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Friction Factor for Circular Pipe with Uniform Roughness
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Abstract

On the basis of Nikuradse laboratory experiments conducted in circular pipe with uniform rough-
ness, five flow regimes are defined with respect to the characteristics of boundary layer such as
laminar, transition laminar, smooth turbulent, transition turbulent and rough turbulent flows. Two
cases are found for the transition laminar flow: one for the transition between laminar flow and
smooth turbulent flow and the other for the one between laminar flow and rough turbulent flow.
They all can be clearly determined by the relative roughness or the ratio of pipe diameter to
the roughness. Explicit functions are developed for the estimation of pipe friction factor for the
various flow conditions including turbulent flow regimes, which have excellent agreement with the
Nikuradse laboratory data.
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