
Group HW Problems: 
 

Example 5.8 

 

Assuming leakage rate is 0.2 times the volume flowrate out of the needle 
SOL) 
From eq. 5.17 
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First term in eq. (1): 

( )
( ) ( )1 1

p needleCV

needle p

d A

A A A

ρ ρ

ρ

∀ = +∀

= +∀ ≈

∫ A

A ∵
      (2) 

Differentiating eq. (2) with respect to time, and recognizing 1, , needleAρ ∀  to be 
constant over time, 
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Second term in eq. (1): 
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Combining eqs. (1), (3), and (4) 
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Individual HW Problems: 
 

 



 



 



 



 



 


