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We consider Galerkin-FEM for the transient incompressible Navier–Stokes equations:
Find (u, p) : (0, T ) → V ×Q s.t.
∂tu− ν∆u+(u · ∇)u+∇p = f ,

∇ · u = 0.

In particular, we apply conforming and inf-sup stable methods with ∇ · Vh ⊆ Qh,
thereby yielding exactly divergence-free approximations to the velocity field. This choice of
interpolation spaces covers some popular isogeometric methods [1, 2].

After a brief overview concerning the conservation properties of the considered FEM [3], we
provide velocity error estimates for the case u ∈ L∞ (

0, T ;W1,∞(Ω)
)

which are semi-robust
with respect to the Reynolds number and independent of the pressure approximation [4].

Concluding, applications to problems from vortex dynamics are considered where standard
FEM are compared to divergence-free ones. We demonstrate the superiority of divergence-free
methods for flows with vortical structures. Further, we show that convection stabilisation can
improve the discrete solution drastically, both qualitatively and quantitatively.
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