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Study on the Inverted Temperature Profile Based on
Non-Equilibrium Molecular Dynamics
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Problem of the inverted temperature profile in condensation has been discussed at length in
kinetic theory. The possible occurrence of the inverted temperature profile raised serious doubts
about the validity of the previous theory, because the result seemed physically unreasonable. In this
study, non-equilibrium molecular dynamics (NEMD) simulation with two facing surfaces of evapo-
ration and condensation is carried out in order to obtain further evidence for the occurrence of the
inverted temperature proﬂle Heat and mass transfer rates across the liquid-vapor interface during
the condensation of argon are calculated for different non-equilibrium conditions given by changing
the temperature of evaporating surface. From a view point of irreversible thermodynamics, the
criteria for the inverted temperature profile are examined with the NEMD data and we have a
conclusion that the inverted temperature profile may occur without contradiction to the second law
of thermodynamics. In addition, we found that the molecular reflection at the condensing surface has
an important role in the inverted temperature phenomenon. The reflected molecules do not accommo-
date with the condensing surface so that those molecules raise the temperature in the vicinity of the
condensing surface under the non-equilibrium conditions.

Key Words: Condensation, Thermodynamics, Non-Equilibrium, Inverted Temperature Profile,
Molecular Dynamics, Condensation Coefficient
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Fig. 1 Comparison of temperature profiles for different
boundary conditions at the condensing surface
(DSMC results for 102K argon surface)
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Fig.2 Temperature and density profiles
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Table 1 Heat and mass fluxes adjacent to condensing surface

r,-r, T* J AT AT i o

Kl [kg@s)]  []  x10'[kg] x10°Pmds)]  [KIAK-mls)]
110-100 1032 6668  -0.0317  -1.092 -1.11 725
115100 1054 8693 00493  -1.114 -1.82 957
120-100 1076 11336 00646  -1.156 262 1285
125-100 1090 14428 00724  -1.163 2.96 1639
130-100 1094 17403 00692  -1289 225 218.7

Table 2 Phenomenological coefficients and resistivity coefficients derived from NEMD

5 8 5 5 8
lag Lou " Y Vou L
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