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Abstract:

Classical mixing length theory is combined with a new mixing length model of the turbulent shear stress to solve the momentum
equation for the pipe/channel flow velocity profile. The solution takes the form of an integral that is uniformly valid from the wall to
the channel centerline at all Reynolds numbers from zero to infinity. The universal velocity profile (UVP) generated this way can be
viewed as a replacement for the classical wall-wake formulation. All 26 profiles of the Princeton Super Pipe data are approximated to
within a root mean square error of 0.3%. The UVP also provides a fit of comparable accuracy to channel flow DNS data and to simu-
lated and experimental boundary layer data including zero, favorable and adverse pressure gradient cases. Application of the UVP to
rough-wall pipe flow and compressible boundary layers will be discussed. The inherent dependence of the UVP on Reynolds number,
extended to include the effect of pressure gradient, enables it to be used as the basis of a new method for integrating the Karman
integral boundary layer equation for a wide variety of attached flows. Using this method, the viscous drag of an attached flow airfoil
can be rapidly determined at any chord Reynolds number.
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