
Figure 11: Q criteria iso-surface (Q = 5) and the mesh of turbulent flow over a circular
cylinder at Re = 3900

for simulating the boundary layer, and the instability of the shear layer. The
computational domain boundaries are located 40D away down stream and
20D away on other directions. Riemann invariant based boundary conditions
are applied at the outer boundaries. The mesh near the cylinder is shown
in Fig. 11. The mesh consists of 106 048 curved unstructured quadrilateral
elements in total, which corresponds to about 2.8M DoFs. The smallest
mesh size is approximately 0.006D, it is located on the cylinder surface, and
was chosen based on the estimate advocated by reference [19]. As in the
TGV test case, we use P = 2 with over-integration. A value CFL = 40 is
employed in the simulations. The CFLc is around 3.0 at this CFL number,
which ensures the temporal accuracy of the simulations. The corresponding
time step is about 660 times larger than the explicit one with CFL = 0.06.
At each RK stage, the simulations converge using 3 Newton iterations and
20 GMRES iterations on average. The implicit solver is 15.8 times faster
than the explicit one.

The computed vortex structure is illustrated in Fig. 11, which shows the
complex turbulent flow structures in the wake of the cylinder. The time-
averaged velocity distributions in Fig. 12 show that the current result is in
good agreement with the experimental results [24].

5.5. Shock wave boundary-layer interaction
Finally, the shock capturing ability of the implicit solver is tested us-

ing the shock wave boundary-layer interaction (SWBLI) problem [3]. The
computational domain and Mach number distribution are in Fig. 13a. The
viscous wall starts from x = 0 and the shock impingement position is xsh.
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