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Mathematical and Numerical 
Principles for Turbulent Mixing

Abstract: Turbulent mixing is an important aspect 
of a number of practical problems, often combined 
with combustion or some other reaction. Due to 
the importance of this problem, considerable effort 
has been invested in verification (mathematical 
correctness of numerical solutions) and 
validation (correctness and applicability of 
the equations to be solved). A standard test 
problem of this class is Rayleigh-Taylor mixing, 
the problem of a heavy fluid over a light one, 
mixing under the acceleration force of gravity.

We present a clear solution to many of the 
mysteries associated with this problem, and we 
correct a number of common and widespread 
errors made in previous attempts to solve it. Due 
to the small values of physical viscosity and mass 
diffusion, these quantities are often approximated 
by zero. However their ratio, the Schmidt number, 
is then 0/0, i.e. indeterminant. Since the mixing rate 
depends on the Schmidt number, the mixing rate, 
so modeled, is also indeterminant. 

We present a practical computational algorithm to 
resolve 0/0, to obtain mesh converged solutions 
which agree with experiments. In addition to 
the overall mixing rate, we return to the original 
motivation for this problem, and consider chemical 
reaction rates, which, in our approach are also 
convergent, without use of any model, other than 
the turbulence models used for viscosity and mass 
diffusion.
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