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Extension of Entropies to Heat Conduction

Which is the steady state ?

Need a GLOBAL viewpoint for Heat Conducting systems



Global thermodynamic structure with Global temperature
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Thermodynamic relations in linear response regime

dH = TdS + Vdp + jidN + 0(62) The degree of non-equilibrium
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Global Temperature
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Additivity ?

St = S(H",p,N*)  SY = S(HY, p,N®)
H=H"+ HS

N = NV + N©

Liquid

Question S = SL + SG ? Thermodynamic additivity?
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No [ 7L = TG
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unknown intensive quantity ¢ oJ

S =58"+S5+ gy

unknown extensive quantity ¥




Simultaneous Extension of Thermodynamic and Variational Entropies
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S(H,p, N, ) = S + 59 + p¥
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Conditions

(1) Thermodynamic variables (H,p, N, ¢)

(2) S(H,p,N, ¢) = max S, N H, p, N, @)
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Unique extension of Entropy

Results
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Thermodynamic function
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Interface temperature 6 and meta-stable states

Q_TC(P)=X(LX—X) [|J|< 1 >_ |7, - T | V<pL_pG)

2L, kG kL L. N
P
l # kXS heat conductivity of liquid or gas
; , pYS  density of liquid or gas
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----- T.(p) Heat flow stabilizes meta-stable local states.
: : 0
X » X



Prediction from Global Thermodynamics

H2O in atmospheric pressure

p = 1013 hPa

uHX7) # uS(X)




Summary of Global Thermodynamics

Variational function

Thermodynamic relation

constant enthalpy S=1L,L. fo ) do+ o0 | dS = d_H _ K 'udN—I—\Ilqu
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Steady States
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Numerical Verification in the Next Talk!

(T,V,N, ¢)

Experimental studies are now in progress.

Global Temperature
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Thermodynamic

super-cooled gas



