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Derive the continuity equation in cylindrical coordinates: 

 

 by considering the mass flux through an infinitesimal control volume which is fixed in space. 
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SOLUTION: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Let the density and velocity at the center of the control volume be r and u, respectively.  First determine 
the mass fluxes through each side of the control volume. 

 

 

 

 

 

 

 
The net mass flux out of the control volume is: 
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The rate of increase of mass within the control volume is: 

 (2) 

 
From conservation of mass, the rate at which the mass inside the control volume increases plus the net rate 
at which mass leaves the control volume must be zero, i.e.: 

 

 

 
Hence: 

 (3) 

or, by combining the 2nd and last terms on the LHS: 

 (4) 
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