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Figure 4.1: Surface forces acting on a fluid particle. The fluid particle is located in the lower

half of fully developed channel flow. The v1 velocity is given by Eq. 3.28 and v2 = 0. Hence

τ11 = τ22 = ∂τ12/∂x1 = 0 and −∂τ21/∂x2 > 0. The v1 velocity field is indicated by dashed

vectors.

4 Vorticity equation and potential flow

4.1 Vorticity and rotation

V
ORTICITY, ωi, was introduced in Eq. 1.12 at p. 17. As shown in Fig. 1.4 at p. 19,

vorticity is connected to rotation of a fluid particle. Figure 4.1 shows the surface

forces acting on a fluid particle in a shear flow. Looking at Fig. 4.1 it is obvious that

only the shear stresses are able to rotate the fluid particle; the pressure and the normal

viscous stresses act through the center of the fluid particle and are thus not able to

affect rotation of the fluid particle. We may note that the figure shows that τ12 6= τ21
contrary to our earlier statement that σij (and hence τij ) is symmetric. The reason is

that τ12 and τ21 are shown at different points. In the limit (i.e. when ∆x1 and ∆x2

go to zero), it is the gradient of the shear stress, ∂τ12/∂x2, that creates vorticity (see

Eq. 4.7). Furthermore, note that the v2 momentum equation (see Eqs. 2.4 and 3.32)

requires that the vertical viscous stresses in Fig. 4.1 are in balance. The v1 momentum

equation requires that the horizontal viscous stresses balance the pressure difference.

Let us have a look at the momentum equations in order to show that the viscous

terms indeed can be formulated with the vorticity vector, ωi. In incompressible flow

the viscous terms read (see Eqs. 2.4, 2.5 and 2.7)
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