
4.3. TURBULENT REGIME

4

113

separation shock

arc-shaped vortices

reattachment shock

Figure 4.8: Instantaneous vortical structures at tu1/±0 = 400 for case FTB, visualized by isosurfaces of ∏2 =
°0.08. A numerical schlieren based on z =°8 slice is also included with |rΩ|/Ω1 = 0 ª 1.4.

the mean separation shock is weaker with a larger shock angle (49.0±) in the laminar case,
which is consistent with the longer separation length and a more gradual compression.

Figure 4.9: Density contours of the time- and spanwise-averaged flow field for case FTB. The white dashed and
solid lines denote the isolines of M a = 1.0 and |rp|±0/p1 = 0.26. The black dashed and solid lines signify
isolines of u = 0.0 and u/ue = 0.99.

Figure 4.11(a) provides a close comparison of the mean skin friction around the inter-
action region between the laminar case FZA and turbulent case FTB. As we discussed in
the previous section, the mean separation (or reattachment) length (equal to Lr = |xr | =
13.0±0 º 4.3h) in case FTB is shorter than that in case FZA (Lr = |xr | = 15.9±0 º 5.3h).
Moreover, the turbulent case has a much higher hC f i upstream of the separation region.
Both of them reach, however, a similar level of skin friction downstream of the step,
because the laminar-to-turbulent transition is accelerated within the separated shear
layer.

Figure 4.11(b) compares the streamwise variation of the wall pressure. As we can
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