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P. Bradshaw, 1994
Turbulence was probably invented by the Devil on the seventh day of
crea on when Good Lord wasn’t looking.
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• Big whirls have li le whirls, which feed on
their velocity. Li le whirls have lesser whirls,
and so on to viscosity

• The o en-repeated statement that: Given
the ini al condi ons we know what a deter-
minis c system will do far into the future is
false. (P. Cvitanovic̆, 1983)
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Reynolds experiment,

Energy cascade,

RANS/LES,

Turbulence models

Example
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Re ≜ ρLu
µ

The ... experiments were made on three tubes ...
The diameters of these were nearly 1, 1/2 inch
and 1/4 inch. They were all fi ed with trumpet
mouthpieces, so that the water might enter with-
out disturbance. The water was drawn through
the tubes out of a large glass tank, in which the
tubes were immersed, arrangements being made
so that a streak or streaks of highly colouredwater
entered the tubes with the clear water.
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Where Reynold's number comes from

x ≜ x̃L
u ≜ ũU

...
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Where Reynold's number comes from
∇̃ũ = 0
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T :

the interac on between pressure
gradients, iner al terms and viscous
forces
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No ma er how powerful future computers will be, it will always exist a turbulence
problem that can not be solved in human me![Maurizio Quadrio]
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Many ways to compute the mean that lead to diffierent models (RANS,ILES,ELES)

x ≜ x̄ + x′, ¯(•) →

The more intui ve is ILES, but concepts are
the same also for other approaches
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Reynolds Stress Tensor,

Closure of the averaged equa ons,

Turbulence models
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Businnesque hypothesis (algebraic) νt,

1 equa on (differen al) Spallart-Almaras,

2 equa ons (differen al) κ− ϵ,κ− ω,

Machine learning approaches?
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Thank you for your a en on!


