Thermodynamics of out of equilibrium steady states
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Motivation and goals

Second law of thermodynamics: after removal of the
constraint (e.g. we allow the wall to move) the final state
of the system minimizes the total energy of a system

U(S12, V1, Vo, N)

min
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Vi+Vo=V

S12 =51+ 52

Is there a generalization of the second law

to steady states?

Does the nonequlibrium entropy exist and Is It useful?
Does steady state thermodynamics exist?

State of the art

Prigogine (1967), Oono and Paniconi (1998), Hatano
and Sasa (2001), Komatsu, Nakagawa, Tasaki, Netz,
Speck, Seifert, Mandal, Jarzynski, ...

higher temperature differences?

heat
flow

min
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Vi+Vo=V
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Heat and mass flow
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Change of a steady state.:

To — 1o+ dT V. — V., +dV., L — L+ dL

Energy balance E = E, +U
when passing to another (nearby) steady state

dE = d() — pdV + dW,,
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excess work of the wall
(parallel motion)

ty
dWw — / dt/ d27°’ﬁ/ y (H 'V — Hst (t) * Vgt (t))
t; AV (t)

Second law
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Position of the wall determined by: dE — d() — dW,, < 0

Rayleigh-Benard convection
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times:
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Steady state thermodynamics
°Including chemical reactions in collaboration with:
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Wrobel
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