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Variation of Friction Factor

In case of a laminar fully developed flow through pipes, the friction factor, fis found from the
exact solution of the Navier-Stokes equation as discussed in lecture 26, It is given by

64
L — 35.

* Inthe case of a turbulent flow, friction factor depends on both the Reynolds number and the
roughness of pipe surface. ’

¢ Sir Thomas E. Stanton (1865-1931) first started conducling experiments on a number of pipes
of various diameters and materials and with various fluids. Afterwards, a German engineer
Nikuradse carried out experiments on flows through pipes in a very wide range of Reynolds

number.
* A comprehensive documentation of the experimental and theoretical investigations on the laws
- of friction in pipe flows has been presented in the form of a diagram, as shown in Fig. 35.2, by
L Y L.F. Moody to show the variation of fiiction factor, f with the pertinent governing parameters,

namely, the Reynolds number of flow and the relative roughness s/D of the pipe. This diagram

is known as Moody's Chart which is employed fill today as the best means for predicting the
values of f .
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Fig. 35.2 Friction Factors for pipes (adapted from Trans. ASME, 66,672, 1944)
Figure 35.2 depicts that
e The friction factor fat a given Reynolds number, in the turbulent region, depends on the relative
roughness, defined as the ratio of average roughness to the diameter of the pipe, rather than
the absolute roughness.
» For moderate degree of roughness, a pipe acts as a smooth pipé up to a value of Re where the
curve of f vs Re for the pipe coincides with that of a smooth pipe. This zone is known as the
smooth zone of flow .

* The region where fvs Re curves (Fig. 35.2) become horizontal showing that f is independent of
Re, is known as the rough zone and the intermediate region between the smooth and rough
zone is known as the transition zone.
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