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Figure 16. Comparison of mean streamwise velocity profiles: , computation; • , JD.

the step are shown in figure 17. In the recovery region, the velocity still has an
inflection point at x/h = 19.0 indicating that an equilibrium boundary layer profile
is not yet developed. Bradshaw & Wong (1972) observed profiles with an inflection
point at 50 step heights downstream from the step.

Figure 18 shows the near-wall velocity profiles in the recovery region plotted in
semi-logarithmic coordinates, and figure 19 compares the computational results with
the JD measurements at x/h = 19.0. All profiles are below the universal log-law even
at 20h downstream of the step. Previous experimental studies reported a recovery of
the log-law profile as early as 6 step heights after the reattachment, e.g. Westphal et al.
(1984), Kim et al. (1978), and Adams et al. (1984). The excellent agreement between
the computation and JD profiles at x/h = 19.0 confirms that the deviation from the
universal log-law is a real effect in this flow. The apparent discrepancy between the
present near-wall profiles and previous experiments is attributed to the method of
obtaining the wall-shear velocity uτ. In previous experiments, the wall-shear velocity
was calculated using the Clauser chart with the inherent assumption that the log-law
of the zero-pressure-gradient turbulent boundary layer is applicable. The result was
lower values of uτ, hence higher u+ values. The JD data in figure 19 were based on
Cf directly measured by a laser interferometer, and not relying on the Clauser chart.
In the present configuration, this discrepancy is as high as 17%, i.e. uτ/uτc ≈ 1.17,
where the subscript c denotes the value obtained using the Clauser chart.

The deviation of the velocity profile from the log-law appears to be a result of the
strong streamwise adverse pressure gradient (APG) which is experienced by the flow
following the sudden expansion. Although the effect of APG on boundary layers has
been studied by many authors, the universal log-law has been considered applicable
because of the use of the Clauser chart as mentioned above. A re-evaluation of the
applicability of the log-law in non-zero-pressure-gradient flows was recently conducted
by Nagano, Tagawa & Tsuji (1991). They concluded that the mean velocity profile
does indeed shift downward from the standard log-law in an APG. Studies by Driver
(1991) of flows with APG also support this finding.

Since uτ is proportional to C
1/2
f , and as shown earlier, the calculated Cf in the

recovery region is high due to low Reynolds number effects, the profile of U/uτ in
wall coordinates is further depressed below the universal log-law. Therefore, APG


