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We developed "global thermodynamics™ as a new framework for describing
macroscopic systems exposed to heat flow, and succeeded in extending the thermodynamic structure to
the heat conduction state. By using the variational principle in accordance with this framework, we
proposed a new phenomenon that "heat flow stabilizes a supercooled gas near the gas-liquid
interface”. We derived that the entropy in heat conduction systems involves an additional term that
leads to nonadditivity. We set up the variational principle of global thermodynamics for multiple
environmental settings and confirmed that the states of maximum entropy and minimum free energy are
the same nonequilibrium steady state. In addition, we derived a formula for determining the mixing
free energies of binary fluids in numerical simulations. The formula reproduced the characteristics
of the liquid-gas transition observed in the argon-krypton mixture.
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