Workshop on wall-bounded turbulent flows

Workshop 1 Summary (Arne Johansson)

The presentations in workshop 1 illustrated a number of the key features of wall-bounded turbulent flows.  Issues scrutinized in these presentations and in the following discussions concerned the similarities and differences observed between the three different canonical wall-bounded flows: channel, pipe and zero pressure-gradient boundary layer.  Also the degree of self-similar behavior in the near-wall region was discussed from various viewpoints. 

It was emphasized by several participants that it would natural to expect a high degree of similarity between the pipe and channel flows concerning (at least) the near-wall behavior, while the zpg boundary layer flow stands out because of its spatially developing character.  Despite this the findings from the superpipe as presented by B. McKeon and J. Morrison exhibit some distinct differences as compared to the other two flow situations, e.g., concerning the mean velocity profile in the overlap region.  The spectra from the pipe flow (at $y^+=O(10^3)$) also exhibit large peaks related to streamwise scales that are of the order of 10R.

The mean velocity profiles at very large Reynolds numbers in the superpipe (B. Mckeon) exhibit a region of logarithmic behavior that starts at $y^+\approx 600$ and has a von Karman constant of 0.421.  

The influence of the outer scales for the near-wall dynamics was illustrated in several of the presentations.  The increase of the streamwise turbulence intensity (normalized by $u_\tau$) with increasing Reynolds number appears to a result of this and has been recognized in all three canonical flows.  This has also been observed in the superpipe despite the difficulty there with very small viscous length scales (J. Morrison).  J. Jimenez presented two-dimensional spectra, where the largest scales could be observed to scale with outer scaling, resulting, after integration in a Reynolds number effect on the streamwise turbulence intensity maximum near the wall.  This behavior was also discussed by J. Morrison in the light of Townsend’s ideas of active and inactive motions.  J. Jimenez gave the interpretation that the outer scale influence mainly comes from long and wide structures feeding into the inner flow.

H. Nagib presented the recent channel flow data of Zanoun and co-workers.  The overlap region there is well described by a log-law with constants very close to those found recently in zpg boundary layer flow.  New interesting observations were also reported concerning non-equilibrium behavior in conjunction with adverse and favorable pressure gradients in boundary layer flow.  By direct measurement of the wall shear stress it could be identified that the effect on the log-layer constants is large in such non-equilibrium situations.

In comparing the wake component of the three different canonical cases (H. Nagib) it can be observed that the channel flow has the smallest wake strength, while the boundary layer has the strongest wake component.

There was a consensus that there is a need for new high Reynolds number experiments with detailed flow measurements in pipe and channel flows.  A. Johansson presented an idea of a joint effort with a new high-Reynolds number pipe flow facility.  The pipe flow would in this case be realized with air as the flowing medium and the maximum Reynolds number in the range 2-2.5 million or 33-44 $\times 10^3$ in terms of friction Reynolds number.  Preliminary steps have been taken to realize such a facility in Italy, connected with the Univ. of Bologna.  A possible location there would allow a pipe of a total length of about 120 m and a diameter of say 0.75 m.

The wish was also expressed that the large data-sets generated in connection with high Reynolds number experiments and direct numerical simulations be documented and made available for researchers in a well-organized manner.  There should be a central web-page with short descriptions and pointers/links to the different databases around the world.  Several alternatives are possible and e-fluids is one of them.

Workshop 2 Summary (Min Seong Chong)

Log-law constants: What are the “right values'” and “Why do they matter?'”

According to Peter Monkewitz, log-law constant $\kappa$ is 0.38 from matching between inner and outer expansion and curve fitting experimental and DNS data.

Ron Panton concluded that the log region lies in region where Reynolds shear stress $\approx$ 1 and the experimental data fall short of this. 

Bob Moser, using DNS data concludes that $\kappa$ = 0.43 – with Reynolds number correction.

Ron Adrian went through a ``wave packet'' model and discussed close wall structures and interactions with wake structures in the outer flow.

Lex Smits concluded the session and discussed the different values of $\kappa$ and went through the reason why it mattered.

Nagib added that the value of $\kappa$ is important and if it is not universal, it will have impact on modeling, especially RANS modeling.

There were some disagreement on this as it was felt that in engineering calculations boundary conditions were more important and that most engineers were not interested in details.

There were some discussion regarding vortex structures - Javier claims that such structures are not see in his simulations. However, Ron Adrian insists that such structures are clearly see in his flow viz. Ivan Marusic suggests that these structures are only an ensemble image of typical eddies in the boundary layer and is only a “model'” which is useful to predicting what happens in the boundary layer.

Workshop 3 Summary (Gary Kunkel)

Scaling and experimental issues at very large Reynolds numbers.  

How many/which parameters do we need to characterize a wall bounded flow over a rough surface? (e.g. what is the minimum we can get away with?)  One not enough; 3,4,5,… too many; 2 parameters? Roughness height (Roughness/bluff body regime not well defined), Uniformity, Orientation. Spanwise characteristic of flow above roughness?

Is it more useful to characterize the flow above the roughness instead of the geometry of roughness elements themselves?  Using correlations, spectra, and other one point measurements 

However, it is still desirable/ important to know the direct effects of roughness on flow. 

Change/gradient of roughness has direct influence on shear stress distribution.  Equilibrium of flow important when comparing/studying rough-wall boundary layers.

Are high Reynolds number smooth wall facilities useful?  Important for comparison with rough wall pipes.  As rough wall limit.  Flow structure comparison. Inconsistencies in transitional roughness formulations, discrepancies in data sets; physically what is happening?

Even though statistics describing the mean relative and energy containing motions appear to be the same in smooth and rough wall turbulence could the structures producing these statistics be different?

What do we want to do; collapse curves or understand what is happening?  

Can high Reynolds number experiments avoid/control the effects of roughness?

Need images of surface (smooth and rough) for comparison/ later defense of data.

Rough rule of thumb from industry and super pipe-- for surface to be considered smooth k+rms<1.

Accurate mean flow measurements required for accurate rough wall defect measurements.

Shear stress measurements in rough wall boundary layers.  Difficulty with local force balances.  Use of large drag balance or entire plate?

Spatial resolution problems at high Reynolds numbers.

