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» Malkus' original idea - Maximum Entropy Production
* Variational Techniques

a) Euler-Lagrange (Howard-Busse)

b) Background approach (Doering-Constantin)

- "Efficiency” functional



Rayleigh-Benard convection

cold

OO0

hot

Malkus (1954a,b)

T Of all the possible solutions,
the one which is selected is
that which has the largest
heat transport”

Malkus & Veronis (1958)
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Extend competition to non-solutions - Howard (1963)
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Fig.1. Qualitative sketch of the nested boundary layers which characterize the
vector field of maximum transport.
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Frcunre 2. Tho mean velocity in planc Couctte flow measured by Reichardt (1959) at

= 5900 (+), and Re = 34000 (A). The straight line

lizing solution of the varia-

Re = 1200 (O), Re = 2900 (x), e = ¢
deseribes the asymptotic profilo corresponding to tho extrema

tional problem.
Busse 1970
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FIG, 26, Universal dimensionless mean velocity profile of furbulent flow close to
a smooth wall according to the data of tube-, channel-and boundary-layer mea-
surements [according to Kestin and Richardson (1963)].
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Doering & loustantin (1792,1394, 1935, 1996 )
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Summary

Variational methods are a valuable tool

» Extract (inequality) scaling laws
e.g. wall-bounded shear flowse ~O(1) asn— O

: : 1/2
Boussinesq convection  Nu ~ Ra

» Test hypotheses

(a) effect of extra constraints...

(b) look for an Action functional
- Efficiency is promising but unsubstantiated

Key omissions are Stability constraints...
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- Various Domains and Prandtl Numbers
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Figure 4-1: The Howard-Busse upper bound and experimental data.
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