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18. Validity of the thermodynamic relations for the non-
equilibrium Gibbs surface
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Non-equilibrium Gibbs surface Error in percent



19. Validity of the equations of state
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Equations of state Error in percent



Conclusions for mixtures

• Verified local equilibrium numerically for the Gibbs surface 

• Surface as described using excess densities can be 

considered as a separate thermodynamic phase

• The analysis for non equilibrium mixtures shows that one may 

always use the excess densities as the appropriate property 

of the surface

• A lot of applications



19. From continuous to discontinuous description

The continuous entropy balance equation is

where

To simplify the analysis we will consider only fluxes and 
gradients in the direction normal to a flat surface.

It is now convenient to use fluxes that are independent of x.



Such constant fluxes are the energy flux Je and

the mass fluxes

We have:

Substituting this in the entropy production one obtains after
some considerable algebra:

Using that the total mass flux is the sum of the separate 
mass fluxes we will combine the second and the third term. 
It is then convenient to introduce



Using the constant nature of the fluxes the entropy production
may be written in the following form:
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Integrating this from one side of the surface to the other one gets

for stationary states.

The last term is related to the phenomenon of finite slip along
the surface. We shall neglect viscous stresses so that this term 
is zero.



It is now appropriate to re-introduce the measurable heat fluxes

where
The measurable heat flux is discontinuous at the surface

In terms of the measurable heat fluxes the excess entropy
production becomes:

Note the difference in the chemical forces.



The resulting force-flux relations are

on the vapor side, and

We note that to linear order
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Mention the sign difference between the thesis and the book



The relation between the measurable heat fluxes on the
liquid and the vapor side can be written to linear order as: 

Using the Onsager reciprocal relations it follows that both
resistivity matrices are symmetric.

Together with it follows that:



Remarks
• Considering only transport normal to a flat surface

simplifies the analysis considerably.
• For 2-dimensionally isotropic surface, which is thin

compared to the curvature radii this makes no
difference.

• The more general case is considered in 
Glavatskiy’s thesis.

• Remains the calculation of the transfer resistivities
for the surface.

• The results depend on the alphas and should be 
compared to experiments, MD simulations or 
kinetic theory. This determines the alphas.

• We used kinetic theory as the only available source
of relevant data.
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