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• Derivation of the Continuity Equation in cylindrical coordinates
• Conservation of mass for fluid flow
• CFD programs e.g., Axisymmetric Flow
 
   



Continuity Equation in Cylindrical Coordinates
• Velocity vector field in cylindrical co-ords:   𝑽𝑽(𝑟𝑟, 𝑧𝑧,𝜃𝜃, 𝑡𝑡)
• Cylindrical coordinates for analyzing flow in pipes

(e.g. Hagen–Poiseuille flow)
•  Wall boundary conditions specified at fixed radius:
 
 

• Spherical coordinates  round geometries
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Continuity Equation in Cylindrical Coordinates
• Mass balance for a differential control volume
• Located in a velocity field  𝑽𝑽(𝑟𝑟,𝑧𝑧,𝜃𝜃,𝑡𝑡) 
• With density field 𝜌𝜌(𝑟𝑟, 𝑧𝑧,𝜃𝜃, 𝑡𝑡)
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Continuity Equation in Cylindrical Coordinates

• Consider the 𝜽𝜽-direction (swirl):
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Continuity Equation in Cylindrical Coordinates

• Consider the z-direction:
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Continuity Equation in Cylindrical Coordinates

• Summary of mass inflow and outflow rates on all faces:
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Continuity Equation in Cylindrical Coordinates
• From Chapter 3 (Control Volume Analysis), conservation of mass: 
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• Simple mass “accounting”  Rate of Storage = Rate In – Rate Out
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Continuity Equation in Cylindrical Coordinates
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• For the most general case: Unsteady, viscous (or inviscid) compressible flows

• For incompressible flows:    ρ = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  𝜕𝜕ρ
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• For steady and unsteady flow

(Gases, Mach Number 𝑀𝑀𝑀𝑀 = 𝑉𝑉
𝑐𝑐
≤ ~0.3)
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