ௘భೣఱ ൌ 3.186 ൈ 10ିଷ       (+5 points) 

 ߬௪ ൌ ଵଶ ଶܷߩ ௙ܿ ൌ ቀଵଶቁ ሺ998ሻሺ5ሻଶሺ3.186 ൈ 10ିଷሻ ൌ ૜ૢ. ૠ ܉۾   (+2 points) 

 

(b) Total friction drag: 

 ܴ݁௅ ൌ ఘ௎௅ఓ ൌ ሺଽଽ଼ሻሺହሻሺଶሻ଴.଴଴ଵ ൌ 1 ൈ 10଻ (Turbulent) 

௙ܥ  ൌ ଴.଴଻ସோ௘ಽభఱ ൌ 2.946 ൈ 10ିଷ 

௙ܦ  ൌ ଵଶ ௙ܥሻܮଶሺ2ܾܷߩ ൌ ቀଵଶቁ ሺ998ሻሺ5ሻଶሺ2 ൈ 1 ൈ 2ሻሺ2.946 ൈ 10ିଷሻ ൌ ૚૝ૠ ۼ (+3 points)
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Problem 6: Drag (Chapter 9) 

   

The ball weight must balance its drag: 

 ܹ ൌ ଵଶ ଶܸߩ ቀగସ ଶቁܦ  ஽        (+6 points)ܥ

At the given conditions, 

 ܴ݁ ൌ ఘ௏஽ఓ ൌ ሺଵ.ଶଶହሻሺଵସ.ହሻሺ଴.ଵሻଵ.଻଼ൈଵ଴షఱ ൎ 1 ൈ 10ହ        

and from the ܥ஽ curve 

஽ܥ  ൎ 0.5          

Thus, 

 ܹ ൌ ቀଵଶቁ ሺ1.225ሻሺ14.5ሻଶ ቀగସቁ ሺ0.1ሻଶሺ0.5ሻ ൌ ૙. ૞૚ ۼ 

or ܹ = 51 g         (+4 point) 
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