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STRUCTURE AND  SCALING  OF  TURBULENT  BOUNDARY  LAYER UNDER THE INFLUENCE OF ADVERSE PRESSURE GRADIENT
Stanislaw Drobniak, Artur Drozdz, Witold Elsner, Magdalena Materny 

Technical University of Czestochowa, Czestochowa, Poland

The paper deals with the experimental analysis of turbulent boundary layer at the flat plate for large value of Reynolds number equal Reθ ≈ 3000. The experiment was performed in an open – circuit wind tunnel, where the turbulent boundary layer developed along the flat plate, which was 2807mm long and 250mm wide. Elliptical shape of the leading edge of the flat plate was applied to prevent the separation. To modify the flow circulation around the plate and to ensure the required streamwise pressure gradient, the trailing edge flap and screen at the outlet from the test section were also applied. The fully developed turbulence structure was achieved by proper triggering of the boundary layer. The inlet conditions and the adverse pressure gradient generated by curvature of the upper wall corresponded to the case of pressure variation in axial compressor.  


The mean and turbulent flow – fields were investigated with the use of hot–wire technique. The turbulence characteristics within the boundary layer were studied with the use of single sensor probe (Dantec Dynamics 55P15) as well as X- wire probe (Dantec Dynamics 55P52). The purpose of single HWA application was the investigation of the near wall phenomena in the region where X-probe could not be applied due to bigger measuring volume. The details of experimental rig and conditions, as well as description of measuring techniques may be found in Materny et al. (2008a). 

Fig. 1a presents the downstream evolution of shape parameter H versus nondimensional longitudinal coordinate Sg,  which is typical for turbulent boundary layer approaching separation under the APG conditions. The value of shape parameter reveals however, that the turbulent boundary layer analyzed has not been separated yet. 
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Fig. 1  Downstream evolution of shape parameter(a) and shear stresses(b) at APG region

On the other hand at the first traverses (Sg ≈ 0.4 – 0.55) the shape factor is slightly below the value 1.41, which is typical for turbulent boundary layer, but it results from the history of the flow i.e. acceleration of the flow in the upstream converging part of the channel. The above observations are confirmed by the analysis of shear stresses distribution presented in Fig. 1b. The more detailed experimental analysis  has shown that presence of adverse pressure gradient change behaviour of boundary layer, what was confirmed by increase of velocity in the wake region and elevation of Reynolds shear stresses in the outer part of boundary layer (for details see Materny et al. 2008a). The last observation confirms the pronounced contribution of outer region to the downstream development of turbulent boundary layer. The results obtained suggest, that tbl boundary layer at APG conditions requires two velocity scales, i.e. inner (imposed by inner boundary condition from constant shear stress layer) and outer (imposed by outer layer) velocity scales. Among the scaling proposals published in literature so far the Zagarola-Smits scaling seems to be the most suitable for the mean-velocity profile even for very strong APGs, bearing in mind the experimental data obtained during the present research. 
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Fig. 2 Evolution of rms of  velocity fluctuations along the flat plate at APG region.

The results concerning the development of turbulent velocity fluctuations, shown in Fig. 2 reveal the basic physics behind the idea of outer scaling, in particular the appearance of second peak of velocity fluctuations confirms the more pronounced contribution of outer region to the downstream development of turbulent boundary layer. The more detailed experimental evidence concerning the scaling of turbulent boundary layer at APG conditions together with the uncertainty analysis and comparison with available literature data  (presented in Materny et al 2008b) confirm the good quality of experimental results and support the validity and trustworthiness of conclusions presented in the paper.
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