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AbstractBased on the fact that the distance between the heat exchange surfaces has little influence on the separa-
tion efficiency in the short-path distillation, a hypothesis that the heat and mass transfer process in the transition
region is controlled by heat convection is proposed; the gas-liquid state in the transition zone was calculated by numer-
ical simulation experiment. The results show that the gas-liquid volume fraction and temperature fluctuation in the
evaporation and condensation process is unstable, while the gas-liquid volume fraction and temperature fluctuation in
the transition zone is stable in the short-path distillation process. It can be concluded that in unsteady thermodynam-
ics, the transition zone is a stable convective heat transfer process that is not affected by the distance between heat
transfer surfaces. Thus, under ideal conditions, the continuous extension of the transition region has little effect on the
distillation efficiency.
Keywords: Short-path Distillation, Fluent, Molecular Dynamic Simulation, Transition Region, Evaporation and Con-

densation

BACKGROUND AND INTRODUCTION

Molecular distillation, as an emerging technology suitable for the
separation of high boiling point, heat-sensitive, and easily oxidized
material, has been recognized as the safest separation and purifica-
tion method [1,2]. It takes advantage of the difference between the
critical boiling point of different substances (0-100 Pa) and the aver-
age free path of molecules under the vacuum condition, to achieve
unsteady evaporation separation by instantaneous heating [3]. The
mean free path of a molecule is the average of the distance traveled
by a molecule between successive collisions. Molecular distillation
equipment has been widely used in the preparation of active ingre-
dients and pharmaceutical intermediates, especially in the separation
and purification of high-end pharmaceuticals, cosmetics, nutrition,
and other industries [4-8].

The molecular distillation process is generally divided into the
following four steps:

(1) Under the action of gravity, centrifugal force, or mechanical
stirring, the material forms a continuous and uniform liquid film
on the evaporation surface.

(2) The molecules vaporize freely on the surface of the liquid
film.

(3) The vapor molecules escaping from the evaporating surface
move to the condensing surface.

(4) The light component vapor molecules are condensed when
they reach the condensation surface.

Kawala and Stephan [9] experimentally found that under the same
operating conditions, appropriately increasing the distance between
the evaporating surface and the condensing surface, making it
larger than the mean free path of the light component molecules,
had no significant effect on the separation effect of molecular dis-
tillation, but greatly increased the processing capacity. Based on
this fact, “molecular distillation” is also proposed as the concept of
“short-path distillation”, which means that the distance between the
evaporating surface and the condensing surface is not limited to the
molecular mean free path of the gas. Other studies using molecu-
lar distillation test equipment (spacing for 46 mm) and test equip-
ment (spacing for 60 mm) on the medicinal composition in deep-
sea fish oil extraction, the heavy phase medicinal components were
29.3% and 30.7%, respectively [10]. The experiments have proved
that appropriate increase in the distance between the surface evap-
oration and condensation surface of molecular distillation separa-
tion efficiency has not much impact. However, the mechanism of
the physical phenomenon that the distance between heat exchange
surfaces has little effect on the separation efficiency has not been
explained in detail. In this paper, FLUENT and Molecular Dynam-
ics Simulation were used to discuss the mechanism.

To study the transfer process of molecular distillation in-depth,
the molecular distillation process is generally divided into three
parts: evaporation, condensation, and gas-phase flow in the transi-
tion zone between them. And various corresponding mathemati-
cal models are established to explain the mechanism of mass transfer
and heat transfer in the molecular distillation process.

The study of gas-phase flow in the transition zone can be mod-
eled from both macroscopically and microscopically. Macroscopic
modeling, in which gas is treated as a continuum, uses spatial and
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temporal variables of macroscopic flow properties, such as velocity,
density, pressure, and temperature. The traditional mathematical
model of macroscopic modeling is described by the Navier-Stokes
(NS) equation. The microscopic model, also known as the molec-
ular model, regards the gas as composed of numerous discrete mole-
cules, each of which has variables such as position, velocity, and state
at any time. The mathematical model at the molecular level is de-
scribed by the Boltzmann equation.

In the actual molecular distillation unit, the distance between the
evaporating surface and the condensing surface is in the same order
as the mean free path of gas molecules, so the value of Kn is high
and the gas phase flow in the molecular distillation unit is in the
transition flow region, which no longer meets the continuum hy-
pothesis. Specifically, when studying the gas flow in molecular dis-
tillation, the rarefaction effect of the gas should be considered. The
governing equation of the gas flow is the Boltzmann equation:

(1)

where Cr=|1| is the relative velocity of gas molecules, and
has a distribution function f=f(t, x, ), f1=(t, x, 1), f*=f(t, x, *),
f1
*=f(t, x, 1

*); velocities * and 1
* are the corresponding velocities

of two molecules with velocities  and 1 when they collide with
each other;  is the molecular pair collision cross section; F is the
external force acting on gas molecules; m is the mass of gas mole-
cules;  is the solid angle.

In the process of molecular distillation, rarefied gas flow has the
characteristics of multi-component, variable temperature, compress-
ibility, and large Kn number. The Boltzmann equation is the best
description of the flow problem.

Due to the wide application of short-path distillation in the indus-
trial field, most of the researches focused on the optimization of
process conditions, macroscopic liquid film state, and heat trans-
fer [11,12]. There are few researches on the mechanism of molec-
ular distillation from the micro perspective. To better describe the
evaporation and condensation process, many scholars at home and
abroad have joined the molecular dynamics research at the micro-
level to study the heat and mass transfer process at the micro-level
[13,14].

To describe the certain transport phenomena in the nonequilib-
rium transition layer induced by the evaporation, reflection, and con-
densation of molecules, in the literature [15-17], researchers carry
out molecular dynamics (MD) simulations of evaporation and con-
densation of fluid Ar in a nanochannel. By adjusting the temperature
difference (T), between the evaporating and condensing surfaces,
they control the steady-state evaporation and condensation fluxes
(JMD) [18]. In the evaporation process, the net flux of fluid mole-
cules at the liquid-gas interface is equal to the difference between
the molecular flux evaporated from the liquid and the molecular
flux condensed on the liquid. The net condensation process is just
the opposite.

By changing the length of the nanochannel in the simulation, the
molecular number density and temperature were monitored. The
temperature and density distribution obtained by molecular simu-
lation was analyzed, and the results show that the mass transfer and
heat transfer process is controlled by thermal diffusion, and with

the increase of gas-phase length, the convection velocity will even-
tually exceed the diffusion speed. And the molar fluxes in the gas
phase are equal under different lengths, which better explains that
there is no resistance in the gas phase process, and the control is
realized by convection [17]. Since molecular distillation is a non-
equilibrium evaporation condensation process, the evaporation and
condensation stage are controlled by diffusion [15,19,20].

At present, most MD models are single-component evapora-
tion and condensation, and there are few studies on multi-compo-
nent molecular simulation in molecular distillation. To verify the
effect of spacing on separation efficiency, the mass and heat transfer
simulation of the multi-component distillation process in the tran-
sition zone of the evaporative and condensing surface was carried
out.

MOLECULAR DYNAMICS SIMULATION

With the development of the application of molecular distillation
technology, people have an urgent need to understand the micro-
scopic physical phenomena and physical mechanisms of molecu-
lar distillation. Due to the limitation of measurement technology
and experimental level, the experimental study on the microscale
flow and mass transfer has encountered great difficulties. There-
fore, theoretical analysis and simulation have become the main
means to study the microscale flow and mass transfer in the gas
phase of molecular distillation. In this paper, the flow, mass trans-
fer, and heat transfer of gas components in the transition zone of
short-path distillation at the micro-scale were studied by molecu-
lar dynamics simulation.
1. Simulation Method

The molecular structure of N-dodecanol and N-hexadecanol is
complex. To improve the calculation efficiency, molecular coarse
granulation is modeled. Coarse-grained (CG) modeling is an alterna-
tive to all-atom (AA) modeling, wherein some of the atomic detail
is averaged out so that much longer time and length scales come
within reach. In recent years, coarse-grained approaches have been
highly successful for a wide range of biomolecular systems such as
proteins, lipid bilayers, and carbohydrates [21-24].

In the whole atomic molecular dynamics simulation, the atom is
the smallest element of force interaction. The coarse-grained molecu-
lar dynamics simulation is based on the whole atom molecular
dynamics simulation, which regards several adjacent atoms as a
whole, named “beads”, as shown in Fig. 1. The coarse-grained model
simplifies the molecular structure, reduces the number of degrees of
freedom in the simulation, and improves the computational effi-
ciency.

Three molecular simulation systems with different distances are
shown in Fig. 2. The space of the bottom 99A * 99A * 99A is com-
posed of liquid molecules. A part of the molecule is fixed as a heat-
ing plate, some molecules are also fixed at the top as condensing
plates, the thickness of the plate is 40A. The model of the molecu-
lar distillation system consists of biphasic molecules: N-dodecanol
and N-hexadecanol. The liquid phase at the bottom of the box con-
sists of 1800 N-hexadecanol molecules and 2200 N-dodecanol mole-
cules; the top condensation layer consists of 1500 N-dodecanol
molecules. Adjusting the reasonable initial coordinates of atoms

f
t
----  

f
x
-----  

F
m
----

f

------   f* f1

*

   f f1  Crdd1
0

4










308 Z. Duan et al.

February, 2022

and the energy minimization configuration of the steepest descent
algorithm is used [25,26].

Considering the computational efficiency and reasonable reli-
ability under the level of classical mechanics, the molecular group
described by L-J potential is used to simulate the actual molecules.
The interaction between atoms is described by the L-J potential as
follows:

Fig. 1. Coarse-grained molecular model process.

Fig. 2. Initial modeling of the simulation system.

Table 1. Parameters of non-bond stretch potential
Bead-A Bead-B D0 (kcal/mol) R0 (A)
CT2 CT2 0.315 4.50
CT2 CM1 0.370 5.02
CT2 CO 0.360 4.50
CT2 CT 0.385 5.01
CT2 CM 0.370 5.02
CT2 CO1 0.360 4.50
CM1 CM1 0.432 5.23
CM1 CO 0.400 4.58
CM1 CT 0.443 5.24
CM1 CM 0.432 5.23
CM1 CO1 0.400 4.58
CO CO 0.466 4.18
CO CT 0.430 4.55
CO CM 0.400 4.58
CO CO1 0.466 4.18
CT CT 0.470 5.22
CT CM 0.443 5.24
CT CO1 0.430 4.55
CM CM 0.432 5.23
CM CO1 0.400 4.58
CO1 CO1 0.466 4.18

Note: D0 is the well depth of potential, and R0 is the equilibrium
distance.

(2)

where  and  are the energy and distance parameters; rij is the
distance between atoms i and j; rcut is the cut-off radius.

The distance and energy parameters interactions are obtained

 rij    
4 /rij 12

   /rij 6  r rcut

0 r rcut



Table 2. Parameters of bond stretch potential
Bead-A Bead-B Kb (kcal/mol/A2) R0 (A)
CT2 CM1 22.11 3.14
CM1 CM1 15.65 3.72
CM1 CO 15.76 3.02
CT CM 13.93 3.73
CM CM 15.65 3.72
CM CO 15.76 3.02

Note: Kb is the bond force constant, and R0 is the equilibrium dis-
tance.
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according to the Lorentz-Berthelot combining rules, as follows:

(3)

(4)

where  and  are the energy and distance parameters; the sub-
scripts A and B represent different atom types.

The L-J potential parameters [27] are listed in Tables 1-3. More-
over, rcut=1.20 nm is the overall cutoff distance for the L-J potential.

As shown in Fig. 3, the system uses three-dimensional periodic

AB   AA  BB /2

AB  AA BB

Table 3. Parameters of angle bend potential
Bead-A Bead-B Bead-C K0 (kcal/mol/rad2) 0 (degree)
CT2 CM1 CM1 7.81 156
CM1 CM1 CM1 8.59 153
CM1 CM1 CO 5.86 151
CT CM CM 5.97 149
CM CM CM 8.59 153
CM CM CO 5.86 157

Note: K0 is the bond angular force constant, and 0 is the equilib-
rium angle.

Fig. 3. The position and boundary of the structure of each part in
the simulation system.

Fig. 4. The material distribution in the process of mass transfer and heat transfer in molecular distillation at distances of 1000A,1500A, and
2000A respectively.

boundary conditions. The simulation consists of two independent
ensembles, named NPT, NVE-Langevin. NPT part equilibrates the
system to 0.75 ns in a vacuum environment of 298 K; this com-
mand performs time integrals on the Nose-Hoover form of the
non-Hamiltonian equation [26]. A Nose-Hoover thermostat will
not work well for arbitrary values of Tdamp. If Tdamp is too small,
the temperature can fluctuate wildly; if it is too large, the tempera-
ture will take a very long time to equilibrate. A good choice for
many models is a Tdamp of around 100 timesteps and a Pdamp of
around 1,000 timesteps. The NVE ensemble is used to apply the
Langevin thermostat to the molecular group. The command per-
forms Brownian kinematics (BD) and the total force acting on



310 Z. Duan et al.

February, 2022

each atom is:

(5)

(6)

(7)

where Fc is the conservative force computed via the usual inter-
particle interactions; Ff is a frictional drag or viscous damping term
proportional to the particle’s velocity; Fr is a force due to solvent
atoms at a temperature T randomly bumping into the particle; m
is the mass of the particle; damp is the damping factor specified by
the user;  is the relative velocity of particles; Kb is the Boltzmann
constant; T is the desired temperature; t is the timestep size.

And the proportionality constant for each atom is computed as m/
damp. As derived from the fluctuation/dissipation theorem, its mag-
nitude, as shown above, is proportional to .
The data sampling interval in the NVE section is 1,000 fs, the whole
period is 10 ns.

The evaporation of molecules is caused by the sudden increase
in the temperature of the specific fixed molecules at the bottom.
The temperature of the bottom heating layer is set at 540 k, and the
temperature of the top condensation layer is set at 293 K. To bet-
ter illustrate the molecular distillation process, the atomic distribu-
tion at different time points is shown in Fig. 4. Compared with the
reflective boundary layer, the condensation layer can avoid the
rebound of molecules when they reach the fixed layer, which greatly
slows the collision between molecules [26]. In this paper, the main
factors of mass and heat transfer in the transition region are dis-
cussed by analyzing the molecular temperature and density in the
transition region.
2. Data Analysis

To better explain the influence of the change of heat exchange
surface spacing on molecular distillation efficiency, under the prem-
ise of keeping the evaporation temperature (500 K) and condensa-
tion temperature (293K) unchanged, the evaporation efficiency with
the spacing of 1000A, 1500A, and 2000A was calculated, respec-
tively, and the results are shown in Fig. 5. Through sampling at dif-
ferent time points, we can find that the molecular distillation effi-
ciency is maintained at about 88%-91% under the three groups of
spacing, which verifies that the change of spacing does not have a
significant impact on the separation efficiency, consistent with pre-
vious experiments [9].

As shown in Fig. 6(a), the molecular number density and tem-
perature with a spacing of 1000A are analyzed. We find that the
data near the bottom and top fluctuate violently, and the data in
the middle region change gently. That is, the mass and heat trans-
fer in the evaporation and condensation stage of molecular distil-
lation is in an unstable state, and the mass and heat transfer in the
transition region reaches a steady equilibrium. Molecules in the evap-
oration region constantly absorb heat, and different molecules need
different energy for evaporation, which leads to the existence of a
velocity gradient between molecules. Therefore, in the evaporation
stage, the molecules are in an unstable state and the temperature
fluctuates violently. The evaporated molecules collide with each other,
making the energy difference between molecules into the mean
velocity, that is, the molecules in the transition zone are in a stable

state, the temperature is in a state of equilibrium, and the distribu-
tion of molecules is relatively uniform.

To further verify the influence of heat transfer surface distance
on the mass and heat transfer process of molecular distillation, simu-
lation analysis was conducted on the models with spacing of 1500A
and 2000A, respectively, and the results are shown in Fig. 6(b) and
(c). The data show that the mass transfer and heat transfer in the
molecular distillation process do not change with the increase of
the distance between the heat transfer surface. The temperature
and density in the evaporation and condensation stage fluctuate
violently and are in an unstable state. The mass and heat transfer
in the transition zone is in a stable state.

From the above data analysis, we can conclude that in the pro-
cess of molecular distillation, the mass and heat transfer of evapo-
ration and condensation is controlled by heat diffusion, which will
produce violent fluctuations; the mass and heat transfer process in
the transition zone is controlled by convection and in dynamic
equilibrium. At the same time, it is verified that the distance does
not affect the mass transfer and heat transfer process, that is, it has
little effect on the distillation efficiency of the molecular distilla-
tion process.
3. Results Analysis

Molecular dynamics simulation of short-range distillation was
carried out:

(1) In the distillation process, the stability and molecular den-
sity near the evaporation condensation end fluctuate greatly, which
belongs to unsteady heat and mass transfer;

(2) The temperature and density in the transition zone between
the evaporation surface and condensation surface have no fluctua-
tion and are in a stable range.

NUMERICAL SIMULATION OF THE
TRANSITION ZONE

1. Modeling
The volume fraction and temperature change of the gas and liq-

F  Fc   Ff  Fr

Ff    m/damp 

Fr   kb mT / damp t 

kb mT / damp t 

Fig. 5. Evaporation efficiency at different time when spacing is 1000A,
1500A and 2000A.
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uid phases in the transition zone of short-path distillation are the
main reference quantities reflecting the state of the transition zone.
To compare the influence of the distance between the hot and cold
surfaces on the parameters of the transition zone, ICEM-CFD was
used to establish a simplified two-dimensional simplified model of
the short-path distillation device. A two-dimensional grid model
of the longitudinal section of evaporation and condensation is
shown in Fig. 7. Except for the distance between the hot and cold
surfaces of the model (10 mm, 20 mm, 40 mm), the other param-

eter settings are the same. In ICEM-CFD, the unstructured grid is
divided and the boundary conditions are refined. The number of
grids is 158,039, 184,253 and 215,689. After the grid independence
test (Fig. 8), the number of selected grids meets the calculation
requirements.
2. Condition Setting

To simplify the calculation process, two assumptions were made
for the calculation model: (1) Air and liquid do not dissolve each
other; and (2) the computational fluid is incompressible. The physi-

Fig. 6. Distribution of temperature and density curves of molecular distillation during mass transfer and heat transfer at a distance of 1000A,
1500A and 2000A.
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cal parameters of the research object are shown in Table 4 [28].
The shape of the liquid-gas interface changes with flow time and
the VOF model was used to track this change, with air as the
main phase, N-hexadecanol and N-dodecanol as the liquid phase,
and N-dodecanol vapor as the forming phase. The energy equa-
tion was activated and the turbulence model was selected as the
RNG k~ model.

To fully describe the heat and mass transfer in the evaporation
and condensation region, three monitoring lines were selected in
the longitudinal direction with equal spacing (10 mm) to monitor
the upper end, middle end and lower end of the mixed liquid phase,
respectively, as shown in Fig. 9.

Uncoupled solution, implicit algorithm, and steady-state process
are selected for calculation. The momentum equation adopts the
second-order upwind discrete scheme, the pressure and velocity
correlation adopts the PISO method. The convergence accuracy of
the residual error of the momentum equation and the continuity
equation is set as 1e-05. Operation was at atmospheric pressure, the
gravity option was activated, and the gravitational acceleration was
9.81 m/s2.

Fig. 7. 2D model grid.

Fig. 8. Grid independence validation.

Table 4. Physical parameters of research object
Name  kg/m3 C j/(kg·K)  kg/(m·s) Mr M.P/K B.P/K

N-hexadecanol 817.6 3,433.349 1.79 242.44 322.35 617.65
N-dodecanol 831.0 3,623.580 1.15 186.34 196.95 536.95

Fig. 9. The division of flow field for 2D.

3. Simulation Result
By monitoring the phase volume fraction and temperature change

on the Y1Y2Y3 line, the material transfer process in the short-range
distillation transition zone is determined.
3-1. Change Trend of Gas and Liquid Volume Concentration

After the mixture enters the heating surface with steady speed,
the light components are heated and vaporized into N-dodecanol
gas, and the vapor condenses into a liquid on a condensing sur-
face by irregular motion. To compare the influence of different evap-
oration plane spacing, the vapor and liquid phase distribution data
curves of the three observation lines Y1-Y3 for the evaporation and
condensation sections of L=10 mm, L=20 mm and L=40 mm are
shown in Fig. 10.

According to the movement trend of the integral number of gas
and liquid in the evaporation area, it can be simplified into three
states. In the Y1-Y3 reference line gas-liquid volume fraction change
curve of the three models (Fig. 11): the first stage is the violent
evaporation stage, which evaporates rapidly on the evaporation
surface, and the light component is vaporized by heat, and a large
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amount of steam escapes from the liquid level. The evaporation
stage is more pronounced at Y1 near the entrance, and the evapo-
ration phenomenon is violent. In Y2 and Y3 lines, the content of
light components decreases, and the evaporation phenomenon is
not obvious. The second stage is the stable transition zone, which
is dominated by the gas phase. After leaving the liquid level, the
concentration of gas-phase reaches a peak quickly and then enters
a stable state. In terms of gas-liquid state parameters in the transi-
tion zone, the three models are the same, which is not affected by
the distance of evaporation and condensation. The variation trend
of the gas phase in the transition region is highly consistent between

the three models, and it is a stable state of mass transfer. The third
stage is the gas phase condensation stage. After passing through the
transition zone, a large number of molecules of gas-phase gather
on the condensing surface. A small number of light components
condense into the liquid phase, and the fluctuation of gas-phase
volume fraction decreases (Fig. 10). The phase volume fraction of
the three models under the three monitoring lines is surprisingly
consistent. The decrease of the gas phase and the increase of a small
amount of the liquid phase conform to the principle of condensa-
tion (Fig. 11).
3-2. Change Trend of Gas and Liquid Temperature

By preheating, the material is heated to 300 K to increase fluid-
ity. We set the heating temperature at 450 K and the condensation
temperature at 273 K. The cloud chart of temperature in the short-
path distillation evaporation condensation zone is shown in Fig.
12. The temperature variation trend of the three models was con-
sistent, the liquid phase in the heating region was heated at a faster
rate, and the temperature gradient was not obvious. The tempera-
ture in the transition zone was constant and did not fluctuate, and
the temperature before and after the condensation zone shows an
obvious gradient space.

In the initial feeding stage, the liquid phase evaporates quickly
when heated, and the temperature of the gas and liquid phase rises
at the upper end. After the feed is stable, it can be seen from Fig.
13 that the temperature near the evaporation surface is higher. The
temperature of the three models is stable at 310-320 K in the mid-
dle section. In the condensation stage, the temperature shows a sig-
nificant downward trend, and there is a small peak in the tem-
perature near the condensation surface, which is caused by the heat
release of water vapor condensation. It can be seen from the tem-
perature change trend of the cloud diagram and the graph that in
the intermediate stage of short-path distillation, due to the effect of
convection and mass transfer, the temperature is stable and with-
out fluctuation in the transition zone; in the condensation stage,
due to the exothermic heat of the heat transfer process, the tem-
perature rises slightly after falling.
4. Results Analysis

From the Fluent simulation, the data of vapor phase transfer at
evaporation condensation interface with different spacing are sum-
marized as follows:

(1) On the evaporation wall, the light phase material is evapo-
rated into gas by heating, and the gas-liquid phase is separated. The
temperature rises rapidly and shows a fluctuating downward trend
after reaching the boiling point.

(2) In the process of approaching the condensing surface, the
molecular volume fraction of the light phase decreases, the volume
fraction of the liquid phase increases gradually, and there is slight
fluctuation. The temperature has slight heat release during lique-
faction and decreases to the temperature of the condensation sur-
face.

(3) The volume fraction and temperature of the gas-liquid phase
are stable in the transition region, which belongs to the category of
convective mass transfer. There is no significant difference in the
state of the transition zone when the spacing changes. This is con-
sistent with the previous experimental results [9,10], that the in-
crease of spacing has little effect on the separation efficiency.

Fig. 10. Gas-liquid distributions cloud map with spacing of 10 mm,
20 mm and 40 mm.
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CONCLUSION

Molecular dynamics simulation was introduced into the study

of the micro mechanism of the distillation process and heat and
mass transfer process in short-range distillation equipment. How-
ever, there is sometimes a big difference between the rule of the

Fig. 11. Gas-liquid distribution curves with spacing of 10 mm, 20 mm and 40 mm.

Fig. 12. Temperature distributions cloud map with spacing of 10 mm, 20 mm and 40 mm.

Fig. 13. Temperature distribution curves with spacing of 10 mm, 20 mm and 40 mm.



Mass and heat transfer in transition zone of short-path distillation 315

Korean J. Chem. Eng.(Vol. 39, No. 2)

micro and the macro, so CFD simulation was used to simulate the
macroscopic process. Fluent and molecular simulation software were
combined to analyze the transition region of the gas-phase trans-
fer process.

The heat and mass transfer in the transition zone between evap-
oration and condensation surfaces of short-range distillation was
studied by Fluent and molecular simulation. By simulating the transi-
tion zone between the evaporation and condensation surfaces, it
was found that the temperature and molecular density in the gas
phase are unchanged through the simulation of steady-state evap-
oration and condensation of molecules. That is, the heat and mass
transfer in the gas phase is mainly controlled by convection rather
than the diffusion process. While in the study of transient heat and
mass transfer dynamics between cold and hot surfaces, the mass
and heat transfer in steam is controlled by thermal diffusion. It is
verified that in short-path distillation, the distance between the hot
and cold surfaces has no significant effect on evaporation and con-
densation. According to the result, we can zoom in very nicely on
the molecular distillation apparatus. Increasing the distance between
the evaporation surface and the condensation surface does not affect
the separation efficiency, and can greatly reduce the difficulty of
manufacturing. In addition, the increase of the distance between
the evaporation surface and the condensation surface increases the
volume capacity of the transition zone, which can provide more
location space for the evaporated materials. The processing capac-
ity of the materials is greatly increased, and the production capac-
ity in the industrial production is improved.
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SYMBOL DESCRIPTION

cr=1 : the relative velocity of gas molecules
*, 1

* : the corresponding velocities of two molecules with veloci-
ties  and 1 when they collide with each other

 : the molecular pair collision cross section
F : the external forces acting on gas molecules
m : the mass of gas molecules
 : the solid angle
 : energy parameters
rij : the distance between atoms i and j
rcut : the cut-off radius
A, B : represent different atom types
Fc : the conservative force computed via the usual inter-particle

interactions
Ff : a frictional drag or viscous damping term proportional to

the particle’s velocity
Fr : a force due to solvent atoms at a temperature T randomly

bumping into the particle
damp : the damping factor specified by the user
 : the relative velocity of particles
Kb : the Boltzmann constant
T : the desired temperature
t : the timestep size
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