
Vorticity and lines of vorticity

• Since Ω = ∇ × 𝑉 its divergence is zero, i.e. ∇ ∙ Ω = 0. 

• The vorticity is a solenoidal field with lines of vorticity (like
streamlines) parallel to its direction and density proportional to its
magnitude. 

• Dynamics of the lines of vorticity differs in the Euler and Navier-
Stokes equations.
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Euler fluid
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Euler equation

Identity 

Application of the curl 

Chap. 5, Acheson
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Identity 

We have 

Vorticity equation
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If the flow is 2D

Then

It follows that
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Vortex lines in the z-direction

Z-component:

The vorticity of a fluid element increases with time if                           . 

If the fluid elements are being stretched in the z-direction, it leads to an 
intensification of the local vorticity field.
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Kelvin circulation theorem
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Navier-Stokes: Viscosity drives the diffusion
of vorticity
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Faber, chap. 10



Example: Poiseuille flow
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