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Analysis of the Coherent Structure of a d-Type
Rough Wall Boundary Layer with the VITA Technique

Shinsuke MOCHIZUKI and Hideo OSAKA

Abstract
Conditional averages of the longitudinal, normal velocities and their products have been obtained using

the VITA technique in a turbulet boundary layer over a d-type rough surface at a momentum thickness

Reynolds number of Rs=800. It is shown that the ensemble averaged patterns reflect both the well known

ejection and sweep events, even in the present low Reynolds number flow. Both ejections and sweeps

made a strong, intermittent contribution to the Reynolds stress and the turbulence production. Near the

wall, the ejection phase plays a predominant role. The normalized averaged bursting frequency is

considerably larger for the present rough wall flow than the smooth wall flow at almost the same

Reynolds number. It is inferred from the increase of both the width of the intermittent region and the

entrainment rate that the width of the highly irregular interface between turbulent and non-turbulent

flow fields increses with a decreasing Reynolds number.
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Fig.1 Mean velocity profile and indication of
the measured locations (Re=800).

Table 1 List of the measured locations.
y* | y/é Contents
A | 8.9 0.03 | Buffer layer
B 17 | 0.05 | Buffer layer
C 231 0.07 | Buffer layer
D 36 | 0.11 | Lower limit of logarithmic

layer and dection point

62 | 0.19 | Logarithmic layer

97 | 0.30 | Upper limit of logarithmic layer
163 | 0.52
230 | 0.71 | Outer layer

282 1 0.86 | y/ 6=0.8 where an intermitten-
cy factor y takes a value of 0.5
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Fig.2 Instantaneous streamwise velocities with

simultaneous measurement at eight
points.
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Fig.3 Conditional averaged streamwise
velocities as a function of y.
(in case of au/at>0)
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Fig.5 Conditional averaged signals of uv

component as a function of y.
(in case of au/at>0)
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Table 2 Comparison of the detection criterion for each result in Fig. 6.

Experimentalists Rs | Detection Threshold | Averaging | Wall surface
location y* | level K time T+ type
(A) | Author’s 800 36 1.0 20 d type
(B) | Blackwelder et al. 2550 15 1.2 10 Smooth
(C) | Andreopoulous et al. | 2620 28 1.2 10 Smooth
(D) | Author’s 5000 15 1.0 10 d type
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Fig.6 Comparison of the conditional averaged
profile of the streamwise fluctuating
velocity component.
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