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Figure 8. (a) Point P3(2.82, 0.04, 0.0), time trace of v-velocity component normalized by its
root-mean-square (rms) value; the dominant characteristic frequency f = 0.105. (b) Instan-
taneous spanwise ωz-vorticity contours in the symmetry plane, t = 1860.

observations may arise from two ‘overlapping’ distributions. In our case, this pheno-
menon can mainly be attributed to the interaction of the ejected fluid with the primary
and secondary vortices, and implies that when a flow aperiodically switches from one
mode to another, high-momentum fluid sweeps toward the wall, or low-momentum
fluid is ejected away from the wall. At the sampling point P1(2.53, 0.12, 0), the
time-averaged vertical velocity is small positive, V = 0.013. The clearly pronounced
peak at v/vrms ≡ (uy − V )/vrms ≈ −0.5 corresponds to the instantaneous vertical
velocity uy ≈ −0.15, which means that the fluid is sweeping towards the wall (e.g. see
figure 3d). The second peak in figure 7(a) depicts an ejection mode where the primary
vortex entrains the near-wall fluid (figure 3c). The fact that we did not obtain the
camelback shape usually associated with a bimodal distribution may result from the
choice of a sampling point where the time-averaged vertical velocity turned out to be
small.

In Yakhot et al. (2006), we reported that maximum negative turbulence energy
production at the symmetry plane Z = 0 was obtained in the vicinity of the point
P3(2.82, 0.04, 0.0) marked in figure 2(a). The probability distribution of the u and w

velocity components at that point was found to be Gaussian. In contrast, figure 7(b)
shows a non-Gaussian probability distribution of the vertical velocity v with kurtosis
Ku = 10.4 instead of a Gaussian value of 3. This anomalously high kurtosis indicates
the spatio-temporal intermittent nature of turbulence in that region. The time trace in
figure 8(a) shows infrequent spikes with very large fluctuations of the vertical velocity,
−8 < v/vrms < 6. The sequence of positive/negative spikes leads to the deviation from
a Gaussian distribution. These spikes may be a result of the ejection/sweeping events
being quite rare in this corner region, and implies that the corner space becomes
positive-vorticity-loaded with the possibility that a vortex may be generated there.
The spanwise vorticity snapshot taken at t = 1860 (figure 8b) corresponds to a positive
spike that can be seen in figure 8(a) at t = 1860 and shows that a vortex has been
generated in the vicinity of the sampling point P3(2.82, 0.04, 0.0).

3. Summary
We performed DNS of a flow around a wall-mounted cube in a fully developed

turbulent channel and analysed the DNS data on the spatio-temporal evolution of
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large-scale vortical structures developing in front of the cube. The results support the
view that unsteadiness of this flow caused by inviscid–viscous interaction between the
horseshoe vortex and the narrow band of positive vorticity attached to the channel
wall in front of the cube. This interaction leads to ejection of the low-momentum fluid
away from the wall. The lifted-up fluid is partially swept back by the secondary vortical
structure, while the rest is entrained by the main stream, enhancing disturbances there.
For selected locations in front of the cube, we present turbulence statistics, including
the probability distribution function, skewness and kurtosis. For the vertical velocity
component, the results revealed an anomalous probability distribution, namely a
bimodal distribution and one with high kurtosis. Both these phenomena stem from
the spatio-temporal intermittent nature of turbulence in that region.
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