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Drag reduction by polymers in wall turbulence
is known since the 1940’s but a theory of the phe-
nomenon remained elusive. I will present such a
theory, explaining both the universal and the non-
universal aspects of the phenomenon. The univer-
sal aspect is that the amount of drag reduction is
bounded from above by the so-called maximal drag
reduction (MDR) velocity profile that is a log-law, es-
timated experimentally by Virk as V +(y+) ≈ 11.7 log
y+ − 17. Here V +(y) and y+ are the mean stream-
wise velocity and the distance from the wall in “wall”
units. I will show how to derive this law from first
principles, using the fact that this MDR profile is an
edge solution of the Navier-Stokes equations (with
an effective viscosity profile) beyond which no tur-
bulent solutions exist. This insight rationalizes the
universality of the MDR and provides a maximum
principle which allows an ab-initio calculation of the
parameters in this law without any viscoelastic ex-
perimental input. The non-universal aspects have to
do with the crossovers from the MDR to the New-
tonian plug. These crossovers depend on many pa-
rameters: the Reynolds number, the concentration of
the polymers, the number of monomers in a polymer
and what not. I will show that the theory predicts
correctly these crossovers as a function of the param-
eters.


