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Numerical Analysis of Turbulent Boundary Layer on a Flat Plate
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Abstract: As far as the temporal mode direction numerical simulation (DNS)has been considered in an incompressible
boundary layer on a flat plate,the computation in laminar-turbulent transition might be continued to obtain the results of
turbulent boundary-layer. Analytical results show that the normal-wise distribution of several statistical mean values of
disturbances of a fully developed turbulence,such as the mean flow profile,the non-dimensional mean velocity defect,and
the root mean square of the fluctuating velocity,as well as the Reynolds stresses,bear similarities in nature ,which might be
used to simplify the computation of turbulent flows. It must be pointed out that,from the end of transition to the fully
developed state of turbulence,there should be a transient period,during which the similarities do not hold. However,the
results would helpfully provide a feasible way to make the turbulent computation simple and exact in some technical
problems. Other characteristics of turbulence,such as the time history of shape factor and displacement thickness,were also
analyzed. Based on the above results,the computational domain in the stream-wise direction should be reduced to the half
length in order to improve the resolving power to observe the coherent structures. Analytical results indicate the coherent
structures ,which were characterized by the quasi-stream-wise vortexes or vortex pairs,exist in the wall region of a turbulent
boundary layer.
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Tab.1 Parameters of initial disturbances
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Fig.3 Evolution curves for the skin-friction coefficient
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Fig.5 Distribution of mean root square fluctuation velocity across the boundary layer for different moments
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Fig.8 Isolines for fluctuation velocity «" in a certain x*-z* plane,within the turbulent boundary layer at different location y*
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Fig.6 Distribution of Reynolds stresses across the boundary layer for different moments
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Fig.9 Instantaneous velocity vector plot in a typical y-z plane and its local enlarged-view velocity vector plot,as well as the isolines
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