Introduction to Vorticity

ME 6700 — Intermediate Fluid Dynamics

Vorticity Vector — @
1. Vector quantity that is proportional to the angular
momentum of a fluid element.
2. The vorticity vector is defined by the flow field. Thus
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Right Hand Rule Convention ——




Vorticity — Properties

1. Vortex lines are everywhere tangent to the vorticity vector.
2. The vorticity field is solenoidal. That is, the divergence of
the curl of a vector is identically zero. Thus,
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3. Continuous loop

Vorticity Vector — @

Vorticity is directly related to the rotation tensor ()
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Skew-symmetric or asymmetric Tensor that
accounts for rigid body rotation




Vorticity in the Incompressible Navier-

Stokes Equations
The vorticity vector is defined by the flow field. Thus
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Using the following vector identities:
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We can rewrite (1) as:
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Irrotational Flow & =0

For an irrotational flow, the vorticity vanishes and the flow
is described by the Euler equation:
DV -
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Note: we have not forced # =0

Thus, We often chose to use vorticity as a
variable when viscosity is important.

e Shear Layers

* Boundary Layers




Circulation

* Represents the “swirl” of the flow
» The net flux of vorticity through a surface area bounded
by a closed path
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