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Problem 8.3

ܳଵ ൌ
ܴ݁௖௥௜௧ܦݒߨଵ

4

ܳଶ ൌ
ܴ݁௖௥௜௧ܦݒߨଶ

4

ܳଷ ൌ
ܴ݁௖௥௜௧ܦݒߨଷ

4

௟௔௠௜௡௘௥ܮ ൌ ,ܦ0.06ܴ݁ :ݐ݈݊݁ݑܾݎݑܶ		 ௠௜௡ܮ

ൌ ௠௔௫ܮ							ܦ25 ൌ  ܦ40

 :૜ࡽ

௠௜௡,ଷܮ ൌ ௠௔௫,ଷܮ											ଷܦ25 ൌ 	ଷܦ40

௟௔௠௜௡௘௥,ଷܮ ൌ 0.06 ൬
4ܳଷ
ଷܦݒߨ

൰ܦଷ,

௟௔௠௜௡௘௥,ଶܮ ൌ 0.06 ൬
4ܳଷ
ଶܦݒߨ

൰ܦଶ 

௟௔௠௜௡௘௥,ଵܮ ൌ 0.06 ൬
4ܳଷ
ଵܦݒߨ

൰ܦଵ 

 :૛ࡽ

௠௜௡,ଷܮ ൌ ௠௔௫,ଷܮ												ଷܦ25 ൌ  ଷܦ40

௠௜௡,ଶܮ ൌ ௠௔௫,ଶܮ											ଶܦ25 ൌ  ଶܦ40

௟௔௠௜௡௘௥,ଶܮ ൌ 0.06 ൬
4ܳଶ
ଶܦݒߨ

൰ܦଶ 

௟௔௠௜௡௘௥,ଵܮ ൌ 0.06 ൬
4ܳଶ
ଵܦݒߨ

൰ܦଵ 

 :૚ࡽ

௠௜௡,ଷܮ ൌ ௠௔௫,ଷܮ												ଷܦ25 ൌ  ଷܦ40

௠௜௡,ଶܮ ൌ ௠௔௫,ଶܮ											ଶܦ25 ൌ  ଶܦ40

௠௜௡,ଵܮ ൌ ௠௔௫,ଵܮ											ଵܦ25 ൌ  ଵܦ40

௟௔௠௜௡௘௥,ଵܮ ൌ 0.06 ൬
4ܳଵ
ଵܦݒߨ

൰ܦଵ 

Solution:  

ܳଵ ൌ
ܴ݁௖௥௜௧ܦݒߨଵ

4

ൌ
ሺ2300ሻ ൈ ߨ ൈ ሺ1.69 ൈ 10ିହ	 mଶ/sሻ ൈ ሺ25	 mmሻ

4
ൌ 7.63 ൈ 10ିସ	 mଷ/s 

ܳଶ ൌ
ܴ݁௖௥௜௧ܦݒߨଶ

4

ൌ
ሺ2300ሻ ൈ ߨ ൈ ሺ1.69 ൈ 10ିହ	 mଶ/sሻ ൈ ሺ15	 mmሻ

4
ൌ 4.58 ൈ 10ିସ	 mଷ/s 

ܳଷ ൌ
ܴ݁௖௥௜௧ܦݒߨଷ

4

ൌ
ሺ2300ሻ ൈ ߨ ൈ ሺ1.69 ൈ 10ିହ	 mଶ/sሻ ൈ ሺ10	 mmሻ

4
ൌ 3.05 ൈ 10ିସ	 mଷ/s 

Therefore, the third section will become 

turbulent first.  
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 :૜ࡽ 

For turbulent,  

௠௜௡,ଷܮ ൌ ଷܦ25 ൌ 0.25	 m ൏  ܮ

௠௔௫,ଷܮ ൌ ଷܦ40 ൌ 0.40	 m ൏  ܮ

Therefore, it is fully developed.  

For laminar,  

௟௔௠௜௡௘௥,ଷܮ ൌ 0.06 ൬
4ܳଷ
ଷܦݒߨ

൰ܦଷ

ൌ 0.06

ൈ ቈ
4 ൈ ሺ3.05 ൈ 10ିସ	 mଷ/sሻ

ߨ ൈ ሺ1.69 ൈ 10ିହ	 mଶ/sሻ ൈ ሺ10	 mmሻ
቉

ൈ ሺ10	 mmሻ ൌ 1.38	 m ൏  ܮ

Therefore, it is fully developed.  

௟௔௠௜௡௘௥,ଶܮ ൌ 0.06 ൬
4ܳଷ
ଶܦݒߨ

൰ܦଶ

ൌ 0.06

ൈ ቈ
4 ൈ ሺ3.05 ൈ 10ିସ	 mଷ/sሻ

ߨ ൈ ሺ1.69 ൈ 10ିହ	 mଶ/sሻ ൈ ሺ15	 mmሻ
቉

ൈ ሺ15	 mmሻ ൌ 1.38	 m ൏  ܮ

Therefore, it is fully developed.  

௟௔௠௜௡௘௥,ଵܮ ൌ 0.06 ൬
4ܳଷ
ଵܦݒߨ

൰ܦଵ

ൌ 0.06

ൈ ቈ
4 ൈ ሺ3.05 ൈ 10ିସ	 mଷ/sሻ

ߨ ൈ ሺ1.69 ൈ 10ିହ	 mଶ/sሻ ൈ ሺ25	 mmሻ
቉

ൈ ሺ25	 mmሻ ൌ 1.38	 m ൏  ܮ

Therefore, it is fully developed.  

 :૛ࡽ

For turbulent,  

௠௜௡,ଷܮ ൌ ଷܦ25 ൌ 0.25	 m ൏  ܮ

௠௔௫,ଷܮ ൌ ଷܦ40 ൌ 0.40	 m ൏  ܮ

Therefore, it is fully developed.  

௠௜௡,ଶܮ ൌ ଶܦ25 ൌ 0.375	 m ൏  ܮ

௠௔௫,ଶܮ ൌ ଶܦ40 ൌ 0.6	 m ൏  ܮ

Therefore, it is fully developed.  

For laminar,  

௟௔௠௜௡௘௥,ଶܮ

ൌ 0.06 ൬
4ܳଶ
ଶܦݒߨ

൰ܦଶ0.06

ൈ ቈ
4 ൈ ሺ4.58 ൈ 10ିସ	 mଷ/sሻ

ߨ ൈ ሺ1.69 ൈ 10ିହ	 mଶ/sሻ ൈ ሺ15	 mmሻ
቉

ൈ ሺ15	 mmሻ ൌ 2.07	 m ൐  ܮ

Therefore, it is not fully developed.  

௟௔௠௜௡௘௥,ଵܮ ൌ 0.06 ൬
4ܳଶ
ଵܦݒߨ

൰ܦଵ

ൌ 0.06

ൈ ቈ
4 ൈ ሺ4.58 ൈ 10ିସ	 mଷ/sሻ

ߨ ൈ ሺ1.69 ൈ 10ିହ	 mଶ/sሻ ൈ ሺ25	 mmሻ
቉

ൈ ሺ25	 mmሻ ൌ 2.07	 m ൐  ܮ

Therefore, it is not fully developed.  

 :૚ࡽ

For turbulent,  

௠௜௡,ଷܮ ൌ ଷܦ25 ൌ 0.25	 m ൏  ܮ

௠௔௫,ଷܮ ൌ ଷܦ40 ൌ 0.40	 m ൏  ܮ

Therefore, it is fully developed.  

௠௜௡,ଶܮ ൌ ଶܦ25 ൌ 0.375	 m ൏  ܮ

௠௔௫,ଶܮ ൌ ଶܦ40 ൌ 0.6	 m ൏  ܮ

Therefore, it is fully developed.  

௠௜௡,ଵܮ ൌ ଵܦ25 ൌ 0.625	 m ൏  ܮ

௠௔௫,ଵܮ ൌ ଵܦ40 ൌ 1	 m ൏ L 

Therefore, it is fully developed.  
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௟௔௠௜௡௘௥,ଵܮ ൌ 0.06 ൬
4ܳଵ
ଵܦݒߨ

൰ܦଵ

ൌ 0.06

ൈ ቈ
4 ൈ ሺ7.63 ൈ 10ିସ	 mଷ/sሻ

ߨ ൈ ሺ1.69 ൈ 10ିହ	 mଶ/sሻ ൈ ሺ25	 mmሻ
቉

ൈ ሺ15	 mmሻ ൌ 3.45	 m ൐  ܮ

Therefore, it is not fully developed.  

Problem 8.11 

 

Flow between stationary plates: 

௔ܸ௩௘ ൌ
ܳ
ܦߨܽ

				 → 				ܴ݁ ൌ
ܽ ௔ܸ௩௘

ݒ
 

ܳ
݈
ൌ
ܽଷ∆݌
ܮߤ12

 

݌∆ → ܨ → ݉ 

Solution:  

ܴ݁ ൌ
ܽ ௔ܸ௩௘

ݒ
ൌ
ܽ ܳ
ܦߨܽ
ݒ

ൌ
ܳ
ܦߨݒ

ൌ
ሺ6 ൈ 10ି଺	 mଷ/sሻ

ሺ1.1 ൈ 10ିସ	 mଶ/sሻ ൈ ߨ ൈ ሺ100	 mmሻ
ൌ 0.174 

ܳ
݈
ൌ
ܽଷ∆݌
ܮߤ12

⇒ ݌∆ ൌ
ܳܮߤ12
݈ܽଷ

ൌ
12 ൈ ሺ1 ൈ 10ିଵ	 N ∙ s/mଶሻ ൈ ሺ100	 mmሻ ൈ ሺ6 ൈ 10ି଺	 mଷ/sሻ

ሺ100	 mmሻ ൈ ߨ ൈ ሺ0.025	 mmሻଷ

ൌ 146.7	 MPa 

݉݃
ଶܦߨ

4

ൌ  ݌∆

݉ ൌ
ܦߨ݌∆

ଶ

4
݃

ൌ
ሺ146.7	 MPaሻ ൈ ߨ ൈ ሺ100	 mmሻଶ

4
ሺ9.8	 m/sଶሻ

ൌ 1.18 ൈ 10ହ	 kg 

Problem 8.18 

 

݀ܲ
ݔ݀

ൌ 0					 → 					
݀߬
ݕ݀

ൌ ߤ
݀ଶݑ
ଶݕ݀

ൌ 0 

݀ଶݑ
ଶݕ݀

ൌ 0					 → ,ሻݕሺݑ					 ሺ0ሻݑ		 ൌ െ ଵܷ, ሺ݀ሻݑ		

ൌ ܷଶ 

ܳ ൌ නݑ	ܣ݀ ൌ ܾන ݕ݀	ݑ
ௗ

଴
							 → 						

ܳ
ܾ

ൌ? ? ? 

Solution:  

݀ܲ
ݔ݀

ൌ 0					 → 					
݀߬
ݕ݀

ൌ ߤ
݀ଶݑ
ଶݕ݀

ൌ 0 

݀ଶݑ
ଶݕ݀

ൌ 0					 → ሻݕሺݑ					 ൌ ݕଵܥ ൅ ,ଶܥ ሺ0ሻݑ		

ൌ െ0.25	 m/s, 	ሺ0.01ݑ		 mሻ
ൌ 0.5	 m/s 



 

Applied Fluid Mechanics Homework 01 

4
 

⟹ ൜
ଶܥ ൌ െ0.25	 m/s
ଵܥ ൌ 75	 sିଵ

 

⟹ ሻݕሺݑ ൌ ݕ75 െ 0.25 

ܳ ൌ නݑ	ܣ݀ ൌ ܾන ݕ݀	ݑ
ௗ

଴
 

→
ܳ
ܾ
ൌ න ݕ݀	ݑ

ௗ

଴
ൌ න ሺ75ݕ െ 0.25ሻ	݀ݕ

଴.଴ଵ

଴

ൌ ൬
75
2
ଶݕ െ ൰ฬݕ0.25

଴

଴.଴ଵ

ൌ 0.00125	 mଷ/s/m 

Problem 8-39 

 

Solution:  

Water:  

ܴ݁ ൌ
ߩ തܸܦ
ߤ

 

ܳ ൌ
ܴ݁௖௥௜௧ܦݒߨଵ

4

ൌ
ሺ2300ሻ ൈ ߨ ൈ ሺ6.59 ൈ 10ି଻	 mଶ/sሻ ൈ ሺ6	 mmሻ

4
ൌ 7.14 ൈ 10ି଺	 mଷ/s 

ܳ ൌ െ
ସܴߨ

ߤ8
݌߲
ݔ߲

 

݌߲
ݔ߲

ൌ െ
ܳߤ8
ସܴߨ

ൌ െ
ܳߤ128
ସܦߨ

ൌ െ
128 ൈ ሺ6.53 ൈ 10ିସ	 N ∙ s/mଶሻ ൈ ሺ7.14 ൈ 10ି଺	 mଷ/sሻ

ߨ ൈ ሺ6	 mmሻସ

ൌ െ146.63	 Pa/m 

SAE:  

ܴ݁ ൌ
ߩ തܸܦ
ߤ

 

ܳ ൌ
ܴ݁௖௥௜௧ܦݒߨଵ

4

ൌ
ሺ2300ሻ ൈ ߨ ൈ ሺ3.8 ൈ 10ିହ	 mଶ/sሻ ൈ ሺ6	 mmሻ

4
ൌ 4.12 ൈ 10ିସ	 mଷ/s 

ܳ ൌ െ
ସܴߨ

ߤ8
݌߲
ݔ߲

 

݌߲
ݔ߲

ൌ െ
ܳߤ8
ସܴߨ

ൌ െ
ܳߤ128
ସܦߨ

ൌ െ
128 ൈ ሺ3.4 ൈ 10ିଶ	 N ∙ s/mଶሻ ൈ ሺ4.12 ൈ 10ିସ	 mଷ/sሻ

ߨ ൈ ሺ6	 mmሻସ

ൌ െ4.40 ൈ 10ହ	 Pa/m 

Problem 8.40 

 

തܸ ൌ
ܳ
ܣ
ൌ െ

ܴଶ

ߤ8
݌ߜ
ݔߜ

 

ݑ ൌ െ
ܴଶ

ߤ4
݌ߜ
ݔߜ

൤1 െ ቀ
ݎ
ܴ
ቁ
ଶ
൨ 

Solution:  

തܸ ൌ
ܳ
ܣ
ൌ െ

ܴଶ

ߤ8
݌ߜ
ݔߜ

 

ݑ ൌ െ
ܴଶ

ߤ4
݌ߜ
ݔߜ

൤1 െ ቀ
ݎ
ܴ
ቁ
ଶ
൨ 

െ
ܴଶ

ߤ4
݌ߜ
ݔߜ

൤1 െ ቀ
ݎ
ܴ
ቁ
ଶ
൨ ൌ െ

ܴଶ

ߤ8
݌ߜ
ݔߜ

 

൤1 െ ቀ
ݎ
ܴ
ቁ
ଶ
൨ ൌ

1
2

 

ቀ
ݎ
ܴ
ቁ
ଶ
ൌ
1
2

 

ݎ ൌ
ܴ

√2
 






